Energy future of the Stockholm region

2010-2050

The way to reduce climate impact

Final report
Energy study for the Stockholm region

We hope and believe that this report will be used as a b
 asis
for decisions and as a source of knowledge – to u
 nderstand
interactions and opportunities – and to initiate discussions
on what concrete efforts are needed.
Sven-Inge Nylund
Director of Regional Planning,
Steering Committee Chairman for
the Energy Study

Facts 3

Table of contents
There are no shortcuts..................................................................................................... 4
From fossil to renewable – energy future of the Stockholm region.............................. 5
International, national and regional outlook – present situation................................. 8
The energy system in Stockholm County today............................................................ 15
Energy sector................................................................................................................ 19
Domestic sector............................................................................................................ 27
Transport sector........................................................................................................... 35
Industrial sector............................................................................................................ 43
Agricultural and forestry sector.................................................................................. 49
Waste sector................................................................................................................. 53
Definitions and clarifications......................................................................................... 58
Facts and underlying statistics....................................................................................... 60

4 Final
Facts report

There are no shortcuts
Task: rethink the energy system
The energy supply and climate problems play a crucial role in the future of the
Stockholm region. Today, the transport and domestic sectors account for 80 per
cent of the county's direct emissions. This is unsustainable in the long term. We
need to change and adapt the energy systems – replace fossil with renewable,
but also improve the efficiency of energy consumption in society.
Success demands resolve and active interaction between the private and
public actors in the county. Through resolute action and long-term planning
now, we will avoid expensive firefighting measures later. In addition, energy
saving is directly profitable in many ways, particularly for strengthening the
region's competitiveness.

The final report presents the choices
The energy study's final report Energy future of the Stockholm region 20102050 discusses possibilities and prerequisites for enhancing the efficiency of
energy consumption and reducing the climate impact from the county's energy
and transport systems.
After an introductory and summary section, the final report reviews
important energy issues in six sectors of society and describes the
challenges that each sector faces, and presents targets for energy
consumption and greenhouse gas emissions. In addition, the measures that do the most good in a regional perspective are evaluated,
as well as what the public sector can do. The report concludes with
a factual compilation in table format.
We hope that this report both increases knowledge and inspires concrete
action concerning today's and tomorrow's energy supply and climate problems.
We also see the study as a springboard for creating a platform for continued
cooperation in the region between the public and private sectors and, in particular, between the county's 26 municipalities.
More information concerning the energy study is available at
www.regionplanekontoret.sll.se

The energy study – assignments, participants, target group
and methods
In 2007-2009, eleven parties, both public and private actors, carried out
a strategic energy study for the Stockholm region from a climate perspective. The project was conducted on behalf of the Stockholm County
Council Assembly with the Board of Regional Planning as the principal.
The study is primarily directed at decision-makers in private and public
operations, municipal and county council politicians and concerned
professional and industry organisations. The study also functions as a
strategic basis for the work on the Regional development plan for the
Stockholm region (RUFS 2010) and future energy and climate decisions
in the county. The study points out five overall challenges that will affect the energy and climate work of the Stockholm region in 2010-2050:
• Sustainable regional growth
• Reducing climate impact in the transport sector
• Securing the energy supply at the right price
• Robust energy supply systems
• Adapting to changing global conditions and impact
The targets, technical potentials and qualitative assessments of the
study were prepared in collaboration with various experts in energy,
environment and urban planning. The study is based on a systems analysis, conducted by Sweco, and a number of underlying reports prepared
by consulting firms and universities. The material has been continuously
discussed and refined by the project's steering committee, see page 71.
This final report has, however, not been handled in the political bodies.
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From fossil to renewable – energy future
of the Stockholm region
The Stockholm region has good prerequisites
Since 1991, Sweden has had an economic growth of 48 per cent, but has at
the same time reduced its emissions by 9 per cent. This positive development has been possible due to early implementation of the carbon dioxide
tax (1991) and an extensive structural change. CO2 emissions have also
dropped rapidly in the Stockholm region since the 1990s – a trend that must
continue and even be reinforced.

All sectors of society are affected
In order to convert to a society that is sustainable on the long term, the energy and transport systems in Stockholm County must change. On one hand,
the systems must be made more energy efficient. On the other, greenhouse
gas emissions must be reduced. The changes affect the entire energy value
chain – from supply and conversion to consumption – and all sectors of
society: the energy sector, domestic sector, transports, industry, agriculture
and forestry and waste.
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This is how much emissions must
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according to the targets in RUFS 2010

+15%
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This is how much the population
is expected to grow

Great technical potential
The study shows that there is a technical potential of reducing energy
consumption by 25 per cent and emissions by 55 per cent by 2030. With
continued targeted development, emissions of greenhouse gases in 2050
can be reduced by 90 per cent per county resident compared with 2006.
During the period up to 2050, the county's population is estimated to grow
by 40 per cent – today's 2 million residents will grow to 2.8 million. In other
words, a basic requirement is that the energy and transport systems' conversion and efficiency enhancement must be conducted during a period
of continuous growth.

The base year for energy consumption and emissions is 2006.
For definitions and clarifications, see page 58.

The conversion of the energy system affects all sectors of society
Based on the technical potentials identified in the energy study,
this final report presents targets for each of the six sectors.

Energy

Domestic

Transport

Industry

Agriculture
and forestry

Waste
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The public sector sets the rules of the game
In order to make the change possible, the public sector plays a key role. Conditions, frameworks and driving forces are created through economic and
legal means of governance, information, training and R&D efforts.
Municipalities and county councils in particular have major opportunities
to influence energy issues through active cooperation with other actors. The
county council, like the municipalities, is also itself a landowner, developer,
property owner, landlord, purchaser/procurer and party to the expansion of
district heating and various infrastructure projects.
This means that the county's municipalities can jointly act to promote
sustainable energy consumption and more use of renewable energy in the
region. The Government also emphasises the county council's and municipalities' responsibility in these areas in the most recent climate and energy
bills. The Government also charges the county administrative boards to
conduct the regional energy and climate work on behalf of the state.
The democratic aspects should also not be forgotten. It is the voters in
county council and municipal elections that decide what energy policy emphasis will apply in the region.

Interaction between private and public
The market, in the form of private companies and public-private collaboration, implements the changes in practice through investments in new
technology, among other efforts. Market forces and technical conditions –
and financial and economic benefit – determine how and when the changes
may take place.
The changes in the energy and transport systems can be achieved in
many different ways, but in practice individual decisions in daily life and at
work are decisive. An important conclusion of the study is that regulation
and incentive are needed to create conditions for people and organisations
to make rational decisions – decisions that combine personal benefit with
overall goals.

This programme should be focused on subject areas and measures that the regional level has good chances of influencing – and
where responsibility for implementation of the measures must be
shared by various actors.

Public sector
Legislation
Regulation

Market
Implementation
Investments
Development

Public sector
Conditions
Incentive
Implementation
(as owner)

A regional action programme is the next step
The regional actors have major opportunities to influence target fulfilment
for the energy and climate targets. In some areas, such as public transport,
there is already a clear responsibility to implement necessary measures. In
other areas, more distinct responsibility is needed. This may, for example,
involve the establishment of new, renewable power production such as wind
power. Public and private actors in the region must also act together in order
to handle complex issues.
The energy study is a springboard to continue with the process. The next
step is to create a regional action programme for the energy and climate area.

Strategic choice for the future
In order to meet the energy study's targets for energy consumption
and greenhouse gas emissions, public actors and enterprise need
to make a number of strategic choices. The compilation below
provides a general overview of crossroads and affected sectors.
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Sector

Crossroads
Continue with energy efficiency enhancement in all sectors. End the use of fuel oils
for heating. Invest in renewable energy such as solar power, wind power and solar heat.
Produce and distribute electricity more efficiently. Build intelligent electrical grids.

Develop co-generation for the simultaneous production of electricity and heat. Phase
out fossil fuels from district heating production. Use more wood fuels and waste. Build
infrastructure in the region to be able to receive rising imports of renewable and
sustainable fuels – such as pellets, wood chips and other wood fuels.

Make agriculture self-sufficient for energy – and a more integrated part of the
county's energy supply.

Use the county's waste more efficiently through better collection, processing and
energy recycling. Increase biogas production.

Phase out fossil fuels in the transport sector. Invest in a diversified fuel offering with
electricity, biogas, biodiesel and other fuels produced from biomass. Reduce energy
consumption of vehicles in general. Invest in cleaner, more efficient vehicles.

Plan for a society where the urban structure reduces demand for travel. Make it easier
to travel with public transport, by bicycle or walking.

Invest in enhancing energy efficiency in existing buildings. Build energy-efficient passive
buildings. Phase out oil and direct-acting electricity. Develop more efficient lighting.
Start small-scale production of electricity and heat.
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International, national and regional
outlook – present situation
Carbon dioxide emissions in the world

Fossil fuels dominant
Globally, energy consumption amounts to 140,000 TWh. The fossil fuels of
oil, coal and gas are dominant, accounting for 80 per cent of consumption in
total. Renewable energy sources only account for one-tenth of global energy
consumption. Sweden's energy consumption is barely 0.5 per cent of the
global energy consumption.
The world's collective emissions from energy consumption amount to
nearly 30,000 million tonnes of carbon dioxide per year. If the emissions of
other greenhouse gases are included, emissions amount to 50,000 million
tonnes of CO2 equivalents. According to assessments by the International
Energy Agency (IEA), carbon dioxide emissions from energy use will continue to increase to 42,000 million tonnes by 2030 and 62,000 million tonnes
carbon dioxide by 2050 – unless bold steps are taken to reduce emissions.
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Figure 2. Global emissions of carbon dioxide from energy consumption. Total emissions continue
to increase. The greatest increase is in Asia. In 2006, carbon dioxide emissions in Sweden amounted
52 million tonnes of CO2. See Table 2.

Other 11%
Hydroelectric power 2%
Nuclear power incl.
losses 6%

Coal 26%

Energy consumption unevenly distributed in the world
U.S. energy consumption is more than twice as high as the EU's per person;
90,000 kWh compared with 43,000 kWh per person. The average in the
world is 20,000 kWh per person. Sweden's energy consumption is 70,000
kWh per person, including losses in nuclear power plants.

Increased proportion of renewable energy in Sweden

Natural gas 20%

Oil 35%

Figure 1. Global energy supply 2006. Total approximately 140,000 TWh. In 2050, coal, oil and gas
will still dominate the world's energy supply. See Table 1B.

Sweden's proportion of renewable energy increased from 34 per cent in 1990
to 44 per cent in 2007. The greatest contribution is from hydroelectric power
followed by biofuels in the pulp and paper industry. An important contribution is also from district heating, since 86 per cent of district heating production is made by renewable energy. The proportion of renewable energy is
calculated as the ratio between renewable energy and final energy use, including transmission losses and self consumption of electricity in co-generation
plants. The heat losses in nuclear power are not included, in other words.
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Global carbon dioxide emissions per year (forecast)

Carbon dioxide emissions per person and year
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Figure 3. Global carbon dioxide emissions, historically and forecast. See Table 2.
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Figure 5. In Sweden, the carbon dioxide emissions per resident amounts to 5.6 tonnes CO2. This
is lower than the average for the EU, which amounts to 7.9 tonnes of CO2 per capita, as well as
the average for the OECD countries at 11 tonnes CO2 per capita. The US and Luxembourg are the
highest at 20 and 25 tonnes of CO2 per capita, respectively. Here, carbon dioxide emissions are
calculated on a national electricity mix. In the energy study otherwise, a Nordic electricity mix is
used, resulting in somewhat higher emission figures for Sweden. See Table 4.
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Figure 4. Energy consumption per person by international comparison (including losses in nuclear
power). See Table 3.
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Figure 6. Sweden's energy supply 2007. Total 624 TWh. Heat pumps in the diagram refer to large
heat pumps in the energy sector. See Table 5.
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Global targets and agreements
Climate change a global threat

EU's target by 2020 – "202020"

The climate issue affects every part of the society. It impacts the environment,
the economy and enterprise, social conditions, agriculture and forestry as
well as our national security. There is a strong connection between energy
consumption and climate changes. In the industrialised countries, CO2 emissions from energy conversion are the foremost source of climate impact.

The EU's overall climate objective is to limit the average temperature increase
on the earth to 2° Celsius over the pre-industrial levels.
The climate targets should be achieved through more efficient utilisation
of Europe's energy resources, a higher proportion of renewable energy and
efficiency enhancement of energy consumption. In November 2008, the EU
energy package was adopted, which contains the targets:
• The emissions of greenhouse gases must decrease by 20 per cent and
• The efficiency of energy consumption must be improved by 20 per cent
by 2020, compared with the base year of 1990, and
• The proportion of renewable energy must amount to 20 per cent by 2020.
The legislation is assumed to be able to enter into effect beginning in 2013.
The EU's objective in international negotiations is for the industrialised
countries to have reduced their emissions of greenhouse gases by 30 per
cent in 2020 compared with 1990. If the industrialised countries can agree
on this, the EU will raise its level of ambition to an equivalent degree.
The EU's shared targets will be achieved through an internal distribution
of various national contributions. Sweden's leading role in the EU
with regard to renewable energy and CO2 emissions reduction will even
be strengthened.

Emissions must be cut in half
Mankind is affecting the climate through emissions of greenhouse gases.
Global warming has already reached 0.8° Celsius compared with the preindustrial era – and it is accelerating.
Researchers the world over are in agreement that an average increase in the
average global temperature of more than 2 degrees would lower the quality of
life drastically for a large part of the world's population. In order to avoid such
a scenario, we have 7-12 years to turn the emissions trend and reduce global
emissions. Emissions must at least be cut in half by 2050, but in order to not
degrade the development possibilities for the very poorest countries, emissions in the industrialised countries must decrease by 80 per cent.
The United Nations Framework Convention on Climate Change (UNFCCC) is a framework for international climate policy. The convention's
ultimate objective is for the concentration of greenhouse gases in the
atmosphere to be stabilised at a level that prevents a hazardous human
disruption of the climate system. Representatives of the countries that
signed the convention regularly meet and discuss how the convention will
be able to be implemented.

First Kyoto then Copenhagen
The currently applicable international climate agreement was adopted in
Kyoto in 1997 and has been ratified by 175 of the 190 countries that signed
the agreement. Under the Kyoto protocol, the wealthy world has a special
responsibility in several areas: to go first in the transition to an ecologically
sustainable society, to lead the way in the use of new technology, and to assist with resources in the form of aid and the transfer of technology to poor
countries that have worse conditions.
At the conference in Bali in December 2007, the industrialised countries
(including the U.S.) made a voluntary commitment that global greenhouse
emissions should decrease by 25 to 40 per cent by 2020 compared with
1990. For the first time, the U.S. officially declared that its greenhouse gas
emissions shall be cut in half by 2050. In December 2009, negotiations were
held in Copenhagen at COP-15, the 15th climate change conference.

National targets and policy instruments
Taxes, fees and grants
In terms of greenhouse gas emissions, Sweden is significantly better than the
EU average. We also have strong prerequisites to be able to reach even further,
including the national energy targets and various policy instruments – such
as taxes, fees and grants, as well as various kinds of market-based policy
instruments such as the trade in emission rights and electricity certificates.
The objective is to enhance the efficiency of energy consumption and reduce
emissions of greenhouse gases and other pollutants. There are also policy
instruments for stimulating greater production of renewable energy.
Energy taxation comprises energy taxes, carbon dioxide taxes and sulphur
taxes, as well as a fee on emissions of nitrogen oxide. The energy tax is levied
on electricity and fossil fuels and based on the fuels' energy content, among
other aspects. The carbon dioxide and energy taxes are adjusted annually to
the consumer index. The fuels used for electricity production or in some of the
manufacturing processes in industry are exempt from energy tax. Electricity
is taxed depending on where it is used in the country.
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The most important EU directives in the energy and climate area
• Internal market package for completion of liberalisation of the market
for electricity and gas. The third in order was adopted in spring 2009.
The package aims to increase competition on the market and promote
important infrastructure for the transmission of electricity and gas.
• The directive on the promotion of renewable energy sources aims

Sweden's energy consumption (2007)
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achieve efficiency improvements in energy consumption of a minimum
of 9 per cent by 2016, compared with the average for 2001-2005.
• The marking directive (1992) concerns the standardised energy marking of household appliances.
• The ecodesign directive (2005) aims to reduce the environmental
impact of products.
• The energy performance of buildings directive (2002) promotes
efficient energy consumption and a good indoor environment in
buildings. This directive has been implemented in Swedish law, in part
through energy declarations of buildings.

