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Abstract
How many local actors need to do what to reduce Hammarby Sjöstad’s climate impact till 2030
in alignment with "Carbon Law”, i.e. halving the citizens’ consumption-based emissions every
ten years? This is demonstrated in a backcasting study of the city district. The local actors’
reduction potentials concerning ground transport, food, housing, aviation and other
consumption are explored in individual transitions. The quantitative city district scenario scales
up the individual transitions to city district level, asking how many local actors must do how
much, starting when, for the Sjöstad’s target to be reached? The overarching backcasting has
both prognostic and explorative elements but is essentially normative. It is both quantitative
and qualitative, addressing the two main questions what does it take and by whom? The result
shows that the city district’s aim is feasible only if Stockholm City and other external actors
fulfil their climate targets and the technological development continues to advance. These are
external contributions shaping the local actors’ field of options. Furthermore, the result shows
that a vast majority of the households must utilize a substantial part of their full potential for
the target to be met. New organizational models and actor networks must also emerge for the
transition to launch. The scenario’s qualitative part illustrates the need for energy managers,
local supermarkets, car sharing companies etc. to become agents of change. The transition is
further catalyzed by local network builder and transition agent ElectriCITY.
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Sammanfattning
Hur många lokala aktörer behöver göra vad för att minska Hammarby Sjöstads klimatpåverkan
till 2030 i linje med "Carbon Law", det vill säga att halvera invånarnas konsumtionsbaserade
utsläpp vart tionde år? Detta demonstreras i en backcastingstudie av stadsdelen. De lokala
aktörernas reduktionspotential för marktransporter, livsmedel, bostäder, flyg och övrig
konsumtion utforskas i enskilda omställningar. Det kvantitativa stadsdelsscenariot skalar upp
de enskilda omställningarna till stadsdelsnivå och frågar: Hur många lokala aktörer måste göra
hur mycket, och när för att Sjöstadens Carbon Law-mål ska nås? Den övergripande
backcastingstudien har både prognostiska och explorativa inslag men är huvudsakligen
normativ. Den är både kvantitativt och kvalitativt då den både adresserar frågan Vad krävs det
och av Vem? Resultatet visar att stadsdelsmålet endast är möjligt att nås om Stockholms stad
och andra aktörer uppfyller sina klimatmål och den tekniska utvecklingen framskrider. Detta är
externa bidrag som formar de lokala aktörernas handlingsutrymme. Vidare visar resultatet att
en majoritet av hushållen måste utnyttja en betydande del av sin fulla potential för att målet ska
nås. Nya organisationsmodeller och aktörsnätverk måste också utvecklas för att omställningen
ska ta fart. Scenariots kvalitativa del illustrerar behovet av att exempelvis energiförvaltare,
lokala livsmedelsbutiker och bilpoolsföretag blir förändringsagenter i omställningen.
Övergången katalyseras vidare av den lokala förändringsdrivaren och nätverksbyggaren
ElectriCITY.
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Terminology
GHG emission

CO2e

CCS
BECCS
LULUCF
MaaS
HVO100
WTW emissions
Bottom-up
calculations
Top-down
calculations

Greenhouse gas emissions. Generic term for carbon dioxide (CO2),
methane (CH4), nitrous oxide (N2O), fluorinated hydrocarbons
(HFCs), perfluorocarbons (PFCs), sulfur hexafluoride (SF6) and
nitrogen trifluoride (NF3).
Equivalent carbon dioxide, a measurement for describing how much
global warming a certain type of greenhouse gas causes, using the one
unit of carbon dioxide as a reference.
Carbon Capture and Sequestration. A method for capturing and storing
carbon dioxide in the ground.
Bio Energy Carbon Capture and Sequestration. A method for capturing
and storing carbon dioxide in the ground using biomass as input.
Land Use, Land Use Change and Forestry.
Mobility-as-a-Service
Hydrogenated vegetable oil, 100 percent. Replaces fossil fuels in diesel
engines.
Well-to-wheels emissions (life cycle emissions for fuel)
Local data matched with LCA values on emissions, (e.g. CO2e/km)