Figure 7. Sweden's energy consumption, gross 2007. Final consumption of energy in the country amounts
to 400 TWh. If all losses are included, it totals 624 TWh. Losses arise in power and heat production and in
the distribution of energy. Heat losses in nuclear power are presented separately. See Table 6B.

The carbon dioxide tax is paid per kilogram emitted carbon dioxide and is
levied on all fossil fuels. As of 2010, the general carbon dioxide tax is SEK
1.05/kg CO2. Industry has a carbon dioxide tax reduction and pays 21 per cent of
the general level (2009). There are proposals to gradually raise this level so that
industry will pay 60 per cent of the general level in 2015.

PFE for energy-intensive industry

Sweden's national energy targets – by 2020
Energy taxes will guide towards the national energy targets:
• 50 per cent renewable energy
• 10 per cent renewable energy in the transport sector
• 20 per cent more efficient energy consumption compared with 1990
• 40 per cent reduction in emissions of climate gases in the nontrading sector, which is not covered by the system of emission
rights, compared with 1990
Energy targets by 2030
Sweden also has a goal of having a vehicle fleet that is not reliant on
fossil fuels by 2030.

In Sweden, industrial companies can be exempt from energy tax on electricity
if they participate in a programme for energy efficiency enhancement, PFE.
PFE aims to improve the efficiency of electricity consumption in energyintensive enterprises. The energy tax on electricity is currently SEK 0.005/
kWh for the electricity used in industrial manufacturing processes. By
participating in the five-year PFE programme, companies receive a full
reduction of the energy tax on electricity. In exchange, the company pledges
to introduce energy management systems and conduct an energy survey in
the first two years. The objective is to analyse the company's potential to
undertake measures that improve the efficiency of the energy consumption.
The companies also pledge during the programme period to conduct
electricity efficiency enhancements with a break-even period of less than
three years, which is assessed to correspond to what the energy tax would
have given rise to. A requirement for being able to participate in the programme is that the company can be defined as energy-intensive. Read more
about PFE in the Industry chapter.
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Electricity certificates
Electricity certificates are a market-based support system that aims to costeffectively increase the production of renewable electricity. The objective is
for the production of renewable electricity to increase by 25 TWh by 2020
compared with 2002. Producers of renewable electricity are allocated a
certificate for every megawatt hour of renewable electricity they produce.
The electricity suppliers are obliged to buy certificates in relation to their
electricity sales, a so-called quota obligation. The cost of the certificates
is forwarded to the electricity consumers. Electricity-intensive industry
can make deductions for the quota obligation for the part of the electricity
used in the manufacturing process. The system of electrical certificates will
continue until 2030.

Emission rights
Trading in emission rights is an EU-based system for reducing emissions of
greenhouse gases so that the EU member states can meet their undertakings
under the Kyoto Protocol. The objective is to create incentives so that the
emission reductions are implemented where the cost is the lowest. The trading system, which has been in operation since 2005, is limited to the energy
sector and parts of industry, which means that it covers 40 per cent of the
emissions of greenhouse gases in the EU. An emission right corresponds to
one tonne carbon dioxide equivalents.

Energy declarations for buildings
There is a number of control measures for influencing energy use in buildings in the form of building regulations, investment grants and various
measures and energy declarations. The building regulations are intended to
promote energy efficient construction. Buildings must be designed so that
energy consumption is limited through low heat losses, low cooling needs,
efficient heating and cooling consumption and effective electrical consumption. A building should be designed so that energy consumption amounts to
a maximum of between 75 and 130 kWh per square metre depending on the
type of building and heating system.
The requirements of energy efficiency are higher for direct-acting electricity and are also controlled by where in the country the building is. As
of 2009, all apartment buildings and commercial premises must have conducted energy declarations. Private homes must also have completed energy
declarations upon sale. The energy declaration covers energy performance,
reference values, cost-effective proposals of measures, information about
functional control of ventilation systems and radon measurement.

Regional conditions
Regional development plan for the Stockholm region
The energy study is closely linked to the Regional development plan for the
Stockholm region – RUFS 2010. Within the scope of RUFS 2010, planning
targets for 2030 were prepared that have a direct bearing on the energy
study. The planning targets are related to the region affecting the climate
significantly less and urban environments and transport systems being
energy efficient.
The technical systems for energy, water and waste should be effective,
robust and flexible, at the same time that they have minimum climate impact
and are based on ecocycle thinking. Furthermore, facilities for supply, goods
handling and buffer stock should be in place at logistically beneficial locations.
Targets for greenhouse gas emissions in Stockholm County
The Stockholm region already has significantly lower emissions per resident than Sweden as a whole. The emission decreases have been larger
than the rest of the country, at the same time that population growth
has been considerable. The diagram shows the emission amounts per
resident and year in 1990 and 2005 – and how much emissions per capita
must decrease by 2020, 2030 and 2050 in order to achieve the overall climate targets. The diagram below presents RUFS' target for greenhouse
gas emissions in Stockholm County, expressed in tonnes of CO2 equivalents per resident and year. The base year is 2005. A Nordic electricity mix
is used (i. e. 0.123 tonnes CO2 /MWh). See Table 12.
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Population density in Stockholm County
RUFS's planning targets will be achieved by:
• Stimulating more energy and resource efficient transports and
domestic sector.
• Limiting the negative impact of transports.
• Enhancing the efficiency of the energy supply and transitioning to renewable energy sources.
• Expanding, strengthening and linking together the supply systems.
• Developing small-scale solutions for energy, water and sanitation for
sparsely populated parts of the region.
• Reducing the amounts of waste and using waste as a resource.
• Securing places for facilities in logistically good locations.

Large population, dense development, large service sector
The Stockholm region's targets and commitments must be in line with the
national objectives. The region is expected to have continued rapid growth
of the population, employment and real incomes, which entail greater need
for transports and energy.
Today, the county's energy use amounts to 55 TWh (2006). This corresponds to 14 per cent of Sweden's total energy use. Since Stockholm is
characterised by a large population, dense development and a large service
sector, the region accounts for a proportionately large share of urban energy
consumption – slightly more than 20 per cent – compared with the nation
as a whole, but only 4 per cent of the industry's energy consumption.

Stockholm is in a good situation
Compared with many other metropolitan regions, Stockholm is in a
good situation. Emissions of greenhouse gases from energy consumption amount to 4.6 tonnes of carbon dioxide equivalents per resident
and year (based on a Nordic electricity mix). This is significantly lower
than comparable metropolitan regions in the world – and nearly half
of the average for the rest of the country. The low emission figures
are due to efficient, large-scale systems for heating, i.e. district heating, and well-developed public transport. Compared with the rest of
the country, Stockholm has a very small proportion of energy-intensive industry, which also contributes to the low emission figures.

Stockholm County has a dense regional centre, as well as
large areas of relatively sparsely populated rural areas, coastal areas and archipelago islands all close to metropolitan
areas. Consequently, the conditions for energy production,
distribution and use are significantly different.
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The Stockholm region must contribute in its climate work so that the national
objectives can be achieved. Energy consumption must decrease by 15 per cent
by 2020 and 25 per cent by 2030. In energy terms, this entails decreases of
8 and 14 TWh, respectively, compared with 2006. Achieving this at the
same time that the population and the economy are growing places large
demands on new and effective energy solutions. According to the vision
of the energy study, energy consumption must continue to decrease by 22
TWh, in other words 40 per cent by 2050 even though the population is
assessed to increase by 40 per cent. These objectives are also rooted in the
regional development planning.

Ambitious targets demand dedication
The total carbon dioxide emissions in the region are 8.7 million tonnes of CO2
equivalents. The objective is for them to gradually decrease over time. By 2050,
emissions should only amount to 1.5 million tonnes of CO2 equivalents. Since
the population is growing at the same time, the emissions per person must
decrease markedly. According to the targets, the emissions of greenhouse gases
will decrease by slightly more than 80 per cent (2050) compared with the level
of 2006. This is a very ambitious target that demands resolve and collaboration between private and public actors.
The objective for 2050 is 1 tonne per person and year, which is the same
level as the UN climate panel IPCC. IPCC's target is based on the global
population in 2050 being up to 10 billion people and the emissions of greenhouse gases amounting to 10 billion tonnes of CO2 equivalents – a level that
the climate systems can handle without severe consequences to humanity.
However, it should be clarified that the target for Stockholm county's emissions only concern the energy and transport systems. IPCC's target includes
all emissions, including agriculture, forestry and other land use.
The system analysis in the energy study is based on the base year of 2006.

greenhouse gas emissions, Stockholm county
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Figure 8. Target for absolute greenhouse gas emissions of CO2 equivalents. See Table 9.
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Figure 9. Targets for energy added and energy consumption by social sector. See Table 8.
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The energy system in Stockholm County today
Focus on Stockholm County
The energy study is geographically delimited and covers Stockholm County
and the energy used there. Mainly, the county's energy needs are met by
imports from other parts of the country and from abroad, but also through
some own energy production and energy recycling. Emissions of carbon dioxide and other greenhouse gases are caused by both sources within the county
and through electricity and other energy that is imported.
Energy consumption in the county is 55 TWh per year, which corresponds to approximately 14 per cent of Sweden's total energy consumption.
Emissions of greenhouse gases, mainly carbon dioxide, amount to barely
9 million tonnes of carbon dioxide equivalents (figures from 2006).
The carbon dioxide emissions presented in the final report originate from
the respective sector's energy consumption. The information was supplemented with an assessment of other greenhouse gas emissions in the region.
Emissions from electricity consumption are estimated on the Nordic electricity mix. Indirect emissions that arise outside the region, but are linked to
consumption in the Stockholm region are not included in these estimates.

What characterises the county's energy system?
Stockholm County is a metropolitan region with dense development, high
economic activity, population growth, a dominant service sector and large
transport flows. This characterises both the energy systems and energy
consumption, which are dominated by the urban areas' heating needs, the
service sector's electricity consumption for office operations and lighting,
and transports. The region's industry accounts for only 5 per cent of the
energy consumption.
Energy is used comparatively efficiently. Energy consumption per capita
is barely 30 MWh per person, compared with sightly more than 40 MWh
per person on the national level (losses in nuclear power not included).
Stockholm has well-developed public transport – which accounts for approximately 40 per cent of the passenger traffic work in the county. Around
one journey out of four in the county are made with public transport.
Thanks to the dense development, there are very good conditions for
district heating – which accounts for 70 per cent of the heat production in
the county. The service sector's needs for comfort cooling in offices and
other premises are increasingly satisfied by district cooling from sea water.
Electricity production is limited within the county. Only one-tenth of all
electricity consumed in the county is produced in the region – primarily in

co-generation plants, which besides electricity supplies heat for the district
heating grid. The county's wind and hydroelectric production is negligible.

Stockholm's energy supply from a system perspective
There are many connections between the various sectors in society that use
energy, and convert material that can be used for energy production. Within the
Stockholm region, synergy effects are well utilised in the energy system, but there
is also additional potential to utilise.
There is a clear relationship between waste and district heating production as well as sanitation and biogas production for the transport sector. New
waste-fired plants are being built in the region, but the energy content of the
waste could be better utilised, such as through better collection and sorting
possibilities. Food waste and other biological waste is an important resource
for increasing biogas production. However, there is a lack of systems for collection and treatment.
In the more sparely populated areas of the county, there are area-dependent enterprises where waste from agriculture and forestry should be able to
be better utilised for energy production. However, not only material can be
recycled, but also waste heat. Waste heat from sewage water has long been
utilised to a large extent, but the industrial waste heat potential in the region
is very limited.
There are also important connections between electricity and heat production. The large base heating in the district heating network should be able to
be better utilised to increase co-generation. The efficiency of entire district
heating system could be further improved through continued integration and
optimisation of the networks. The various production plants can thereby be
used more efficiently and energy losses can be reduced.
There is also a very important connection between Stockholm's geographic
conditions, experiences from district heating operations and the need for
comfort cooling. Stockholm has Europe's largest cohesive system for district
cooling, where the cooling is mainly collected from sea water. There is a large
development potential here.
The connection between the transport sector and the energy sector has
potential to increase on the longer term in pace with the introduction of more
electric cars. There is a visionary discussion that electric cars could constitute
accumulators for electricity that, combined with intelligent business models, are
charged when electricity prices are low and discharged when prices are high.
They thereby contribute to evening out the load curves in the electrical grids.
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General description of energy flows in the Stockholm region
SUPPLY:

CONVERSION:

USE:

Imported energy and fuels

Production of electricity, heating and cooling

Energy use in sectors of society

Losses* in
electricity

Imported electricity

Renewable energy
added to electricity

Production of
electricity

Consumption of
electricity

Production of
transport energy

Consumption of
transport energy

Imported fuels

Production of
heating

Consumption of
heating

Renewable energy
added to heating

Production of
district heating

Losses* in district
heating

Production of
district cooling

Consumption of
district cooling

Fuel produced in
Stockholm County

FUEL

Energy from recycled
waste

Recycled heat

Free cooling added to
district cooling

* Losses include conversion and distribution losses
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Energy is consumed in all sectors of society
Energy is converted and consumed everywhere. Energy cannot be destroyed – it instead changes into other energy forms. Chemically bound
energy in fuel, the rays of the sun and kinetic energy in wind and water
are converted into electricity and heat in power and heating plants. A
major part of the society's material flows can also be recycled as energy in
waste incineration plants or for production in biogas.
Energy is used in households for heating, lighting, household work
and entertainment – as well as for transports of goods, business travel
and travel to activities and meetings with other people.
Energy is also used in enterprise, in the processes of industry, in office
and service activities and in agriculture and forestry.
From primary energy to energy carrier and end-user
The energy flows are often illustrated in energy balances where the
supply of primary energy – fuels and energy sources in nature such as
the sun, wind and water – is converted to energy carriers. See the illustration on page 16.
Energy carriers can be electricity, heat and fuel. These are then distributed to the end-users in various sectors of society – buildings, transports,
industry and agriculture and forestry.
Energy losses arise in both conversion and distribution. The degree of
efficiency varies between both facilities and the choice of distribution form.
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Igelstaverket outside Södertälje.
At right in the picture is the new
co-generation plant, the largest
biofuel-fired co-generation plant
in Sweden to-date.
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Energy sector
The Stockholm region accounts for 14 per cent of Sweden's
energy consumption. Two areas are dominant – the domestic
sector (built-up environment and service) and the transport
sector. The largest part of the energy used is imported from
other parts of the country or from other countries.
The energy actors' main challenge for the future is to increase
the proportion of renewable energy sources, but also to link
together the distribution grids to an even further extent. The
climate impact that the energy system will have depends on
which production plants are in operation, how efficiently they
are utilised and what fuels and energy sources will be used.

with the population growth in the same the period. Gross energy consumption
comprises the final consumption of energy and losses in the distribution and
production of electricity and district heating.
The dominant energy needs are heating and transports. For heating, district
heating, electricity (including electrically powered heat pumps) and individual
boilers are used. The transport sector is still dominated by petrol and diesel.
Despite the fact that energy consumption for transports is half as much as for
buildings, the emissions of carbon dioxide are just as large.

What is the energy used for?