BRF
Sjöstader

Monetary flows matched with emissions factors (CO2e/sek), e.g.
national accounts divided into categories such as the households’
consumption, in which subcategories are then matched with a CO2e per
sek estimate.
Bostadsrättsförening (housing cooperative)
A Hammarby Sjöstad resident

Sjöstaden

Hammarby Sjöstad (Sjöstaden meaning the Sea City)
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Hammarby Sjöstad 2.0 - An Image of the Future

What a wonderful day it is on June 1, 2030! The air is absolutely crystal
clear this morning. You can feel it clearly, sipping through your
nostrils. The cars on the street run silently pass you. They are not that
many. What used to be parking lots has turned into space for
community gardening and super-charging stations for the circulating
electric vehicles. You hear the birds in the trees and the dull rattle of
some bicycles swishing by. You
hop on a self-driving taxi to go to
work, a service that now is more
affordable and convenient to
use than the private vehicle. You look out from your car window. You find it
fascinating that most of the buildings are now producing more energy than
they consume. A part of this is due to the integrated solar panels that are
almost impossible to spot from the outside facades.

When you get home, there is a small get together in the housing
cooperative. A joint dinner is served; a vegetarian Spaghetti
Pomodoro with olive oil, tomatoes and basil from the urban farm.
You start chatting with some of the neighbors about how nice it is
that so many features in the city run so smoothly these days.
Anything from deliveries and transport to the availability of your
everyday necessities. “You just ask for it and it’s there” says the
neighbor. “Either someone has it and shares it, or you rent it for a
short time. It is always accessible. The transformation to a more
sustainable society has really had several benefits” the neighbor continues. “It seems that people are healthier
and less stressed these days. I don’t know if it’s the food, the community feeling or the sense of materialistic
sufficiency that has had the greatest impact on people’s lives. The transformation wasn’t easy at first, look at all
others trying to do the same thing now. But the outcome is really something else than I expected back when we
started to talk about sustainability. I hope we’ll manage to turn the emission curves down before it’s too late
though. We’re just on the right side of the climate tipping point at the moment”.
When you go to bed that night you look back at the
transformation that the district has gone through over
the last ten years. The local industries and property
owners have made the leap, providing and distributing
sustainable energy with new technologies and
innovative organization models. The transport sector
runs on electricity and bio fuels. Renewable energy is
everywhere. Consumption is moving more and more
towards a service-based economy. It is fascinating
really. And as you lay down, you start to feel confident
in the future of humanity. You know what is possible to
achieve within a short time frame. You fall asleep, and
in the morning, you rise again, to a new day in the fossil
free city district that is known and recognize by so
many, as Hammarby Sjöstad.
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1. Introduction
What does it take to be a leader in the transformation to a fossil-free society? What can local
actors do to reduce emissions from their everyday activities and lifestyles in order to make their
city districts long term durable and sustainable? Climate change is said to be the greatest
challenge in the history of modern civilization. The rapid transformation of Earth’s climate
system is already causing severe damage to cities, forests, agriculture land and low-lying
countries. With an accumulation of trillions of tons of additional greenhouse gases heating up
the atmosphere, the global average temperature is expected to rise several degrees during this
century, creating a feverish ‘Hot-house Earth’ with inconceivable living conditions (Steffen et
al., 2018). In 2015, world leaders attempted to take hold of the issue by signing the Paris
Agreement stating that the increased global temperature should be held well below 2°C with
efforts to reach 1,5°C warming (UNFCCC, 2015). For this target to be reached, climate
scientists have stated that the world needs to halve global greenhouse gas emissions every
decade (Rockström, 2017). This pathway is referred to as the ‘Carbon Law’, which also
demands an end to deforestation and requires large scale investments in negative emissions
technologies to force carbon dioxide back into the ground. The Paris Agreement also states that
developed countries should take the lead in this transition and undertake absolute, economy
wide emissions reductions and that sustainable lifestyles and sustainable consumption are
necessary components in the transition (UNFCCC, 2015).
Cities have for a long time been considered to be drivers for sustainability. Hammarby Sjöstad
is an urban city district in the southern part of central Stockholm. It has an outspoken
environmental profile and is internationally renowned for its model on sustainable urban
development, striving towards energy efficient buildings, access to public transport and circular
waste management systems. A red thread for Hammarby Sjöstad has been to be ‘twice as good’