Energy consumption per resident lower than national average

The county's energy consumption amounts to 55 TWh and the emissions
of greenhouse gases are 8.7 million tonnes of carbon-dioxide equivalents
(figures from 2006).
The total energy supplied (gross energy consumption) in Stockholm
County increased by 20 per cent between 1990 and 2007, which is on a par

Current status
Approximately one-fifth of Sweden's population lives in Stockholm County.
Like economic growth, population growth is strong. Despite this, energy consumption per resident is relatively low, at barely 30,000 KWh per resident
(excluding losses in nuclear power plants).

energy consumption, Stockholm County (2006)
energy consumption, Stockholm County
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Figure 10. Supplied energy in Stockholm County since 1990. The total energy supplied in 2007
was 56 TWh. See Table 7.
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(losses)
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Figure 11. Energy consumption in TWh (by end-user), including losses, in Stockholm County in 2006.
Two areas dominate energy consumption – the domestic and transport sectors. See Table 10.
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Emissions of greenhouse gases, Stockholm County
Million tonnes CO2 equiv.

4.0
3.5
3.0
2.5

Fossil 20, renewable 80
Of the fuels suppled for power and district heating production, 80 per cent are
renewable. The fuels included in "other" are mostly biofuels such as bio-oils, oat
husks, lignin, olive residues, recycled fuel, pine and pitch oil. This also includes
town gas and paraffin oil which are used in gas turbines.
Coal still accounts for 16 per cent of the energy supply although it is
only used in one production plant. The remaining fossil fuels are fuel oil for
peak-load production.

2.0
1.5

Fuel mix, Electricity and district heating, Stockholm County
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Figure 12. Emissions of greenhouse gases in the county, million tonnes CO2 equivalents. See Table 11.

The Stockholm region can utilise its size, development and social structure
for efficient energy consumption and has strong possibilities of utilising
new energy technology to a greater extent than smaller cities with sparse
development.

Renewable fuels/
sources 48%

Other 16%

Fossil fuels 19%

Production of electricity and heat
Energy consumption in the county determines how much energy must be
supplied from outside the county or produced in the county. Most of the
energy used in the county is imported from other parts of Sweden or from
other countries. Of the total electricity demand for 2006, 24 TWh,
95 per cent was imported.
The Stockholm region's electricity production mainly takes place in cogeneration plants that also produce heat for the district heating grid. The
plants use wood fuels, bio-oils, waste and some fossil fuels. Coal is used in the
Värta plant and oil is used as a supplemental fuel during the coldest periods.
There are also wind power and hydro-electric power in the county,
but these energy sources currently only make a marginal contribution
of electricity.
For district heating production in Stockholm County – which in 2006
amounted to 13 TWh – the co-generation plants, large-scale heat pumps and
some heating plants are used. The heat pumps use electricity as an energy
source and are therefore not greenhouse-gas neutral. The heating plants use
wood fuels, other biofuels and waste.

Figure 13. Change in the fuel sources for electricity and district heating production in the county.
See Table 14.

Distribution system for district heating, district cooling and gas
District heating. District heating constitutes approximately 65 per cent of heat

production in the county. The region's district heating networks are being linked
together into one cohesive network – a development that should continue in the
future as well. This way, production plants can be operated concurrently and optimised. Economies of scale reduce operating costs, which means that more customers can be connected. The district heating networks consist of the Southern
system, the Central system, the North-western system and a number of smaller
district heating networks.
District cooling. Stockholm County has the world's largest cohesive network
for the distribution of district cooling, both in terms of the number of customers and the extent of the network. The production of district cooling amounted
to approximately 0.5 TWh in 2007. Demand for comfort cooling in offices
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N

District heating system in
Stockholm County

Hallstavik

Existing and conceivable future areas supplied by district
heating and proposed new connections between the networks. Map from RUFS 2010 Exhibition proposal.

Town gas – natural gas and biogas. Town gas that has to-date been made
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Värta

Årsta
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Nykvarn

Vaxholm
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Lövsta

is experiencing a rising trend, although we have a cold climate. District
cooling entails a significantly lower environmental load than conventional
cooling devices.

Lidingö
Tjustvik

Högdalen
Farsta

Bollmora
Skogås
Huddinge
Machine centre
Drefviken

Norrtälje

from naphtha will be replaced by natural gas and biogas as of 2010. Part of
the old town gas network will be shut down. Other parts of the network will
be renovated and supplemented with a network for vehicle gas that will supply the city's buses and cars with gas. Natural gas is imported in liquid form,
Liquified Natural Gas (LNG) via the port of Nynäshamn.
Today, biogas is produced by anaerobic digestion of sludge from the
county's sewage works. The supply of biogas has been uneven and has not
been able to meet the rising demand, mainly from the transport sector. In
order to be able to further develop the biogas market, the gas deliveries
must be able to be secured. Therefore, natural gas will also be introduced
as a back-up for the biogas. In pace with the increase in the production of
biogas, natural gas consumption can decrease.
Electricity distribution. Nearly all power is imported to the county through

the trunk grid from three directions and is further distributed through the
regional grid. Less than 10 per cent of electricity consumption in the county
is covered by self-produced electricity from co-generation. The production of
wind power in the county is negligible.
Today's power grid in Stockholm is robust and has good delivery reliability, but must be adapted to future demands of being less invasive, more
environmentally considerate and able to handle greater power withdraws.
Demands are also increasing for the networks to become more intelligent
– in other words, for them to be able to handle integration of small-scale
and intermittent power production as well as new technology, such as wind
power and chargeable electrical cars (charge hybrids).
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Challenge 1
Increase the number of renewable energy sources
According to the energy study's targets, the total amount of supplied energy
should decrease by 15 per cent by 2020 and by 25 per cent by 2030. By 2050,
the vision is for the supply to have decreased by 40 per cent.
However, the amount of energy supplied to the county is determined by
the demand for the services that require energy – lighting, heat, transports
and so on. These energy services in turn require electricity, district heating or
fuel of various types.
The energy actors' greatest challenge is to increase the proportion of
renewable energy sources and produce and distribute electricity and heating
as efficiently as possible. The responsibility for the efficiency enhancement
of energy consumption rests on other actors, but the energy companies have
considerable responsibility for distributing knowledge about energy issues
to their customers.
For the county's energy actors, it is a matter of phasing coal out of district heating production, increasing the proportion of waste incineration
so that all waste can be taken care of. The potential that exists for wind

District heating consumption, Stockholm County

Decrease in emission factor
The emission factor for produced district heating is assessed to
change considerably in future decades.
Year

Emission factor (tonnes CO2/MWh)

2006
2020
2030
2050

0.073
0.058
0.028
0.005

power production should also be better utilised. The climate impact that
the energy system will have therefore depends on which production plants
will be in operation, how efficiently they will be utilised and what fuels and
energy sources will be used.

Fuel mix, District heating, Stockholm County
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Figure 14. Used district heating and losses in network and production. See Table 14. Source: Sweco.
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Figure 15. Change of the fuel mix for district heating production in the county.
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Challenge 2
Through energy efficiency improvements in buildings and premises, as well
as a transition to other types of heating, demand for district heating will
decrease, despite a larger population. New buildings constructed will also
be significantly more energy efficient and use other types of heating. Read
more in the Buildings chapter.
The decrease in district heating's emissions of fossil carbon dioxide
depends on three overall changes in the district heating system:
• That coal is phased out by 2030.
• That co-generation from biofuels and waste is added.
• That the fossil share of waste is estimated to decrease – by 15 per cent by
2020 and by 50 per cent by 2030. In 2050, the burnable waste is assumed
not to contain any fossil waste at all.
Co-generation plants that produce electricity and heat simultaneously are
the most efficient way of using the fuel. Although the biofuels are not considered to provide a net addition of carbon dioxide to the atmosphere, they
should be used as efficiently as possible.
However, possible electricity production is in proportion to heat production. Today, the basis for heating in Stockholm County is not used for
electricity production to any considerable extent.
There is also an unutilised potential for electricity production in
Stockholm's district heating system, as well as plans to build co-generation
plants at several places in the county.
In terms of wind power, there are only three wind-power plants in the
region today. However, there are plans to build wind power in 15 locations.
The technical potential is estimated to amount to 12 TWh, of which 1.5 TWh
is at sea. However, the target in the energy study ends up at 1.2 TWh of wind
power by 2020 and 2 TWh by 2030.

Connecting together the district heating networks
Continued integration of the district heating networks in the Stockholm
region provides more efficient utilisation of production plants and fuels. It
also contributes to a more efficient energy market and lower costs for the
heating customers.

Challenge 3
Develop production and distribution of district cooling
Demand for comfort cooling in the region is steadily increasing. Stockholm
has good conditions for district cooling production through the supply of
free cooling in Stockholm's bays and in Lake Mälaren, as well as considerable empirical knowledge in the area.

Challenge 4
Utilising the basis for heating better
Co-generated production is currently limited in the region's district heating system. The large heating basis that district heating constitutes should be better utilised for simultaneous production of electricity and heat in co-generation plants. The fuel's energy content is thereby better utilised and emissions
are minimised in terms of the amount of energy utilised. Within the Nordic
power system, coal power is used on the margins. Electricity production with
renewable fuels or waste within the region thereby also contributes to reducing production in coal power plants in other parts of the electricity market.

Challenge 5
Build intelligent and robust power grids
Adapt the power grids in the region so that they are able to handle a larger
proportion of small-scale and intermittent power production, such as wind
power, the introduction of electrical cars and new technology for better
control of consumer electricity consumption. The networks not only need to
become more intelligent, but also more robust. Capacity should be reinforce in
order to handle higher power withdrawals. Furthermore, ring feeders should
be developed and cables buried in order to reduce vulnerability in the system.
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Challenge 6
Increase the degree of self-supply of energy in rural areas
In the region's more sparsely populated areas, efforts should be made to
increase the degree of self-supplied energy from biomass, sun and wind.
This would contribute both to reducing the climate impact and to increasing
robustness. The archipelago in particular has favourable conditions in terms
of hours of sun and wind. In agriculture and forestry, there are possibilities
of higher extraction of biofuels and production of biogas.

Challenge 7
Build infrastructure for biogas
Biogas is very advantageous from an environmental perspective as an
alternative fuel in heavy vehicles, such as buses and garbage trucks, which
are unlikely to be run on electricity. In order to utilise energy resources in
sludge and food waste to a greater extent, the entire infrastructure must
be overhauled (read more in the Waste chapter), but it is also important
that biogas be made available at filling stations in more locations in the
county and that the supply of gas can be secured, which is done through a
back-up of natural gas.

be placed. A dialogue must be conducted with all stakeholders, from homeowners to decision-making bodies. It is, after all, in the best interest of the
county to create conditions so that coal can be phased out.
The transition to renewable fuels – the first and second generation – also
means that growing volumes of liquid fuels will be handled in the county in
the next few decades. The public actors, primarily regional and municipal
together with fuel companies, must ensure that existing facilities for the
handling of liquid fuel with connections to a port remain within the county.
Alternative depots outside the county would entail a significant increase in
transports by road tanker. The closure of depot capacity in the regions should
occur only after non-liquid fuels have had a break-through on the market.
In terms of wind power, the Swedish Energy Agency has an assignment to
prepare a national planning objective for wind power by 2020. However, from
a regional perspective, different actors in the region – municipalities, power
companies, electricity grid owners and other stakeholders such as homeowners associations and local nature preservation societies – should also conduct
a dialogue on how the production of wind power could increase.
In consultation with the public actors, energy companies – municipal,
national and private –should review the possibilities of generally improving the efficiency of the infrastructure and distribution of energy in order to
achieve a safe and environmentally friendly energy supply for all areas of the
Stockholm region.

Public sector responsibility
From a regional perspective, it is strategically crucial that public and private
actors cooperate in order to create conditions so that the energy and climate
policy targets can be achieved.
The fuels used in Stockholm's energy and transport system are purchased
from around the world – and imported through various ports and terminals.
Further transport is made by rail or lorry. The logistics system is therefore
important for supplying the county with biofuels in the future, including
the planned expansion of co-generation. The development of the ports must
ensure that they can receive the amount of energy needed in the region.
In order to enable higher consumption of wood fuels, more capacity is
also needed in terminals, transshipment terminals and buffer warehousing. In order to create conditions for this, it is important that the county
administrative board, the county council, the municipalities and the district
heating companies carry on a dialogue regarding where the terminals can

The Stockholm region
2050: the energy sector
In 2050, energy consumption will have
decreased by 40 per cent compared
with 2006. Annual consumption will
have decreased from 55 TWh to 33
TWh, although the population will
have increased by 40 per cent – from
2 million to 2.8 million. During the same
period, emission of greenhouse gases will
have decreased to one-fifth of the emissions of 2006.
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What measures do the most good from a regional perspective?
Assessment of which measures should be undertaken to achieve the targets.
The measures are evaluated based on economic benefit, how they contribute to goal fulfilment and implementability.
best / highest / easiest

average

worst / lowest / hardest

For the economy

For goal fulfilment

Better utilisation of the heating basis for co-generated
production based on biofuels or waste
Establishment of buffer stock for biofuels in the region
Higher utilisation of available burnable waste in the region
Reducing the proportion of fossil energy in district heating
(minimisation of oil consumption as peak-load fuel, phaseout of coal for co-generated production)
Heat pumps in the district heating system phased out on
the long term
Wind power expanding to a reasonable potential in the county
Expansion of the district heating system to new subscribers
The assessments are conducted in the scope of the energy study by experts in the energy field and the various sectors of society.

For implementability
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The Hammarby Sjöstad district has its own
ecocycle model for integrating energy, waste
and water management in the district.
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Domestic sector
The domestic sector accounts for 60 per cent of the county's
energy needs. Two million inhabitants and a significant service
sector means many homes and office premises.
The efficiency of the sector's energy consumption has been
strongly improved in the past 25 years. District heating and
electricity have increased at the expense of oil. However, in
order to achieve the energy study's targets, additional measures are needed. Besides increasing knowledge in general,
active collaboration is needed so that the necessary changes
will also be profitable for the parties involved.
The challenges that can be mentioned include phasing out
both oil and direct-acting electricity, improving the energy
efficiency of the existing property stock and building energyefficient passive buildings.

Domestic sector, emissions
Million tonnes and tonnes, resp.
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Targets for the domestic sector
The domestic sector's energy consumption is barely 30 TWh. Emissions of
carbon dioxide are 3.9 million tonnes of carbon-dioxide equivalents (figures
from 2006). The targets for the sector is for energy consumption to decrease
by 25 per cent by 2030 compared with 2006 and for emissions of greenhouse gases to be cut in half during the same period.

Domestic sector, energy consumption
TWh and kWh 000s, resp.
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Figure 16. Target for energy consumption – total and per capita. See the sector "Built environment
and service" in Table 8.
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Total (million tonnes of CO2 equiv.)
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Figure 17. Target for emissions – total and per capita. See the sector "Built environment and
service" in Table 9.

What characterises the domestic sector?
Stockholm County is home to 2 million people. The region is characterised
by very dense development in places in the city centres, as well as more
sparse development in suburban areas. Here, there are also purely rural
areas in the countryside close to metropolitan areas and in the archipelago.
The size of the population means that there is a large number of homes
and a relatively large proportion of apartment buildings. However, the
residential area per person is lower here than in the country as a whole.
The region has a large service sector and a relatively small industrial sector,
which entails a large proportion of offices and other premises, but a smaller
share of industrial buildings.
This means that the domestic sector's share of energy consumption is
larger in the Stockholm region than the rest of Sweden. In Stockholm County,
the domestic sector accounts for 60 per cent of the demand for energy. On a
national level, the domestic sector's share is 40 per cent. The county's dense
development also creates the conditions for an efficient energy supply. Energy
consumption per resident is 65 per cent of the energy per resident calculated
for the entire country.
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What is the energy used for?

Greater collaboration and more knowledge is needed

The domestic sector (Built environment and service) accounts for barely
60 per cent of the county's total energy consumption. The domestic sector
includes homes, offices and commercial premises, light industry, public
administration, street lighting, sewage, waterworks, etc. In other words, all
energy consumption that is not connected to the county's transports, manufacturing industry or area-dependent enterprises.

In order to achieve the targets of lower energy consumption and a halving
of carbon-dioxide emissions by 2030 at the same time that the population is
growing in the region, a concentrated effort by all actors is necessary.
No measures are actually technically complicated or practically impossible to implement. However, the domestic sector cannot be treated as if it
were uniform. Single-family houses, apartment buildings and commercial
premises are different – and different kinds of measures are required for
the various buildings. The conditions for new construction are also completely different than for renovations of existing buildings. All buildings can
be efficiency enhanced and there are alternative possibilities for equipping
the entire domestic sector with renewable energy. The largest limiting factor
is that it is costly, but also that multiple actors must collaborate in order
for the measures that are necessary to also be profitable. Sometimes, it is
primarily knowledge that is missing.
Heating and operation of homes and premises account for a significant
share of the energy consumption in the region. Although emissions of
carbon dioxide and other air pollutants have decreased through efficiency
enhancements and a transition to electricity, district heating and biofuel,
there is still a great deal to do. Oil still accounts for just over one tenth of
the heating, many buildings have direct-acting electricity and one-fifth of
district heating is produced with fossil fuels. The growing use of heat pumps
contributes to reducing demand for district heating.

Current status
Decreased oil consumption, more district heating
and electricity
The efficiency of the sector's energy consumption has been strongly improved
in the past 25 years. Oil consumption has decreased and has been replaced by
district heating and electricity. District heating, which is primarily produced
with biofuels and waste, accounts for nearly 65 per cent of the heating needs in
the region. Through the expansion of district heating, the emissions of air pollutants from individual boilers in buildings have also decreased. One-fourth of
the heating needs are covered by electricity.
Electricity is extensively used to heat small buildings. This is because
electrical heating is inexpensive to install and easy to handle. As electricity prices have risen, electric heating has been combined with other types
of heating. Above all, the use of heat pumps has increased markedly. Pellet
boilers have also increased in recent years as a supplement to existing
heating systems – electric or oil.

Domestic sector, Energy consumption
Electrical power and light 40%

Processing machines 1%

District heating 37%

Heat 22%

Figure 18. Energy consumption of the domestic sector is divided into four areas. Heat is energy for
individual heating, including electrical heat and process heat in industry. District heating accounts
for the rest of the heating needs. Electrical power and light comprise the electrical energy used for
mechanical work, lighting or electrical devices. See Table 10.

Energy-oriented urban planning
It is not enough to just consider the possibilities in individual buildings or
operations. The need for housing and service is determined by the population trend. A larger population also creates opportunities to organise
society in a more energy-efficient manner with effective urban planning and
less need for travel and transports, such as through well-developed public
transport and an efficient road system. In other words, the social structure
in general needs to support development towards more efficient resource
utilisation and less climate impact. It is therefore important for the city and
urban planning to have efficient energy utilisation on its agenda. A coordinated urban development in the region that can use efficient technical
systems and is close to public transport is crucial. More dense development
and new dense structures must be strived for.
New construction must primarily be added within or in direct connection with existing urban settlements. The buildings' location factor, vegetation's heat-balancing effect and the inherent placement between buildings
are also of significance.
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Challenge 1
Energy efficiency enhancement of the existing
building stock
Buildings generally have very long lifetimes, which means that the turnover rate is low. This means that the majority of the buildings we have in
Stockholm today will also still be there in 2030. Every additional building
provides an increase in energy consumption even if the building itself is
very energy efficient. A decrease in energy consumption in absolute figures
will only take place through measures addressing current development.
The major challenge is therefore to enhance the efficiency of the energy
consumption in the existing building stock.
The energy consumption in a building is determined by the heat leakage
through the climate shell and through the operations that take place in the
building. Older buildings are generally less efficient than newer buildings.
The measures that are possible for improving the efficiency of the energy
consumption can differ significantly in terms of costs or effort for the
measure. Adjusting a wrongly set system for heating and ventilation is not
expensive; it is primarily a matter of knowledge and motivation. However,
replacing all windows or supplementally insulating the façade is very difficult to motivate economically based solely on the energy saved.

age distribution by building type, Stockholm County
sq.m. 000s

20,000
18,000
16,000
14,000
12,000
10,000
8,000
6,000
4,000
2,000
0

<1600 1600- 1700- 1800- 1900- 1910- 1920- 1930- 1940- 1950- 1960- 1970- 1980- 1990- 2000		
1699 1799 1899 1909 1919 1929 1939 1949 1959 1969 1979 1989 1999 2008

Single-family houses

Apartment buildings

Industrial premises

Figure 19. In the 1960s, mostly apartment buildings were built while the 1970s were characterised
by single-family homes and industrial premises. This compilation is based on the number of existing
square metres, sorted by new construction years. Source: Sweco.

How efficiency of energy consumption in existing buildings
can be enhanced
• Generate incentive so that every renovation occasion is used to
reduce energy leakage from the building, insulate the attic, switch
to energy-efficient windows, supplementally insulate the walls and
improve insulation.
• Increase knowledge through targeted information so that the operation of heating, cooling and ventilation in the building are optimised.
• Choose energy efficient equipment and devices. More efficient lighting.
• Make use of completed energy declarations.
• More focus on energy issues, more knowledge and active management.
• Review the incentive structures. Who makes the decisions – and who pays?

To make a return on necessary investments financially justified, every
renovation opportunity must be utilised to take advantage of the times that
work will nonetheless be done in the building. However, this does not always
suffice. In order for the motivation to be right, those who pay for the energy
must also be able to influence the energy consumption and vice versa.
This is not the case, for example, when the cost for energy is included
in the rent. The average energy consumption is lower for single-family
homes than for apartment buildings, 140 kWh/sq.m. compared with 170
kWh/sq.m., which is mainly attributed to the homeowner personally paying for the energy he or she consumes, which encourages energy efficiency
enhancement.
Another important measure for enhancing the efficiency of energy
consumption is to optimise the operation of heating, cooling and ventilation
in the buildings. In general, more knowledge and active management are
needed to achieve the targets of more efficient energy consumption in buildings. This is true of both single-family homes and apartment buildings.
The existing apartment buildings in the region are extensively located
in the "Million Programme", i.e. apartment buildings built in Stockholm
between 1965 and 1975. These buildings are now facing extensive renovations,
which also provides the opportunity of significantly enhancing the efficiency
of energy consumption. Investments already made show that the need for
energy can be reduced to below 100 kWh/sq.m., which means a halving compared with today's energy consumption. By 2030, further energy savings can
be made in the 5 million square metres of apartment buildings that were built
between 1976-1989.
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Challenge 2
Reduce energy consumption with passive buildings
By 2030, the population of Stockholm County is estimated to increase by
0.4 million to a total of 2.4 million. This in turn leads to more need for
residential space on an order of 20 million square metres. The number of
premises for public service and other premises is estimated to increase on
the same scale.
In order to achieve the energy study's energy and climate targets in the
domestic sector, the energy requirements must gradually be raised for the
new buildings built in the region. Today, there is already knowledge and a
lot of experience in constructing very energy efficient buildings with good

Energy consumption in buildings
The average need for heating for single-family homes in Stockholm
County is 140 kWh/sq.m. and 170 kWh/sq.m. for apartment buildings.
The older buildings have 50-100 per cent higher energy consumption
per square metre than newly built buildings. The single-family homes
built today have an energy consumption of 100 kWh/sq.m. while new
apartment buildings are at 150kWh/sq.m. Passive building standards will
increasingly be introduced. After 2020, all new buildings built will be
passive buildings – with an energy use of a maximum of 25 kWh/sq.m.
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Challenge 3
More efficient lighting
One-fifth of the electricity consumption in the domestic sector goes to lighting.
In Stockholm County, this corresponds to 2.3 TWh per year. Of this, 80 per
cent is estimated to be able to be saved with more efficient fittings and light
sources. By replacing conventional street lighting with metal-halogen lamps,
the electricity consumption for street lighting can be lowered by 60 per cent.

Challenge 4
Phase out oil and direct-acting electricity

Energy consumption in buildings

Single-family houses

indoor climates, so-called passive buildings. These buildings are characterised by hardly requiring any heating at all, only when it is very cold outside.
The energy consumption in passive buildings corresponds to only 20-25 per
cent of the energy consumption in newly built conventional buildings.
The requirements on new buildings should gradually be raised until
2020 so that they then reach the standard for passive buildings, i.e. do not
consume more than 25 kWh/sq.m. and year. Thereafter, all new buildings
should be passive buildings.

Passive buildings

In the county, slightly more than 2 TWh of oil is still used for heating, of
which 1.5 TWh is in apartment buildings and premises and 0.6 TWh is in
single-family homes. In apartment buildings and premises, all oil should
be replaced by other energy solutions by 2020. For single-family houses, it
will take more time, up to 2030. The oil is expected to be replaced by district
heating, pellet boilers and heat pumps. With regard to apartment buildings
and commercial premises, heat pumps will mainly be combined with energy
storage. In general, it is easier to convert to a new heating system if the existing heating system in the building is waterborne.
Most single-family houses built since the beginning of the 1980s are heated by electricity. Electricity consumption of single-family homes for heating
amounts to 4 TWh, of which one-fourth is used in heat pumps. Approximately
half of the electrically heated buildings have direct-acting electricity.
In 2030, no single-family houses should be heated solely by electricity. The
buildings that have not converted to district heating or pellets can be supplemented with air heat pumps – which cut electricity consumption in half.
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Challenge 5
Own production of energy
By planning new residential areas taking solar and wind conditions into account, they can be more or less self-sufficient for electricity and heat. Today,
solar collectors for heat production can already be financially profitable if
the location and implementation are right. However, solar cells for electricity
production need to be further developed to become more profitable.

There are possibilities for tenant owners' associations and single-family
homeowners to go together to obtain economies of scale in their own wind
power plants. Above all, it is appropriate for small production facilities to be
installed in more sparsely populated areas of the county, especially in the
municipalities of the archipelago.

What measures do the most good from a regional perspective?
What measures do the most good from a regional perspective?

Assessment of which measures should be undertaken to achieve the targets.
The measures are evaluated based on economic benefit, how they contribute to goal fulfilment and implementability.
best / highest / easiest

average

worst / lowest / hardest

For the economy

For goal fulfilment

Energy efficiency enhancement in connection with renovation
of existing building stock
New buildings are passive buildings or low-energy buildings
Phasing out oil and direct-acting electricity for the heating
of buildings
Optimised operation of the buildings – e.g. lighting,
ventilation, heating
Visualise energy consumption and provide clearer price
signals for more efficient energy consumption
Energy efficient urban development – collaboration among
contractors and consultants
Own production of energy (solar panels, PV cells and smallscale wind power) and utilisation of free energy through
thermal energy storage
The assessments are conducted in the scope of the energy study by experts in the energy field and the various sectors of society.

For implementability
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Public sector responsibility
There is a large and economically profitable energy efficiency potential in the
domestic sector. A fraction of the building stock has been improved and there
are many good examples of buildings with low-energy technology.
For the public sector in Stockholm County, it is very important to use the
possibilities that are available for influencing developers and contractors.
for instance, by applying energy and climate efficient solutions in the public
property stock – which can serve as good demonstration projects – and
through collaboration platforms for experiential exchange between the various actors of the region.
Property owners are a heterogeneous group and different efforts are
needed for various types of owners. The fact that conditions and know
ledge varies between them must be taken into account in the formulation
of control measures and information. National or municipal funding for the
training of caretakers and operational personnel is very important. Several
studies have shown that the lack of expertise and information is a key factor
for why the energy performance of buildings is not better.
Improving the energy performance of the county's buildings is of major
importance. However, it is not rational to renovate newly built buildings to
improve the property's energy performance. These measures should be done
when the building needs a general facelift, such as a facade renovation or
new windows. Support for larger renovations should be provided.
In general, it is also important for the public infrastructure, such as
street lighting, to be energy efficient.
Green buildings. International case studies show that there are major

benefits of green and energy efficient buildings. Important added value
includes satisfied customers, a strong image, better control of the buildings
and being prepared for the future requirements anticipated with regard to
legislation, rising energy prices and requirements from tenants. Today, the
strongest driving forces are for the commercial rental market, but a significant number of benefits are also relative to property owners that manage
residential properties. However, the possibilities of higher rental revenues
are not yet a driver for building energy efficient buildings in Sweden, not
even in downtown Stockholm.

There is currently no uniform standard for environmental classification. If a
definition is prepared for "green buildings", it would be easier to study profitability aspects for various actors. The Stockholm region could contribute to
pushing this issue as a part of its vision to create an attractive metropolitan
region – such as in the public procurement of premises, directives to publicly
owned property companies and competitions to prioritise and further motivate the pioneers and spread good examples.
Today, the spontaneous driving forces are in new construction and
commercial premises, mainly because of the possibility of profiling and
marketing. New knowledge and expertise are also important to be spread
to the actors that are responsible for the operation and renovation of the
existing stock.

The Stockholm region
2050: the domestic sector
In 2050, all new buildings built in the past
decades will have been passive buildings.
Large parts of the older building stock will
have been renovated, including those built
in the 1990s. Through improved climate
shells, better heat recovery and adaptation
of ventilation systems, the need for heating
will have been cut in half. Solar heat will be well
developed and solar cells will have had a technical break-through.
	New energy technologies will be integrated into buildings. This
will include intelligent windows, integrated solar cells, active control
of homes and commercial premises, lighting with fibre optics and
reflective technology. Electricity consumption, for purposes other
than heating and lighting, will be cut in half.
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The proportion of travel made
by public transport is high in the
county. One out of four journeys
are made by bus, underground,
commuter rail or other rail traffic.

Photo: Stockholm Södra Glory
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Transport
The transport sector accounts for 40 per cent of the greenhouse gas
emissions in the county. Although the proportion of public transport
is high nationally, the car is the most common means of transport.
Since the region is growing, both in terms of population and economically, the need for road transports grows every year. In order to
achieve the energy study's targets, it is not enough to replace petrol
and diesel with electricity and renewable fuels. Technical development cannot compensate for the increase in traffic on its own –
although cleaner and more efficient vehicles will be introduced. The
transports must simply be made more efficient – and unnecessary
transports must be eliminated.
The transport solutions must therefore be seen in a broader social
perspective. It is a question, for instance, of attitude changes, economic/political policy instruments, more interest in public transport
and altered urban planning.

Transport, energy consumption
TWh and kWh 000s, resp.
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Targets for the transport sector
The total energy consumption in the sector is 15 TWh (2006). The target for the
transport sector is for energy consumption to decrease by 20 per cent, from 15
TWh to 12 TWh between 2006 and 2030. During the same period, the emissions
of carbon dioxide should decrease by 65 per cent, from 3.4 million tonnes carbon
dioxide per year to 1.2 million tonnes.

What characterises the transport sector?
The region's large population, and dense development in large areas, means that
the conditions for public transport solutions are very good. The offering is large
and the cost is lower than in the rest of the country.
Despite an efficient public transport system, cars are the most common means
of transport, almost regardless of the journey's distance and purpose. In the
county, nearly half of all travel is by car and it is mainly men who account for
car travel. Business transports account for one-fifth of all road transports in the
county, which is a higher proportion than for the country as a whole.
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Per capita (kWh 000s)

Figure 20. Target for energy consumption – total and per capita. See the sector "Transport"
in Table 8.

Transport, emissions
Million tonnes and tonnes, resp.

4.0
3.5
3.0
2.5
2.0
1.5
1.0
0.5

What is the energy used for?
The transport sector's energy consumption is barely one-third of Stockholm
County's total energy consumption, but the sector still accounts for 40 per cent
of carbon dioxide emissions. This is because the fuels are primarily fossil fuels –
petrol and diesel. Road traffic (all types of transport) account for 85 per cent of
the transport sector's collective emissions.
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Figure 21. Target for emissions – total and per capita. See the sector "Transport" in Table 9.
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Means of transport in Stockholm County
Walking 23%

Car 47%
Bicycle 5%

Public transport 25%

Figure 22. Means of transport in Stockholm County. Divided by number of journeys.
Source: Framtidens transportsystem, RTK [Transport systems of the future, Office of Regional Planning].