as Stockholm City with regards to environmental aspects (Svane, 2008). However, it has been
shown that some of the initial targets have not been reached and that unsustainable lifestyles to
a large extent dispels the image of the ‘sustainable city district’ (Svane, 2018; Wangel, 2013).
There is a growing debate in Sweden that emission reductions within territorial boundaries are
insufficient and misleading. Territorial emissions may easily be exported to other countries
where production is cheaper and environmental standards are less demanding. Therefore, it is
more rational to measure emissions from a consumption-based perspective, i.e., emissions from
the inhabitants’ consumption regardless of where the emissions are released. Moreover, the
consumption-based emissions are twice as large as the territorial emissions and even higher in
high-income areas (Naturvårdsverket, 2018a; Naturvårdsverket, 2018b). Hence, the reduction
potential for local actors is large when emissions from consumption are also included. This
thesis aims to stress this potential by creating a scenario that quantifies and qualitatively
describes what it takes for local actors in Hammarby Sjöstad to cut the consumption-based
emissions by half till 2030. The transformation will first be explored through individual
transitions that can lead towards a low-carbon lifestyle. These individual journeys will then be
scaled up to city district level, asking how many local actors must do how much, starting when,
for the target to be reached? The aim is also to propose for local actors in Hammarby Sjöstad
to adopt a consumption-based target, and a consumption-based mindset, as a concrete way of
striving towards being ‘twice as good’ as Stockholm City in the transition to a fossil-free
society. The transition covers the households’ consumption-based emissions divided into five
categories that are based on the approach developed by the Swedish Nature Protection Agency
(see Naturvårdsverket 2018a). These are Ground transport, Food, Housing, Aviation and Other
consumption.
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The thesis has three research questions:
1. What does it take for local actors in Hammarby Sjöstad to cut the inhabitants’
consumption-based GHG emissions by half till 2030?
2. Which individual transitions can local actors explore and follow to be part of meeting
the city district's overall target?
3. How many must do how much, starting when, for the Sjöstad’s target to be reached?
These three questions are deliberately explored using a futures studies approach of creating
scenarios that are both quantitative and qualitative in their design. The scenarios are in part
quantitative since calculations and assumptions based on statistics and scientific research
measures the climate impact of every part of the scenarios. The thesis is qualitative in the sense
that it also addresses the by whom question and thereby takes and actor’s perspective. Features
of storytelling in the ‘Image of the future’ also add to the qualitative part of the research.
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2. Background
2.1 Hammarby Sjöstad
Hammarby Sjöstad is a city district built on an old harbor in the southern parts of central
Stockholm. Over the years it has become internationally renowned for its environmental profile
and is often acknowledged to be a role model for sustainable urban development. The district
was originally planned as an ordinary brownfield development project during the early 1990s
but was completely remodeled in 1997 when Stockholm began lobbying for the 2004 Olympic
Games. Hammarby Sjöstad was planned to become the Olympic Village and a flagship for
Sweden’s work on sustainable development. An extensive Environmental Program was adopted
in 1997 including the outspoken aim to minimize the required energy supply in the new
buildings to below 60 kWh/m2 (Svane et al., 2011). Sjöstaden was early on marketed as being
‘twice as good’ as other contemporary projects. A unique project group was organized as a
collaboration between city offices supported by a network of consultancy firms, contractors,
construction firms and entrepreneurs, forming a powerful meta-governance assembly. The aim
of the group was to mutually learn and exchange knowledge on how to meet the challenging
targets in the Environmental Program and to continue to push the pace of the development, even
after Stockholm had lost the Olympic candidature to Athens (Svane, 2008). Since then,
Hammarby Sjöstad has become subject to frequent visits from worldwide international
delegations and similar environmental programs have been adopted by other city districts in
Stockholm such as the Royal Seaport. The major focus areas during the development of the
Sjöstad were transport, waste management and energy (Johansson and Svane, 2002).
Hammarby Sjöstad is today a well-planned urban area with a modern tramline and other urban
qualities such as interesting architecture and the vicinity to the Nacka Nature Reserve.
However, it has been shown that the result of the Environmental Program has not been fully
applied and some of the initial objectives are far from reached. The actual energy demand was
e.g. estimated to be nearly twice as high as the target. In fact, Iveroth & Brandt (2011) showed
that the environmental performance in Hammarby Sjöstad is similar to other contemporary
urban development projects.