Current status
Hub in the national road system
Stockholm is the hub in the national road system with three Europe motorways as approaches and thoroughfares. They constitute important connections with all of mid-Sweden and tie together Stockholm with large cities in
the region. Car traffic is constantly growing as a result of population growth
and economic development. The on-going regional expansion also leads to
more car travel and a strong increase in the number of goods transports.
Stockholm is Sweden's largest consumer market and one of the largest
goods producing regions. The majority of the transports take place by lorry.

Energy and climate strategy of Stockholm Public Transport (SL)
Measures within the framework of AB Storstockholms Lokaltrafik's (SL)
energy and climate strategy are to continue operating rail traffic with
electricity from renewable energy sources. At least half of the buses
should be run on high-quality renewable fuels. Newly purchased buses
should contain the best possible technology for the reduction of particles, nitrogen oxide and noise. SL should also work to secure the deliveries of high-quality, renewable fuels and for these to be produced in
a long-term sustainable manner. SL's long-term environmental targets
mean that all bus traffic will be run on renewable fuels by 2025.

Road traffic is increasing faster than the offering of new roads. This leads to
congestion and limited accessibility. The problems are largest in rush-hour
traffic. The system is harshly used and very vulnerable.
Currently the railway system has a limited capacity due to the bottleneck
of central Stockholm. Disruptions in Stockholm can also have an effect on
national rail traffic.
Stockholmers travel by public transport to a significantly higher extent
than in the rest of the country – one out of four trips in the county are made
with public transport. In recent years, congestion tax has also contributed to
reducing the traffic load on the inner city. In spite of this, there are still large
problems with environmental disruptions, congestion and accidents. Developing the transport system while at the same time reducing its climate impact is
a huge challenge. A continued population increase and economic growth must
be able to be combined with improvements in the environment and health as
well as a reduced impact on the climate.
On an average weekday, a total of five million journeys are made in
Stockholm County. In the past 30-year period, the number of journeys has
increased faster than the population growth. The number of journeys per
person has increased and the journeys have become longer. The transport
work amounts to approximately 60 million passenger kilometres (2007).
Most travel takes place by car.
Above all, there are four overall factors that affect the energy consumption and climate impact of the transports:
• The vehicle's technical performance
• What fuel is used
• The distance driven
• The individual driver's driving style
In order to achieve the regional targets, many different measures must be
combined, in other words: more efficient use of the transport system, welldeveloped public transport (including efficient transfers), carpools with environmentally friendly vehicles, efforts to facilitate short-distance travel by
foot and bicycle (as well as in combination with public transport), significant
investments in new infrastructure, efficient systems for goods handling and
supply as well as conscious settlement planning.

Fossil fuels replaced by renewable fuels
To achieve the energy study's energy and climate targets, the fossil fuels
must be phased out and replaced by renewable fuels and electric cars.
Electric cars and renewable diesel will become dominant in the future according to today's estimates. The nature and efficiency of these technologies
together with the infrastructure that exists in the Stockholm region provide
good conditions for an introduction on a large scale. Biogas will primarily be
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used in local traffic and for short-distance transports with smaller lorries.
Today's ethanol, based on grain and sugar cane, is viewed as a transitional
fuel that in the long term is expected to be replaced by lignocellulose-based
ethanol. Renewable diesel will hopefully become sufficiently cost-effective
on the long term for production on a large scale.

Challenge 1
Reduce reliance on fossil fuels
One of the largest challenges in the climate work is to reduce the transport
sector's reliance on fossil fuels. With its dense metropolitan structure,
Stockholm could take on the challenge of combining regional expansion
with reduced demand for transports for individuals in daily activities and
an energy-efficient, fossil-free public transport.
The region's relatively fast replacement rate of the vehicle fleet and the
good supply of public transport enables a large-scale introduction of energyefficient green vehicles. It is also important to ensure that there is a readily
accessible range of fuels.
On the short and medium term (2020), there is no clear solution as to
which fuel should be used. In order to break the dependence on fossil fuels
and develop new vehicle technologies, several different alternatives must
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Figure 23. Energy consumption in the transport sector by fuel. See Table 18.

2050
Renewable diesel

be tried. For heavy transports, biogas and biodiesel are alternatives to conventional diesel. For cars, the vision is electric hybrids with a development
towards pure electric cars. It will, however, take time for the electric cars to
reach a sufficient state of development to be able to account for the majority
of the vehicle fleet. Until then, the solution is more efficient cars and alternative fuels – such as biogas, biodiesel and ethanol – that can be produced
with methods sustainable on the long term.
The best biofuels, such as biogas from anaerobic digestion, have very small
emissions of climate gases. The potential for these fuels is relative small,
however. Other fuels from biomass will be necessary to achieve the targets for
2030. These fuels may consist of an increase in already existing fuels (ethanol, rapeseed methyl ester [RME] or another fatty acid methyl ester [FAME])
or new types of fuels (FT diesel, methanol, dimethyl ether [DME]). Biofuels
are still expensive to produce. With current knowledge, the assessment is
therefore that the production of biofuel and consumption in the vehicle sector will be limited to the targets in the EU renewable energy directive. This
means that around 10 per cent of the fuels will be biofuels by 2020. The oil
price trend and the control means applied are also crucial.

Challenge 2
Influencing the demand for travel
Population growth combined with economic growth entails a continuously
rising demand for transports. Road transports are also increasing at a faster
pace than other transports. Despite the environmental debate in general
and the climate debate in particular, there are no or few signs that the
demand for travel and transports will decrease. Technical development cannot compensate for the traffic increase and emissions therefore continue to
increase. The transport solutions must therefore be reviewed from a broader
social perspective.
Besides eliminating unnecessary travel, the key issues are increasing the
efficiency of transports through better logistics, groupage, higher load factor,
routing, etc. in parallel with increasing the proportion of renewable fuels.
More knowledge and changes in behaviour among the public, municipalities,
authorities and companies are also important.
The greatest effect on demand comes from measures that affect the
cost of owning and driving cars and other vehicles – both in passenger and
goods traffic. Travel time also has a major effect on demand. If bicycling and
public transport offer competitive travel times, these types of traffic also
have large market shares. This means that investments made with the aim
of shortening the total travel time for other means of travel limit the rate of
increase of car traffic.
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Challenge 4
According to estimates in the work with RUFS 2010, emissions from road
traffic in the county may increase on an order of 250 per cent by 2050 if
travel behaviour does not change and no policy instruments are applied to
limit traffic. A break in the trend is needed as soon as possible. The socalled Cederschiöld agreement sets out a desired reduction of CO2 emissions
from the transport sector by 30 per cent until 2030 in the Stockholm region.

How more efficient and more sustainable transport systems
can be created
• By urban planning promoting an urban structure that reduces
demand for travel and travel easily taking place by walking, cycling
or taking public transport.
• By supporting the on-going transition to renewable fuels. During
the period until 2020, use will be dominated by FAME (biodiesel)
and ethanol in terms of volume.
• By utilising the potential for reducing energy consumption in vehicles. Today, there are already cars that consume less than 0.05 litres
of petrol or diesel per kilometre. The average energy consumption
of the vehicle fleet is significantly higher.

Rapid introduction of cleaner and more efficient vehicles
Technical development means that engines and the propulsion of vehicles
in general are becoming increasingly more efficient. By 2020, the internal
combustion engine is assumed to have become 20 per cent more energy
efficient on average. The corresponding improvement by 2030 is estimated
to be 30 per cent. No major progress in technical development will be
required, but rather that the vehicle fleet is replaced by cars with a lower
energy consumption. Through continued research and development in the
field, the efficiency of the vehicle fleet can be further enhanced. Today, there
are already diesel cars that consume 0.04 litres of diesel per kilometre. If
the entire vehicle fleet had this consumption on average, the energy and
climate targets would already have been met.
Electric cars are assumed to be introduced in the near future, but these
vehicles are still relatively immature although the electric motor itself is
well-developed. What primarily remains is to optimise the cars with regard
to the batteries and during charging.

Technical development and efficiency
enhancement of engine operation
%

0

Challenge 3
Increase interest in public transport
The number of vehicles and the demand for transports will continue to
increase and efficiency enhancements of the vehicles and a conversion to renewable fuels are not enough to achieve the climate targets in the transport
sector. In order to be able to break the trend, more well-developed public
transport, attitude changes, changes in urban planning and information
to the residents of Stockholm County are needed. Strong policy instruments
will also be necessary to reduce car travel in general. In order to achieve the
targets, the average driving distance for each individual vehicle is assumed to
not increase in the future.
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Figure 24. Technical development for vehicles. More efficient engines consume less fuel and contribute to lower energy consumption.
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What measures do the most good from a regional perspective?
Assessment of which measures should be undertaken to achieve the targets.
The measures are evaluated based on economic benefit, how they contribute to goal fulfilment and implementability.

What measures do the most good from a regional perspective?
best / highest / easiest

average

worst / lowest / hardest

For the economy

For goal fulfilment

For implementability

Trend break for transport patterns and travel
Improved vehicle performance, introduction of electric cars
Conversion of vehicle fleet
Availability of renewable fuel and charging stations for
electric vehicles
The assessments are conducted in the scope of the energy study by experts in the energy field and the various sectors of society.

Public sector responsibility
The state plays an important role through taxes, policy regulations and fees
– which affect both the manufacture and use of vehicles. The county council
plays an important role as the principal for public transport and regional
development planning. Regional coordination as well as collaboration with
other metropolitan regions are very important if the various measures in the
transport sector are to have a real effect.
The transport sector is the most difficult to handle in order to reduce
greenhouse gas emissions and energy consumption. Five measures are crucial to successfully phase out fossil fuels:
Break the trends in travel habits. Design the urban structures in a long-

term manner that contributes to reducing the overall need for transports,
particularly transports by car. This is a question of good quality public transport and inhanced bicycle traffic as well as more efficient logistics for the supply
of goods. In order to achieve this, economic policy instruments are needed
combined with information and a climate smart urban structure that takes
advantage of synergy effects.

Provide well-developed and attractive public transport. Increase travel

with public transport by focusing on a good service frequency, smooth
transfers, safety and security as well as more connections across the main
lines. Environmentally friendly public transport provides lower energy
expenditure and contributes to a sustainable development of the Stockholm
region in climate terms.
Access to new fuels and electricity for transport. Simplify the permit
processes and enable vehicle owners to make an informed choice on an
equal basis.
More energy-efficient vehicle fleet. Guide the public actors' vehicle use –

through procurement – to the most efficient and environmentally friendly
alternatives. Combined with this, take the initiative to technology-neutral
technical procurement of particularly energy-efficient vehicles. This is an
excellent way of using tax funds to generate demand for electric and environmentally classed cars and jobs – and to participate in the construction
of a sustainable society. The public sector can also join car pools. Stimulus
measures to get residents to switch to more efficient models, which has occurred, for example, through an exemption from congestion tax.
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Faster introduction of biofuels and alternative fuels. Collaborate with
energy actors in the region to drive development and construction of energy
combinations that produce fuel from gasified biomass. It is necessary to
establish cooperative structures that allow the production of new sorts of
fuels in the region –as well as to stimulate the expansion of production capacity for biogas. Here too, the county council and municipalities may have a role
to play with regard to the infrastructure in the form of regional networks and
the like. Support is required for refinement plants for biogas in rural areas.
It is important that the policy instruments are technology-neutral and
designed so that they lead to system efficiency in all stages, from behaviour
and infrastructure to vehicles and fuel.

The Stockholm region 2050:
the transport sector
In 2050, vehicles will be significantly more efficient – at least 50 per cent better than in 2010.
Fossil fuels will no longer be used. Electric cars
will account for more than half of the vehicle
fleet (65%). The other vehicles will be run with
the second generation renewable fuels, mainly
renewable diesel and a small proportion of biogas. Biogas will be used mostly for short-distance
transports in lorries. Although car travel continues to grow, emissions of
carbon dioxide will have decreased by 90 per cent, from 3.4 to 0.4 million tonnes of carbon dioxide. Rail-bound technology will also be more
efficient – and thereby compensate for the increased transports.
	One of the most important changes is that public transport will be
the prioritised choice for daily transports in the county. It will take significantly less time to take the commuter train or the biogas-driven bus to
work than to drive a car. This is because of more efficient urban planning
where more consideration is taken to people's living situation in daily
activities – so that the entire life puzzle functions smoother in terms of
pure logistics. In addition, the infrastructure will be developed in a manner that makes it possible for the residents to find flexible solutions for
their individual needs. Goods transports will also be more efficient. It will
be completely natural for the various freight companies to coordinate their
transports through common transshipment centres.

Transports
Transport
Facts 41
��

AstraZeneca's facility in Gärtuna,
Södertälje is the world's largest
tablet factory.

Photo: Kontrast Foto
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Industry
Industrial operations account for 12 per cent of the energy consumption in the county. The sector's proportion of greenhouse
gas emissions is 10 per cent. The energy, mainly electricity, is
used for lighting and the operation of machines.
In order to achieve the energy study's targets, industry
should continue its work on energy efficiency enhancement
and the recovery of heat and cooling. For the industrial sector's
heating, oil can be replaced by district heating and biofuels.

Industry, emissions
Million tonnes and tonnes, resp.
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Targets for the industrial sector
Energy consumption in the industrial sector amounts to 6.5 TWh and the emissions of carbon dioxide are barely 1 million tonnes (figures from 2006). The objective is for industry's energy consumption to decrease by 25 per cent by 2020
and by 35 per cent by 2030. At the same time, carbon dioxide emissions should
decrease by 40 and 60 per cent, respectively, during the same time period.
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Figure 26. Target for emissions – total and per capita. See the sector "Industry" in Table 9.

Industry, energy consumption
TWh and kWh 000s, resp.

What characterises the industrial sector?

7

A large part of Stockholm's enterprise consists of service operations (whose
energy consumption is described in the Domestic sector chapter). The absence of energy-intensive industry means that the industrial sector's share
of energy consumption and greenhouse gas emissions is relatively modest.
The industry that exists in the county accounts for 12 per cent of the county's energy consumption and 10 per cent of the greenhouse gas emissions.
Industry still uses some oil for process heat and heating, which contributes
to the carbon dioxide emissions. The total carbon dioxide emissions for the
industrial sector amount to 0.8 million tonnes of CO2.
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Figure 25. Target for energy consumption – total and per capita. See the sector "Industry" in Table 8.

What is the energy used for?
Within industry, electricity and fuel are used for the operation of machinery
and processes, lighting and heating. Electricity consumption accounts for
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Industry's energy consumption, type of energy
approximately 60 per cent of industrial energy consumption. District heating accounts for one-tenth of the industrial energy consumption. Besides oil,
wood fuels are also used, mainly in the Hallsta paper mill.

Diesel 5%
Fuel oil 1
3%
Fuel oil 2-5
8%

Current status

Electricity 62%

Small manufacturing industry
The general trend is for manufacturing industry to move out from the
region and be replaced by offices and service companies. There is also
not much heavy or energy-intensive industry in the county. Among large
industries in the county are Holmen Paper mill in Norrtälje, Scania
and AstraZeneca in Södertälje and Nynäs Petroleum's/Nynas refineries in Nynäshamn. Otherwise, there are some smaller industries spread
throughout the county.

LPG 1%
Wood fuel 4%
Other 8%
District heating 8%

Industry's energy consumption, Areas of use

Challenge

Heat 33 %

Continued energy efficiency enhancement
The challenge in energy-intensive industry is to continue the work of energy
efficiency enhancement, recovery of heating and cooling, and converting oil
to district heating and biofuels.
A dominant part of industrial energy consumption in the county is for
electricity for the operation of machines, pumps and lighting. In the engineering industry, electricity consumption is estimated to be made 40 per
cent more efficient by 2030 compared with 2006.
For most industries in the county, oil is used for the heating of premises
and can therefore relatively easily be replaced by biofuels and district
heating in the next few years, by 2020. Energy consumption in industrial
premises can also be made more efficient by recovering heating and cooling,
which can reduce the need for heat by one-fourth by 2030 compared with
2006. Energy consumption for working machines, forklifts and similar
vehicles can be made 25 per cent more efficient by 2030. The remaining fuel
needs can be converted to biodiesel and electricity.
Heavy process industry generally has waste heat, i.e. hot water or hot
air from hot processes in the industry, that can be reused for heating in

Electricity
consumption 62%

Processing machines,
forklifts, etc. 5%

Figure 27. Type of energy and areas of use for industry in Stockholm County. In 2006, energy consumption was a total of 6.5 TWh. See Table 16. Source: Sweco.

the county's district heating system. Today, the Hallsta mill supplies barely
0.02 TWh (2007) district heating to Hallstavik and Nynas refineries supplies
around 0.05 TWh (2007) to the district heating system in Nynäshamn. The
district heating needs in Hallstavik are completely covered by heat from the
mill. The distance to the other two district heating networks in the Municipal-
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What measures do the most good from a regional perspective?
What measures do the most good from a regional perspective?

Assessment of which measures should be undertaken to achieve the targets.
The measures are evaluated based on economic benefit, how they contribute to goal fulfilment and implementability.
best / highest / easiest

average

worst / lowest / hardest

For the economy

For goal fulfilment

For implementability

Energy efficiency enhancement of processes and support
systems in industry
Fossil diesel should be replaced with renewable
diesel in industrial processing machines
Oil should be phased out from the industry sector
The assessments are conducted in the scope of the energy study by experts in the energy field and the various sectors of society.

ity of Norrtälje, in Norrtälje and Rimbo, is approximately 30 kilometres.
Nynas refinery accounts for 70 per cent of Nynäshamn's heating needs.
Otherwise, there is no especially very heavy industry in the Stockholm
region, which means that the waste heat potential is limited.

Public sector responsibility
There are several policy instruments on the national and EU level for influencing the carbon-dioxide emissions of industry. Read more about policy
instruments beginning on page 10.
Parts of industry, mainly energy-intensive industry and industries with boilers larger than 20 MW, are covered by the system of trading in emission rights.
In 2005, the Programme for Improving Energy Efficiency in Energy Intensive
Industries (PFE) was introduced at the national level to stimulate energyintensive industry to improve the efficiency of its electricity consumption.
PFE is estimated to lead to an annual efficiency improvement of electricity
consumption by 1 TWh in the first phase among the roughly 100 participating
companies, which account for 3-4 per cent of their electricity consumption.
Around half of the measures comprise the production processes and half of

the support systems – pumps, fans and other motor operation. Many measures
concern the control of needs, tuning or optimisation, or switching to more
energy-efficient equipment. The measures often have very short break-even
periods. There are also indirect energy gains with PFE, which mean that the
total savings are estimated to be much larger. Another positive effect is that
the programme contributes to greater knowledge of energy efficiency among
the companies' employees. The programme continues until 2014.
In the energy bill A cohesive climate and energy policy 2008/09:163, it
is proposed that a system of energy survey checks should be introduced to
stimulate energy surveys and energy efficiency enhancements in the industries
not covered by emission rights or PFE. The Swedish Energy Agency administrates and monitors the efforts. However, in order for the checks to make a
break-through, commitment is needed on a regional level, in the form of e.g.
regional energy offices, municipal energy and climate counsellors, energy
service companies and the county administrative board. This commitment can
promote the establishment of local networks in the region and the possibilities
of coordinating the efforts to achieve the energy and climate targets.
Public actors at the municipal and regional levels play an important role
in building relationships/networks with companies in the region and in
providing information on what possibilities the national policy instruments
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provide. The energy-intensive companies have a large amount of proprietary
knowledge and channels for experiential exchange, but may need support
for greater coordination, such as for heat waste deliveries. For small and
medium-sized enterprises, the public actors can support knowledge acquisition and experience exchange in the region. In addition, it is important to
continue work on energy counselling and training of operations personnel
for energy efficiency enhancement.

The Stockholm region
2050: the industrial sector
In 2050, industry's energy consumption will
have decreased by 40 per cent and emissions
of greenhouse gases will have decreased
by 80 per cent. Thanks to new technology
and more system thinking, where energy
is recycled and utilised in several stages,
the energy and climate targets will have been
achieved – despite the region's economic growth.
The entire machine fleet will have been replaced. At
the same time, the processes will have adapted to each other so that
the energy losses are minimised – so-called process integration.
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Photo: Stockholm Södra Glory

Ågesta farm has both cattle and
horses. The riding school has been
under way since the 1970s.
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Agriculture and forestry
In the Stockholm region, agriculture and forestry's energy consumption is small compared with other sectors. Of the agricultural land in the county, 80 per cent is used for crop production.
The rest is used as pastures.
The agriculture sector's climate impact is generally attributable to emissions of greenhouse gases – such as carbon dioxide,
methane and nitrous oxide. The gases are the result of cattle
digestion and fertiliser handling in agriculture.
There are good technical possibilities for the county's agriculture to be self-sufficient for energy – and fossil free – by 2020.
The solution is to better utilise waste from agriculture for e.g.
biogas production and heat. Agriculture can also become an
energy supplier to the other sectors of society.

Agriculture's energy consumption, areas of use

Electricity 36%

Heat 34%

Processing machines 30 %

Targets for the agricultural and forestry sector
Agriculture and forestry's energy consumption amounts to 0.3 TWh. The
sector's emissions of carbon dioxide are 0.1 million tonnes (figures from
2006). The targets in agriculture are to reduce emissions of greenhouse
gases by 50 per cent by 2020 and 80 per cent by 2030 with unchanged

Agriculture's energy consumption, energy type

Electricity 37%

Fuel oil 2-5
17 %

Diesel 30%

Fuel oil 1
16 %

Figure 28. Agriculture's types of energy in Stockholm County. In total, 0.3 TWh was used in 2006.
See Table 20.

Figure 29. Areas of use for energy in agriculture in Stockholm County. See Table 20.

energy consumption. Emissions should decrease to a level of 0.02 million
tonnes of carbon dioxide equivalents 2030.

What characterises the agricultural and forestry sector?
Stockholm is a metropolitan region and consequently, agriculture and forestry in the county are small compared with the rest of the country. Of the
agricultural land in Stockholm County, 80 per cent is used for crop production and the rest as pastureland. Barely 1 per cent of the cultivated land, or
550 hectares, are used for the production of energy crops.
Timber-cutting in the county accounts for barely 1 per cent of the total
timber-cutting in the country and could contributed wood fuel corresponding to 0.5 TWh.

What is the energy used for?
Energy consumption in the county's agriculture and forestry is very small
compared with other sectors. It mainly concerns heating, electricity and fuel
for processing machines, primarily diesel. Agriculture still uses oil, which
should easily be able to be replaced by biofuels and agricultural wastes.
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Agriculture and forestry, energy consumption

Emissions of carbon dioxide, methane and nitrous oxide

TWh and kWh 000s, resp.

0.35
0.30
0.25
0.20
0.15
0.10
0.05
0
2006
Total (TWh)

Current status

2020

2030

2050

The climate impact of Swedish agriculture comprises emissions of the greenhouse gases of carbon dioxide, methane and nitrous oxide. Methane and
nitrous oxide are dominant and account for more than one-tenth of the national
reporting of Swedish emissions of greenhouse gases. Methane comes from cattle digestion and the handling of manure. Nitrous oxide is formed through the
conversion of nitrogen found in the soil and added through fertilisation.
Agriculture also contributes emissions of carbon dioxide through the use
of fossil fuels in processing machines and by the soil's coal deposits slowly
being converted into carbon dioxide.
The increasing interest in locally produced food may entail changes to the
climate impact through less transports as well as changes in production.

Per capita (kWh 000s)

Figure 30. Target for energy consumption – total and per capita. See the sector "Agriculture and
forestry" in Table 8.

Challenge 1
Make agriculture self-sufficient for energy
Agriculture in Stockholm County could be self-sufficient for energy, and fossil
free, by 2020. There are good (technical) possibilities of doing so by better
utilising waste from agriculture for e.g. biogas production and heat.
By 2020, all fossil diesel used for processing machines is assumed to have
been replaced by biogas and renewable diesel. This will demand that the
second generation of renewable diesel is available on the market, for heavy
processing machines as well. All fossil fuel oil used for heating will also have
been replaced by wood fuels.
The majority of the changes in agricultural energy consumption are expected to have been achieved by 2020. This means fossil-free agriculture, except the
electricity used in agriculture.

Agriculture and forestry, emissions
Million tonnes and tonnes, resp.

0.14
0.12
0.10
0.08
0.06
0.04
0.02

Challenge 2

0
2006

2020

Total (million tonnes of CO2 equiv.)

2030

2050

Per capita (tonnes of CO2 equiv.)

Figure 31. Target for emissions – total and per capita. See the sector "Agriculture and forestry" in
Table 9.

Utilise agriculture and forestry as a supplier of energy
Increasing energy extraction from agriculture and forestry by better utilising
waste products from the forest and agriculture's potential for biogas production.
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What measures do the most good from a regional perspective?
Assessment of which measures should be undertaken to achieve the targets.
The measures are evaluated based on economic benefit, how they contribute to goal fulfilment and implementability.

What measures do the most good from a regional perspective?
best / highest / easiest

average

worst / lowest / hardest

For the economy

For goal fulfilment

For implementability

Phasing out fossil fuels for heating
Replacing diesel with renewable diesel and biogas
Waste/waste products from agriculture and forestry making
the sector self-sufficient for heating, as well as providing fuel
for processing machines
Increasing extraction of fuel from agriculture and forestry
The assessments are conducted in the scope of the energy study by experts in the energy field and the various sectors of society.

Public sector responsibility
Agriculture and forestry are a part of enterprise. However, most operations
are small companies. Agriculture will also be covered by the proposal of
energy survey checks (read more in the Industry chapter).
The public actors can generally support knowledge acquisition and experiential exchange in the region. They can also contribute information and
training on energy surveys and how various waste products in agriculture and
forestry can be taken care of for energy recycling. Where appropriate, investment grants can be provided for the conversion of heating.
Agriculture is also an important actor for developing biogas production
in the county. The public actors play an important role in supporting collaboration between the various actors so that the biogas market can develop
in the region. This collaboration can also encompass a platform for experience transfer and knowledge acquisition.

The Stockholm region
2050: the agricultural
and forestry sector
In 2050, the climate impact from agriculture will have decreased by 90 per cent
compared with today. Energy consumption for the sector will be at the same
level as now, but the energy demand will
be covered through energy recycling from
agriculture's own waste products – in part
through incineration and in part through biogas production. Biogas
production will reduce the leakage of methane from manure. The
waste products will replace fertiliser and will be fed back to the
fields. The gas will be used locally for electricity and heat production, or further refined and used for vehicle operation.
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Högdalen's co-generation plant produces
electricity and district heating by burning
waste and other biofuels. The plant takes in
700,000 tonnes of waste every year.

Facts 53
��
Waste
��53

Waste
Every day, waste is converted from an environmental problem
to an energy resource – through anaerobic digestion or incineration. The resources that exist in society's waste flows are
thereby utilised. Biodegradable waste is used, for example,
to produce biogas at four wastewater treatment plants in
the county.
Besides preventing the creation of waste – a fundamental
principle for Swedish waste policy – the waste must be utilised
efficiently. Among other efforts, recycling in the county should
be improved.

Fuel potential, waste (forecast)
TWh

7
6
5
4
3
2

Targets for the waste sector
The population is growing, as well as the amount of waste. A larger proportion of the waste should therefore be recycled and incinerated. The
target for 2020 is for 80 per cent of the combustible waste that arises in the
region to be incinerated in waste boilers in Stockholm County. By 2020, the
waste can provide a fuel potential of 4.5 TWh, which increased to 5 TWh
by 2030. The goal is also for biogas production to increase from today's
0.2 TWh to 0.6 TWh by 2030.

What characterises the waste sector?
Waste is an important part of the material flows that take place in society
and can be viewed as both a resource and an environmental problem. The
objective is to utilise the resources that exist in the waste to the furthest
possible extent and close the ecocycle as much as possible. This should
primarily take place by re-using the products or recycling the material in
the products.
In general, Swedish waste policy aims to achieve a society with non-toxic
and resource-efficient ecocycles. However, the most important objective
is to prevent waste from arising. Swedish waste policy is based on the EU
waste hierarchy:
1. Prevention of waste
2. Re-using the objects that constitute waste
3. Material recycling, including composting and anaerobic digestion
4. Energy recovery
5. Disposal

1
0
2007

2020

2030

2050

Figure 32. Forecast for fuel potential in waste. See Table 21.

How is energy extracted from waste?
Energy from the county's waste is mainly extracted by burning or anaerobic
digestion. Biodegradable waste is used to produce biogas. The more various kinds of waste can be recycled, the less new resources must be utilised
to produce goods or energy.

Current status
Landfills and incineration facilities
In Stockholm County, 0.5 million tonnes of household waste arose in 2006,
of which 95 per cent was burned and 5 per cent was treated biologically.
Even though there is a landfill prohibition, combustible and organic waste
are deposited with a dispensation from the county administrative board.
Landfill gas is extracted from the landfills that received household waste
and organic business waste. The landfill gas is often used externally for
heating, replacing other fuels. Not all landfill gas can be utilised, however,
since methane leakage arises from the landfills.
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Challenge 1
There are seven active landfills in the county today and one closed landfill. All
landfills are also waste facilities that receive, process and further transport
waste for recycling and incineration.
In the region, household waste is incinerated, as well as various types of
recycled waste, such as construction and industrial waste and plastic and
paper waste from offices, that cannot be material recycled. Household and
business waste is incinerated at Fortum's plant in Högdalen while office and
industrial waste is incinerated at Söderenergi's facility at the Igelsta plant.
The waste is converted into electricity and heat. In total, approximately
2 TWh of electricity and heat was produced from waste in 2007.
In the spring of 2009, Fortum applied to expand the Bristaverket plant
in Märsta with a waste-fired co-generation plant. It is estimated to be able
to be commissioned in 2013. Besides Brista, new waste-fired plants are
under discussion in Hagby, Högbytorp and Jordbro. There are another three
waste-fired plants close to the Stockholm region.

Local biogas production at four wastewater treatment
plants
Current biogas production in the county almost entirely comes from the
wastewater plants' anaerobic digestion of sludge from the purification
process. The production of the county's sewage works amounts to 24 million normal cubic metres. The largest producer is the Henriksdalsverket
plant with 10 million normal cubic metres followed by Käppala with 6 million normal cubic metres, and Himmerfjärdsverket and Bromma-Åkeshov
with 3.5 million normal cubic metres each.
The biological treatment of waste needs to be significantly increased in
the region. Biogas production can become significantly larger through the
anaerobic digestion of suitable waste in cooperation with sewage operations. It is primarily food waste from large-scale kitchens, restaurants
and food stores that are an unutilised resource in the region. In order to
achieve efficient digestion of sewage sludge and biological waste, source
sorting must be improved.
In the long term, the household contribution will also be crucial to how
much biogas can be produced. The municipalities should therefore strive
to achieve the desired levels of food waste through targeted information
and appropriate sorting systems.

Improve sorting and recycling
With a larger population, the waste flows also increase. An important challenge in the waste sector is improving sorting and recycling of the various
waste fractions. The amount of waste placed in landfills should be minimised,
although some kinds of waste is best taken care of through landfills. Effective
sorting of combustible and biological waste improves the heating effect of
the combustible fraction. Refining the combustible waste and increasing the
energy recycling from the waste are important efforts.