2.2 ElectriCITY
As a response to the lack of target fulfillment in the Environmental Program, a citizens’
initiative named HS2020 was founded in 2011 with the aim of ‘Renewing a New City’ (Evliati
et al. 2015). One of the initial objectives was to explore how planning and development could
go beyond the regularly planning process of planning, constructing and refurbishing the
buildings, only with ordinary management in between. In 2014, the initiative became more
formalized as it became the economic association ElectriCITY, an ‘umbrella organization’ for
HS2020 projects and a test bed for research and new practices in sustainable urban development
(ibid). Some of the initial projects were Elbil2020 promoting electric vehicles, charging stations
an overall less travel in the district, as well as Energi2020 with the target to reduce the buildings’
energy demand with 15 percent to less than 100 kWh/m2 (ibid).
Today, ElectriCITY has over 30 environmental and sustainability projects and aims for
Hammarby Sjöstad to become the most climate friendly city district in Sweden. The economic
association has about 50 members and partners from businesses, research institutes and public
institutions that collaborate in various ways such as pilot projects and joint procurement
processes. ElectriCITY is still striving for Hammarby Sjöstad to be ‘twice as good’ as other
contemporary projects and also compared to Stockholm City in its climate transition
(Hammarby Sjöstad 2.0, n.d.). This thesis proposes to make this aim more precise and help to
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postulate a pathway that can be said to be ‘twice as good’ as other contemporary projects and
city districts.
The reason for choosing Hammarby Sjöstad as a research object for the backcasting study
derived partly from the fact that there was already an adopted local climate target in Sjöstaden,
and thus, something substantial to base the study on. The other reason was the innovative
culture and test-bed profile that makes Sjöstaden interesting in terms of sustainable urban
development. The research question “What does it take” originated from ElectriCITY that aims
to make Hammarby Sjöstad a climate neutral city district in 2030. The by whom question on
the other hand, derived from the theories on backcasting suggesting that a social perspective
should be applied to the study in order to make it more comprehensive and applicable.

2.3 The Swedish national target and Stockholm City’s target
On January 1, 2018, the Swedish climate policy framework came in place, stating that Sweden
must have reached net zero emissions by 2045 (Swedish climate policy council, 2018). This is
interpreted as 85 percent absolute emission reduction and 15 percent reduction through
complementary measures, such as Carbon Capture and Sequestration (CCS). This framework
was signed by seven of the eight parties in the Swedish parliament. The framework has an
interim target for 2030 stating that “By 2030, emissions should be at least 63 per cent lower
than in 1990. A maximum of 8 percentage points of that reduction may be made through
complementary measures” (ibid, p.14). It also reads that “In 2030, emissions from domestic
transport (except domestic aviation included in EU ETS) should be at least 70 percent lower
than in 2010” (ibid).
In 2015, the city parliament of Stockholm adopted the target to become fossil fuel free in 2040
(Stadsledningskontoret, 2016). This means that no fossil fuels are to be used within the borders
of Stockhom City by that year. The emissions within the municipal boundaries were 2,7 ton
CO2e per capita in 2014 and the emissions are targeted to reach 2,3 tons in 2020 (ibid). The
strategy focuses on three main areas that constitute the majority of the emissions, namely energy
for heating and cooling, local transport and resource effective processes. The 2040 aim,
however, states that 0,4 tons CO2e per capita will still remain in 2040, since fossil emissions
from waste incineration of plastic as well as aviation and shipping are likely to still exist by that
time. This will be compensated through negative emission technologies such as CCS. The 2030
milestone is targeted at 1,0 tons per capita. For Hammarby Sjöstad to be twice as good, it would
require emissions from housing and local transport to be less than 0,4 tons per person already
in 2030, including complementary measured through negative emissions. This is if the target
would only include emissions within the boundaries of the city district. As will be explored
throughout chapters of this thesis, it is argued that this mitigation approach is deficient, and will
not suffice to combat the risks of future climate change.