Challenge 2
Utilising the biological waste better
Through effective sorting of waste, the biological waste can be utilised for
biogas production to a greater extent. Energy extraction from the combustible part of the waste is thereby improved, and any methane leakage
from landfills is avoided. The digestion wastes after biogas production can
instead be used for fertiliser.
In order to meet the two challenges, better collection and sorting systems are needed for various waste fractions. Planning is under way for an
expanded burning capacity for waste in the region, which is necessary for all
combustible waste to be able to be processed. The capacity for biogas production should also be increased. To secure an efficient energy extraction
from waste in the future, locations for collection and handling are needed,
both on regional and local levels.

Public sector responsibility
In order to be able to better utilise the county's waste, a system view of the
entire waste chain and how all public and private actors concerned can
collaborate is needed. The objective is to find ways for how the waste flows
will be able to be reduced, collection and source sorting improved and how
the waste could be more efficiently recycled. This also applies to operations
waste from companies. Paper and plastic that cannot be material recycled can
advantageously be mixed with household waste, which improves the energy
content upon burning.
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What measures do the most good from a regional perspective?
What measures do the most good from a regional perspective?

Assessment of which measures should be undertaken to achieve the targets.
The measures are evaluated based on economic benefit, how they contribute to goal fulfilment and implementability.
best / highest / easiest

average

worst / lowest / hardest

For the economy

For goal fulfilment

For implementability

Implementation of effective solutions for waste management:
reserving physical space for collection, sorting and pretreatment
Making it possible for biogas production from sewage treatment to grow with the population. The same applies to biogas
production from sorted food waste.
Investments to enable sorting of good/bad combustible and
difficult-to-treat industrial and construction waste (metals, inert
and landfill wastes – pre-treatment plants for difficult waste)
The assessments are conducted in the scope of the energy study by experts in the energy field and the various sectors of society.

Household waste collection and sorting should be improved to be able to
support the region's energy work. The municipalities and waste companies' responsibility is to create systems that are accessible, convenient and
easily understood.
The emphasis and scope of source sorting must be established in the
region. Both waste and energy companies need clear targets with regard to
future possibilities for energy extraction from waste. For this, a clear division of roles is needed among the county's actors and the companies must
accept responsibility for working towards the county's common energy and
climate targets.
In order to be able to handle the waste in an environmentally friendly
manner, place must be reserved for waste management. Waste sorting can
be improved through common sorting principles and by local collection and
sorting stations being expanded – especially systems for the collection of

biological waste. Consideration of this should also be taken in connection
with the planning of new residential areas.
In order to obtain a good basis for digestive processing and biogas production, the county's actors should agree on a long-term, common strategy
for the collection, treatment and recycling of food waste. Digestive wastes
from biogas production or biological waste treatment should be refined and
used. However, every municipality must make its own decision as to how
food waste management should be organised.
Demand for biofertiliser from the waste sector must be secured by municipalities, waste companies and agriculture's organisations agreeing on quality
assurance, certification and suppliable fertiliser amounts. In Sweden, there is
currently a market for nearly 100 per cent of the quality assured biofertiliser.
The experiences of this fertiliser are overwhelmingly positive.
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In terms of biogas, the region's actors must jointly work to achieve a functioning distribution system for gas. For safety reasons, the filling stations
should primarily be supplied through pipelines. The county council, the
county administrative board and the county's municipalities have a special
role to play in order to promote more use of biogas in the county, such as by
choosing the right locations for filling stations – and together with enterprise discussing a potential expansion of the gas network.

The Stockholm region
2050: the waste sector
In 2050, the waste flows will not have
increased despite a larger population in the region. The majority of all
waste is recycled. Waste fuel of 6 TWh
will be used for heat and power production in the region. Biogas production will have increased to 0.8 TWh.
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Definitions and clarifications
Definition of technical potential
In the study, the concept of technical potential is used to relate to the possible decrease of energy consumption and emissions of greenhouse gases.
The technical potential is defined as the most rational technical choices and
behaviours based on an economic benefit estimate, as well as with regard to
conceivable technical development.
The figure below illustrates how various potentials for energy efficiency
enhancement can be assessed. The theoretical potential is never achieved.
Research efforts and development of new technology rarely also make
break-throughs in pace with what could be possible. The transaction costs
are too high.
In the energy study, measures are discussed that are economically profitable. Extensive policy instruments are needed for these to be implemented.
Private and commercial criteria often set higher requirements on profitability
for various efficiency enhancements than the public sector. In addition, a
number of other factors affect people's choices with regard to energy con-

Technical potential for energy efficiency
enhancement
100%

Theoretical level
Potential level that can be
achieved through research
Potential level that can be
achieved through new technology
Economically profitable, through
best existing technology
Private and commercially
profitable
Implemented measures

0%

sumption relative to other values. People make rational choices based on their
personal wishes where convenience, identity or pure ignorance play in. This
means that the economically profitable savings potentials that are worked
out are rarely achieved in practice. The opposite may apply when unforeseen
technical advances are made. Energy consumption in Stockholm County has,
however, increased with population growth thus far.

Definition of sectors
Energy consumption is divided into five sectors, including a distinction of
the energy flows in the waste and sewage sector. The following sectors are
discussed:
•	Energy: includes all production facilities for electricity and heat that are
owned by companies whose main business is producing energy as well as
distribution networks for electricity and district heating.
•	Industry: includes manufacturing industry and the extraction of minerals,
SNI codes 10-37.
•	Transport: include car transports, lorry transports, rail transports, boat
transports, air transports and public transport in Stockholm.
•	Built environment, service sector and public service (Built environment
and service) includes energy consumption in:
- Households: single-family homes, apartment buildings and leisuretime homes.
- Public administration: education, research and development, healthcare, social services, sports, leisure and culture, streetlighting, waterworks, sewage treatment, waste management and street cleaning.
- Other services: electricity supply for offices, warehouses and the like;
gas supply; steam and hot-water supply; retailing and wholesaling; hotel and restaurant businesses; postal and telecommunication; banking
and insurance businesses, property management, etc.
- Waste and sewage: includes the flows of recovered materials that are
used in the energy system.
•	Agriculture and forestry: includes all energy consumed within agriculture
and energy consumption in forestry.
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Prefixes used in energy contexts

Definitions of energy terms
The international standard unit for measuring energy is the joule (J). However, in Sweden watt hours (Wh) are often used. In international comparisons,
the unit of a tonne oil equivalent (toe) is often used and in some applications
also calories (cal). When measuring larger amounts of energy than joules,
watt-hours and calories, small units are impractical. Then larger units are
instead used with the addition of prefixes, such as petajoule (PJ) and terawatthours (TWh). Sources: Swedish Energy Agency and ÅF.

Conversion factors for energy units

kilo		

k

1 000

mega		

M

1 000 000

giga		G	

1 000 000 000

tera		

T

1 000 000 000 000

peta		

P

1 000 000 000 000 000

Emission factors from fuels

MWh	GJ	Gcal

toe

MBtu

Fuel		

kg CO2 / MWh fuel

1 MWh
(megawatt-hour)

1

3.6

0.860

0.086

3.412

Peat 		

386

1 GJ
(gigajoule)

0.278

1

0.239

0.024

0.948

Household waste		

90

1 Gcal
(gigacalorie)

Coal		

326

1.163

4.187

1

0.100

3.968

1 toe (tonne
oil equivalents)

Oil		

270

11.63

41.87

10.0

1

39.68

Natural gas		

204

1 MBtu (Mega
British Thermal Unit) 0.293

1.055

0.252

0.252

1

LPG		

235
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Facts and underlying statistics
The following appendix contains a selection of underlying facts for the diagrams
presented in the energy study's final report.
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International
Table 1: The world's energy consumption divided by sectors 1990–2005, TWh
Excluding losses

Industry
Transports
Households and service
Other

1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

2000

2001

2002

2003

2004

2005

19 472
18 457
24 016
5 304

19 350
18 644
24 162
5 549

18 891
19 028
23 707
5 727

19 751
19 236
23 023
5 660

20 152
19 660
28 824
5 794

20 808
20 190
29 211
6 000

20 999
20 667
30 095
6 212

21 024
21 105
29 810
6 555

20 910
21 692
29 516
6 515

20 934
22 295
30 210
6 696

21 636
22 640
30 751
6 879

21 292
22 729
31 264
6 926

21 559
23 248
31 636
7 181

22 275
23 789
32 710
7 368

23 554
24 823
33 415
8 063

24 339
25 387
34 112
8 175

Source: Swedish Energy Agency, IEA Energy Balances of non-OECD countries 2008

Table 1B: Global energy supply 2006
Coal
Oil
Natural gas
Nuclear power, incl. losses
Hydroelectric power
Other
Total

		
TWh

Per cent

35 462
47 765
28 003
8 471
3 037
14 551

26%
35%
20%
6%
2%
11%

137 289

100%

Table 2: Global emissions of carbon dioxide from energy
consumption 1980-2006, Million tonnes carbon dioxide
Region

North America
Central and South America
Europe
Eurasia
Middle East
Africa
Asia and Oceania

1980

1981

1982

1983

1984

1985

1986

1987

1988

1989

5 488
628
4 708
3 093
491
538
3 559

5 376
621
4 535
3 121
468
537
3 611

5 128
613
4 455
3 236
488
571
3 678

5 058
595
4 430
3 299
531
596
3 783

5 346
622
4 485
3 433
557
627
4 099

5 344
625
4 591
3 547
579
642
4 298

5 326
671
4 633
3 680
622
668
4 433

5 518
688
4 675
3 731
647
683
4 642

5 771
698
4 612
3 820
681
700
4 962

5 874
717
4 672
3 750
712
703
5 139

World
18 503 18 270 18 169 18 292 19 169 19 627 20 032 20 585 21 244 21 569
						
Region

North America
Central and South America
Europe
Eurasia
Middle East
Africa
Asia and Oceania

1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

5 807
717
4 568
3 834
730
728
5 299

5 760
739
4 480
3 531
784
750
5 514

5 879
744
4 344
3 257
815
763
5 707

5 994
785
4 338
2 991
841
778
6 034

6 104
813
4 277
2 616
885
815
6 423

6 157
858
4 332
2 506
902
828
6 700

6 368
904
4 485
2 427
935
846
6 841

6 492
950
4 503
2 244
989
872
7 197

6 547
975
4 487
2 235
1 019
861
7 035

6 615
984
4 436
2 320
1 057
877
7 247

World
21 683 21 559 21 510 21 762 21 932 22 284 22 806 23 247 23 160 23 535
						
Region

North America
Central and South America
Europe
Eurasia
Middle East
Africa
Asia and Oceania

2000

2001

2002

2003

6 810
993
4 500
2 356
1 094
892
7 366

6 697
1 016
4 559
2 332
1 119
923
7 608

6 782
1 005
4 532
2 354
1 175
924
8 050

6 870
1 023
4 679
2 471
1 240
975
8 806

2004

2005

2006		 2030

World
24 011 24 253 24 823 26 064 27 453 28 485 29 195		42 000
						
Source: US Department of Energy, IEA

2050

6 970 7 034 6 954
1 066 1 111 1 138
4 713 4 717 4 721
2 529 2 600 2 601
1 330 1 444 1 505
1 025 1 062 1 057
9 821 10 517 11 220
63 000
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Table 3: Energy consumption per person 1990
and 2005, kWh per capita

Table 4: Carbon dioxide emissions in total and
per resident in the EU and OECD countries in 2005

Total
		

USA
Sweden
EU-27
Middle East
World
China
Latin America
Africa
India

1990

2005

89 545
69 248
40 728
20 166
19 399
8 909
11 130
7 304
4 385

91 713
70 625
42 926
31 238
20 678
15 386
12 967
7 874
5 710

Energy consumption, including losses. Source: Swedish Energy Agency, Statistics Sweden, OECD, IEA

Luxembourg
USA
Australia
Canada
Czech Republic
Netherlands
Total OECD
Belgium
Finland
Ireland
Germany
Japan
Austria
Korea
UK
Denmark
Greece
New Zealand
Norway
EU-27
Spain
Italy
Poland
Iceland
Slovakia
France
Switzerland
Portugal
Hungary
Sweden
Mexico
Turkey
Source: Swedish Energy Agency

Total emissions CO2,
million tonnes

Tonnes CO2
per resident

Change in emissions
2005/1990 (%)

11.3
5 817.0
376.8
548.6
118.1
182.9
12 910
111.7
55.4
43.8
813.5
1 214.2
77.2
448.9
529.9
47.5
95.7
34.9
37.0
3 884.9
341.8
454.0
295.8
2.2
38.3
388.4
45.0
63.0
57.7
51.0
389.4
218.9

24.8
19.6
18.4
17.0
11.5
11.2
11.0
10.7
10.6
10.6
9.9
9.5
9.4
9.3
8.8
8.8
8.6
8.5
8.0
7.9
7.9
7.8
7.8
7.5
7.1
6.2
6.0
6.0
5.7
5.6
3.7
3.0

7.7
19.9
45.1
27.9
-23.3
15.7
16.4
2.7
0.8
41.5
-12.2
14.8
33.6
97.6
-5.0
-6.2
35.5
62.5
28.9
-1.3
64.8
14.0
-15.3
16.1
-32.7
9.3
8.9
59.1
-18.3
-4.5
32.8
70.2
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Table 5: Energy supply and energy consumption in Sweden 2007, TWh
Supply

Total final consumption divided by sectors

Total energy supplied

TWh

Industry

Oil		
Natural gas
Coal
Biofuels, peat, waste, etc.
Heat pumps
Hydroelectric power
Nuclear power, gross
Wind power

199
11
28
120
6
66
191
1

Electricity
District heating
Oils
Natural gas, town gas
Coal, coke
Biofuels, peat, etc.

Import-export electricity
Total
Energy consumption, including losses

1
624

		

TWh

Industry
Domestic transports
Residential and service, etc.
Losses, excl. nuclear power
Losses in nuclear power
International shipping, non-energy purposes

157
105
143
49
124
47

Total consumption

624

TWh

56
5
19
5
17
55

Total consumption

157

Transports

TWh

Residential, service, etc.

TWh

Electricity
District heating
Oil
Natural gas, town gas
Biofuels

72
42
13
2
14

Total

143

Total final consumption in sectors

404

Source: Swedish Energy Agency

Electricity
Oils
Natural gas
Ethanol
Total

3
99
..
2
105

Table 6: Emissions of carbon dioxide in Sweden 1990-2006, Mtonnes CO2
		

1990

1995

2000

2005

2006

Energy sector emissions
Combustion in industry
Transports
Residential, service, etc.
Combustion in electrical, gas and heating plants
Diffuse emissions
Industrial processes, etc.

51.6
10.9
18.2
11.6
10.1
0.9
4.6

53.3
12.1
18.5
10.2
11.3
1.2
4.7

49.0
11.3
18.7
8.6
9.5
1.0
4.4

47.6
10.5
20.0
5.3
11.2
0.7
4.8

46.9
10.7
20.0
4.5
10.9
0.7
4.6

Total, excluding international bunkering and sinks

56.3

58.0

53.4

52.6

51.5

-58.95
3.6

-14.58
4.9

-29.52
6.7

22.53
8.6

-38.14
9.1

Sinks
International bunkering
Source: Swedish Energy Agency
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Table 6B: Sweden's total energy consumption 1970-2007, TWh
1970

1971

1972

1973

1974

1975

1976

1977

1978

1979

1980

1981

1982

1983

Industry
154
Domestic transports
56
Residential and service, etc.
165
Conversion and distribution losses, excl. nuclear power
49
Losses in nuclear power
0
International shipping and use for non-energy purposes 33

151
56
159
37
0
32

156
58
157
40
4
33

165
62
164
43
4
32

164
58
140
39
4
32

160
62
152
31
24
34

159
67
166
45
32
33

148
70
163
43
40
33

151
71
166
33
47
33

156
71
174
39
42
28

148
68
165
31
53
25

138
67
162
37
74
24

128
67
154
32
79
25

129
71
145
32
83
25

Total consumption
457
436
448
470
437
463
501
497
500
510
489
												

502

485

485

1984

1985

1986

1987

1988

1989

1990

1991

1992

1993

1994

1995

1996

1997

Industry
135
Domestic transports
75
Residential and service, etc.
145
Conversion and distribution losses, excl. nuclear power 34
Losses in nuclear power
101
International shipping and use for non-energy purposes 25

140
76
161
40
114
23

138
79
155
42
132
28

141
81
163
40
132
29

143
85
155
40
137
28

141
86
148
37
131
27

140
83
150
37
134
31

135
81
157
38
152
28

132
82
153
37
125
31

135
80
157
36
121
30

140
82
157
44
144
33

146
84
157
42
137
33

148
83
163
50
150
33

153
83
153
42
136
38

Total consumption
515
553
575
587
587
570
576
590
560
559
599
												

599

628

605

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

Industry
152
Domestic transports
86
Residential and service, etc.
154
Conversion and distribution losses, excl. nuclear power
47
Losses in nuclear power
144
International shipping and use for non-energy purposes 41

153
87
151
42
140
36

153
87
148
43
111
38

152
89
155
45
142
42

154
93
153
50
133
40

157
94
154
47
132
43

157
97
151
45
149
48

154
99
149
47
143
48

157
99
144
50
123
49

157
105
143
49
124
47

Total consumption
624
609
581
625
622
626
648
								

639

622

624
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Table 7: Energy consumption in Stockholm County, TWh
Historically

TWh

		

1990

1995

2000

2001

2002

2003

2004

2005

2006

2007

Built environment and service
Agriculture, forestry, fishing
Industry, construction
Transports

27.4
0.3
5.6
10.4

29.3
0.3
3.4
12.0

28.3
0.4
6.4
12.4

31.8
0.4
5.9
13.0

30.9
0.3
6.3
12.8

30.2
0.3
5.8
13.2

30.3
0.3
5.9
13.6

29.3
0.3
6.2
13.2

29.3
0.3
6.6
13.4

29.5
0.3
6.6
14.3

3.3

3.8

4.9

5.1

4.3

3.7

4.4

5.2

5.8

5.6

47.0

48.8

52.4

56.2

54.5

53.3

54.5

54.3

55.4

56.2

Losses, own use of electricity in co-generation plants
Total
Source: Statistics Sweden

Table 8: Targets for Energy consumption
in the region, TWh

Table 9: Targets for emissions of greenhouse
gases in the region, Mtonnes Co2equiv.

		
Sectors, energy use, TWh

2006

2020

2030

2050

		
Sectors, emissions of million tonnes CO2 equiv.

2006

2020

2030

2050

Energy sector (losses)
Built environment and service
Industry
Transports
Agriculture and forestry

3.6
29.7
6.5
14.8
0.3

2.9
23.7
4.9
14.8
0.3

2.5
22.2
4.2
11.9
0.3

2.1
17.8
3.9
8.9
0.3

Energy sector (losses)
Built environment and service
Industry
Transports
Agriculture and forestry

0.4
3.9
0.9
3.4
0.1

0.3
2.9
0.6
2.7
0.04

0.3
1.9
0.4
1.2
0.02

0.1
0.8
0.2
0.4
0.01

Total

54.9

46.6

41.2

33.1

Total

8.7

6.6

3.8

1.5

Source: Sweco

Source: Sweco
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Table 11: Emission of carbon dioxide in Stockholm
County calculated on average electricity on the Nordic
electricity market*

Table 10: Energy consumption in the region by type of
energy and sector
Energy consumption 2006, TWh
Sector

Heat 	District heating Electric power and light Transport*

Total

Energy sector (losses)		
1.9
2.0 		
Built environment and service
6.4
10.9
12.0
0.4
Industry
1.4
0.7
4.0
0.3
Transports				
14.8
Agriculture and forestry
0.1 		
0.1
0.1

3.9
29.7
6.5
14.8
0.3

Total energy consumed

55.2

7.9

13.5

18.1

15.6

Heat 	District heating Electric power and light Transport*

Energy sector (losses)		
1.9
2.0 		
Built environment and service
4.7
10.8
10.8
0.4
Industry
1.0
0.9
3.3
0.3
Transports				
15.2
Agriculture and forestry
0.1 		
0.1
0.1
Total energy consumed

5.8

13.5

16.0

15.9

Total
3.8
26.6
5.4
15.1
0.3
51.2

Energy consumption 2030, TWh
Sector

Sector

Heat 	District heating Electric power and light Transport

Total

Energy sector (losses)		
0.14
0.24 		
Built environment and service
1.04
0.79
1.47
0.10
Industry
0.21
0.05
0.50
0.08
Transports				
3.40
Agriculture and forestry
0.03 		
0.01
0.03

0.38
3.40
0.84
3.41
0.07

Total amount CO2

Energy consumption 2020, TWh
Sector

Carbon dioxide emissions 2006, Mtonnes CO2

Heat 	District heating Electric power and light Transport*

Total

Energy sector (losses)		
1.7
1.7 		
Built environment and service
3.6
9.9
8.7
0.4
Industry
0.9
0.7
2.4
0.2
Transports				
12.5
Agriculture and forestry
0.1 		
0.1
0.1

3.4
22.8
4.3
12.5
0.3

Total energy consumed

43.3

4.6

12.4

13.0

13.2

3.61

8.10

Other climate gases1)					

0.61

Total					

8.70

Sector

Heat 	District heating Electric power and light Transport*

Total

Energy sector (losses)		
1.4
1.6 		
Built environment and service
3.7
7.5
6.9
0.4
Industry
0.9
0.7
2.4
0.2
Transports				
10.3
Agriculture and forestry
0.1 		
0.1
0.1

3.0
18.6
4.3
10.3
0.3

Total energy consumed

36.5

* Also includes processing machine and agricultural vehicles.
Source: Sweco

4.7

9.6

11.0

11.0

1.00

2.23

Carbon dioxide emissions 2020, Mtonnes CO2
Sector

Heat 	District heating Electric power and light Transport

Total

Energy sector (losses)		
0.11
0.23 		
Built environment and service
0.41
0.63
1.32 		
Industry
0.05
0.40
0.05
Transports				
2.78
Agriculture and forestry
		
0.01 		

0.34
2.35
0.50
2.78
0.01

Total amount CO2

2.83

6.00

Other climate gases1)					

0.42

Total					

6.41

0.41

0.79

1.97

Carbon dioxide emissions 2030, Mtonnes CO2
Sector

Energy consumption 2050, TWh

1.28

Heat 	District heating Electric power and light Transport

Total

Energy sector (losses)		
0.05
0.21
Built environment and service
0.20
0.28
1.04
Industry
0.02
0.30
0.03
Transports				
1.42
Agriculture and forestry
		
0.01 		

0.25
1.51
0.35
1.42
0.15

Total amount CO2

1.45

3.55

Other climate gases1)					

0.20

0.35

1.56

0.25

Total					

3.80

Carbon dioxide emissions 2050, Mtonnes CO2
Sector

Heat 	District heating Electric power and light Transport

Total

Energy sector (losses)		
0.20 		
Built environment and service
0.14
0.03
0.71 		
Industry
-		
0.30
0.01
Transports				
0.55
Agriculture and forestry			
0.01 		

0.20
0.88
0.32
0.55
0.01

Total amount CO2

0.56

1.96

Other climate gases1)					

0.14

0.04

1.22

0.14

Total					

2.10

* Emissions have not been taken into account that the consumption of goods in the region generates outside the region.
1)
Assumed to be 7% of the CO2 emissions, according to empirical experience.
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Energy sector
Table 12: Greenhouse gas emissions in Stockholm
County in tonnes CO2 equiv. per resident and year
Year

Tonnes CO2/capita 	Interval diff

1990
2005
2020
2030
2050

5.9 		
4.6 		
3.4
0.3
2.3
0.5
0.5
0.5

Max

3.7
2.8
1.0

Table 13: Population trend
1990
2006
2020
2030
2050
Source: Sweco

Fuels, etc. for electricity and heat
production in Stockholm County	Area of use
Primary energy

Source: RUFS

		
Year

Table 14: Energy sector's energy balance 2006, TWh

Population

1.6
1.9
2.2
2.4
2.8

Pit coal
Fuel oil 1
Fuel oil>1
LPG
Peat
Wood fuel
Waste liquor
Waste
Other
Landfill gas
Digestion gas
Hydroelectric power energy
Wind power energy

Electricity 	District heating

Total

0.72
0.01
0.03
0
0
0.54
0
0.18
0.46
0
0
..
..

1.30
0.09
0.51
0.01
0.22
3.83
0.82
0.83
1.98
0.07
0.03
0
0

2.02
0.10
0.54
0.01
0.22
4.37
0.82
1.01
2.44
0.07
0.03
..
..

0
0

2.24
0.02

2.24
0.02

Electricity for heat pumps
Electricity in electric boilers
Electricity (in production facility)

0
0
0.07

1.05
0.05
0.44

1.05
0.05
0.51

Total

2.02

13.48

15.49

Production loss
0.30
0.72
Loss electrical grid
1.68 		
Loss district heating (distribution)		
1.16

1.02
1.68
1.16

Free energy

Heat from air and water (heat pump)
Heat waste
Electricity consumption in energy sector

Losses

TOTAL	

2.0

1.9

3.9

Imported energy

22.58

0.00

22.58

Demand from other sectors

21.00

11.59

32.60

Electricity need
Self-supply

24.29 		
7%
100%

Source: Sweco
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Domestic sector
Table 14B: Energy sector's energy consumption
2006, TWh

Table 15: Built environment and service, energy
consumption, MWh
Energy source	Area of use

	Area
of use
Fuels,
etc. for electricity and heat production in
Stockholm County. Summary.
		
Electricity 	District heating

Total

Fossil fuels
Renewable fuels/sources
Waste
Electricity
Other

0.76
0.54
0.18
0.07
0.46

2.14
7.00
0.83
1.54
1.98

2.89
7.54
1.01
1.61
2.44

Total

2.02

13.48

15.49

Source: Sweco

2006

Heat

Transport

Electricity
consumption

Total

Diesel		
379 173		
Fuel oil 1
1 831 913			
Fuel oil>1
169 349			
Wood fuel
364 956			
Electricity
4 088 231		
11 966 599
District heating
10 859 296			

379 173
1 831 913
169 349
364 956
16 054 830
10 859 296

Total
		

11 966 599

29 659 517

Fuel oil 1
225 996			
Renewable diesel		
379 173		
Wood fuel
1 281 518			
District heating
10 749 094			
Solar panels
90 000			
Energy storage
264 824			
Electricity
2 814 600		
10 729 922
Small-scale wind power			
10 000
PV cells			
12 000

225 996
379 173
1 281 518
10 749 094
90 000
264 824
13 544 522
10 000
12 000

Total

10 751 922

26 557 127

Renewable diesel		
379 173		
Wood fuel
1 441 701			
District heating
9 914 882			
Solar panels
370 000			
Energy storage
390 386			
Electricity
1 600 086		
8 448 296
Small-scale wind power			
30 000
PV cells			
250 000

379 173
1 441 701
9 914 882
370 000
390 386
10 048 382
30 000
250 000

Total

8 728 296

22 824 524

Renewable diesel		
379 173		
Wood fuel
1 074 002			
District heating
7 548 804			
Solar panels
1 000 000			
Energy storage
506 064			
Electricity
1 142 524		
5 768 265
Small-scale wind power			
300 000
PV cells			
800 000

379 173
1 074 002
7 548 804
1 000 000
506 064
6 910 789
300 000
800 000

17 313 745

379 173

2020

15 426 032

379 173

2030

13 717 055

379 173

2050

Total

11 271 394

379 173

6 868 265

18 518 832
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Transport sector

Table 16: Energy consumption in industry, MWh

Table 17: Number of vehicles, million

Energy source 	Area of use

Energy source

Heat

Transport

Electricity
consumption

0
202 803
520 927
50 541
275 784
381 345
734 563
0

298 491
0
0
0
0
0
0
0

0
0
0
0
0
0
0
4 071 451

298 491
202 803
520 927
50 541
275 784
381 345
734 563
4 071 451

2 165 963

298 491

4 071 451

6 535 905

Diesel
0
Renewable diesel		
Wood fuel
689 099
Other
333 677
District heating
872 442
Electricity
0

164 916
0
25 372		
0
0
0
0
0
0
63 429
3 257 161

164 916
25 372
689 099
333 677
872 442
3 320 590

Total

253 717

5 406 096

2006

Diesel
Fuel oil 1
Fuel oil>1
LPG
Wood fuel
Other
District heating
Electricity
Total

Total

2006

2020

2030

2050

Petrol
Diesel
Biogas
Ethanol
Renewable diesel (2nd gen)
Electricity

0.707
0.165
0.004
0.031
0.004
0.000

0.495
0.293
0.014
0.099
0.070
0.139

0.125
0.234
0.021
0.060
0.269
0.547

0.040
0.487
0.970

Total

0.911

1.112

1.256

1.498

2006

2020

2030

2050

8.5
4.2
0.1
0.2
0.4
0.8
0.2
0.5

5.4
4.6
0.5
1.4
1.1
1.3
0.2
0.6

1.0
3.0
0.6
0.8
3.1
2.9
0.2
0.7

0.8
4.0
4.5
0.3
0.8

14.8

15.2

12.5

10.3

2020

2030

2050

Source: Sweco

Table 18: Transport, TWh
Energy source

2020

1 895 218

3 257 161

Petrol
Diesel
Biogas
Ethanol
Renewable diesel
Electricity
Jet propulsion fuel
Diesel for shipping
Total

2030

Diesel
0
Renewable diesel		
Wood fuel
590 656
Other
286 009
District heating
747 808
Electricity
0

67 160
0
44 774		
0
0
0
0
0
0
111 934
2 442 871

67 160
44 774
590 656
286 009
747 808
2 554 805

Total

223 868

2 442 871

4 291 212

Renewable diesel		
Wood fuel
590 656
Other
286 009
District heating
747 808
Electricity
0

82 085		
0
0
0
0
0
0
111 934
2 442 871

82 085
590 656
286 009
747 808
2 554 805

Total

194 019

4 261 363

1 624 473

2050

Source: Sweco

1 624 473

2 442 871

Table 19: Number of vehicles
2006

Cars
768 957
902 000 1 032 000 1 260 000
Number of cars per 1000 residents 		
410
430
450
Increase cars		
17%
34%
64%
				
Lorries
103 059
164 894
175 200
180 353
Increase lorries		
60%
70%
75%
				
Buses
3 817
4 477
5 123
6 254
Increase bus traffic		
17%
34%
64%
				
Motorcycles
35 036
40 185
43 838
51 145
Increase motorcycles
-
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Agricultural and forestry sector

Waste sector

Table 20: Agriculture, forestry, energy
consumption, MWh

Table 21: Energy potential in waste, TWh
Year	Fuel potential TWh

		
Energy source	Area of use
2006

Heat

Transport

Electricity
consumption

Total

Diesel		
96 540 		
Fuel oil 1
52 636 			
Fuel oil>1
56 862 			
Electricity		
121 068

96 540
52 636
56 862
121 068

Total

121 068

327 106

Renewable diesel		
48 270		
Biogas		
48 270		
Biofuels
109 498			
Solar panels				
Electricity			
121 068
Small-scale wind power				
PV cells				

48 270
48 270
109 498
0
121 068
0
0

Total

121 068

327 106

Renewable diesel		
48 270		
Biogas		
48 270		
Wood fuel
109 498			
Solar panels				
Electricity			
121 068
Small-scale wind power				
PV cells				

48 270
48 270
109 498
0
121 068
0
0

Total

121 068

327 106

Renewable diesel		
48 270		
Biogas		
48 270		
Wood fuel
109 498			
Solar panels				
Electricity			
121 068
Small-scale wind power				
PV cells				

48 270
48 270
109 498
0
121 068
0
0

Total

327 106

109 498

96 540

2020

109 498

96 540

2030

109 498

96 540

2050

109 498

96 540

121 068

2007
2020
2030
2050

2.0
4.5
5.0
5.9
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