2.4 Setting a target for Hammarby Sjöstad 2.0
There are different ways of measuring and allocating greenhouse gas emissions. Territorial
emissions are emissions within the given geographical borders and include all activities that
take place within these boundaries. Territorial emissions (sometimes called production-based
emissions) are used for following up the national climate mitigation as described in the previous
section. These are also the base for Sweden's international climate commitments. Sweden's
territorial emissions of greenhouse gases were 52.7 million tons CO2e in 2017 and have been
marginally declining with around 2 percent per year since 2005 (Naturvårdsverket, 2018b). For
Sweden to reach its national target of net zero emissions in 2045, the reduction pace must be
11

on average 5-8 percent. The other way of measuring is through consumption-based emissions,
i.e. emissions that occur due to Swedish consumption, regardless of where the emissions take
place. These emissions were twice as high as the territorial emissions in 2017 (101 million
tons), a result of the Swedes’ high demand for imported goods as well as international aviation
and shipping. The consumption-based emissions have not been declining over the last two
decades. Divided by the number of inhabitants, these emissions account for about 10 tons of
CO2e per person. The consumption-based emissions are modeled through a so-called
environmental-expanding input-output analysis and have a higher uncertainty than the
territorial emission that are measured with an inventory bottom-up approach (ibid).
Since this thesis is interested in the emissions that local actors in Hammarby Sjöstad can
influence, emissions are measured and estimated using the consumption-based approach. A
territorial emission target would only include transport within the city district and energy
generation from local power supplies. Therefore, a territorial emission target would not be
enough to claim that Hammarby Sjöstad is a sustainable and climate adapted city district. As
Wangel (2013) claimed “A sustainable city: takes responsibility for counteracting climate
change and other environmental impacts”, “calculates its environmental impact and resource
use from a consumption perspective” and “includes all activities in the city in this calculation”
(p.12). To set a consumption-based target for GHG emissions is more ambitious than other
contemporary targets and hence a way of leading the climate transition. It is also in line with
the Paris Agreement stating that parties of the agreement are “Also recognizing that sustainable
lifestyles and sustainable patterns of consumption and production, with developed country
Parties taking the lead, play an important role in addressing climate change” (UNFCCC, 2015,
p. 22).
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3. Theory
3.1 Climate change
Human activities are increasingly causing rapid changes in the Earth’s climate system and have
increased the global average temperature with 1.0°C since pre-industrial times (IPCC, 2018).
The temperature is likely to increase to 1.5°C somewhere between 2030 and 2052 if the current
emission trend is not drastically curved (ibid). These anthropogenic emissions will continue to
cause severe long-term impacts to Earth’s natural systems and lead to increased global sea level
rise and amplified risks from extreme weather events such as droughts and heavy precipitation,
long after the emissions enter the atmosphere (ibid). Over last 10 000 years, the concentration
of carbon dioxide in the atmosphere has been unusually stable. This stability remarks the
geological epoch Holocene, that has been a prerequisite for the agrarian revolution and for
human civilization as we know it (Rockström et al., 2009). However, scientists argue that we
have now entered a new geological epoch, the Anthropocene, in which human activities steer
the future path of the climate system (ibid). Since pre-industrial times, the global concentration
of carbon dioxide in the atmosphere has risen from 280 ppm (parts per million) to 414 ppm in
January 2019 (Scripps Institution of Oceanography, 2019). It is estimated that this level needs
to be reduced to below 350 ppm in order to stay within a safe operating space for humanity.
The Paris Agreement, signed by the world leaders in 2015 states that we need to limit global
warming to “well below 2 °C above pre-industrial levels and pursuing efforts to limit the
temperature increase to 1.5 °C above pre-industrial levels” (UNFCCC, 2015). This would
significantly reduce the potential risks and societal impacts from climate change (ibid). Beyond
2°C warming, the earth poses severe risks of exceeding planetary thresholds and enters a selfreinforcing feedback-loop in which the earth’s climate system continues to increase the global
temperature even after human emissions stop, leading to what scientist call a “Hothouse Earth”
(Steffen et al., 2018). Yet, global CO2 emissions continued to rise in 2018 and are likely to
continue to grow even in 2019 (World Resources Institute, 2019). This trend is alarming and
there is an urgent need for developed countries to undertake rapid and absolute, economy-wide
emissions reductions as agreed in the Paris Agreement. Halving emissions every decade and
vastly scaling up negative emissions in accordance with the concept of Carbon Law (see below)
can get humanity on this safe path (Rockström et al., 2017). This scientific background on
climate change sets the overarching agenda for this thesis.

3.2 Science based policies targets for climate mitigation
This thesis seeks to answer the question of how the inhabitants’ consumption-based emissions
in Hammarby Sjöstad can be reduced by 50 percent to 2030. This target is adopted from the
science-based mitigation scenario that Rockström et al. proposed in 2017. The scenario
provides a roadmap for rapid decarbonization by requiring a halving of global CO2 emissions
every decade for a likely chance to stay under 2°C warming during this century. This model
has since its formation been frequently referred to as the ‘Carbon Law’. It is based on a
remaining carbon budget of about 700 GtCO2, meaning that this amount of carbon dioxide can
still be emitted during this century in order to stay below 2°C global warming (ibid).
There are, however, several other interpretations of what a possible and probable sustainable
mitigation pathway could look like. There is for example currently a debate on how much
reliance scenarios should have on future negative emissions and how notions of equity should
be considered (see e.g. Larkin et al., 2017). The Carbon Law, as well as IPCC’s reoccurring
reports on climate mitigation include future reliance on large scale negative emissions to meet
the carbon budgets (Rockström et al., 2017; IPCC, 2018). This element has been criticized by
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some authors, since negative emission technologies are currently underdeveloped and highly
speculative and therefore propose a non-trivial risk of failing (Anderson et al., 2018). These
scenarios are also considering global average mitigation and do not address the aspects of equity
that are built-in to the Paris Agreement, stating that developed countries should reduce their
emissions faster than developing countries (UNFCCC, 2015). Andreson et al. (2018) have
claimed that Sweden needs to reduce its emissions by 10-15 percent per year in order to be in
line with the Paris Agreement, meaning that not even following Carbon Law is enough to meet
the target. Therefore, if the scenario includes negative emissions, and meeting the Paris
Agreement is the objective, the analysis also needs to answer the question ‘Who should be
responsible for these negative emissions?’.
However, Rockström et al. (2017) also state that “halving emissions every decade is marginally
more ambitious than the scenario actually presented” (p.1270). This can be interpreted as
possessing notions of equity, and according to the IPCC 1.5°C special report, it can even be
argued that a 50 percent emission reduction to 2030 is practically in line with the 1.5°C target
(IPCC, 2018). The IPCC 1.5°C special report has a global carbon budget of 420 GtCO2 for a
66 percent likelihood to not exceed 1.5°C by 2100, and a 580 GtCO2 budget for a 50 percent
probability. It further reads that roughly a 45% reduction of emissions is needed in 2030
compared to 2010 years levels (p.14), which almost corresponds to a halving of emissions
between 2020-2030, since global emissions in 2019 are only slightly higher than in 2010 (IPCC,
2018). This similarity between the Carbon Law and the mitigation pathway in the 1.5°C special
report is partly due to a change in the carbon budget from AR5 (IPCC, 2013) to the 1.5°C report
(IPCC, 2018) and partly because the budget expects a net carbon sink from Land Use and Land
Use Change (LULUCF) already by 2030, compared to 2045 in Rockström’s Carbon Law (ibid;
Rockström, 2017). Consequently, if the world sees a rapid reduction of emissions from
LULUCF and future negative emissions will scale up, a halving of emissions every decade
might even be enough to limit global warming to under 1.5°C.
For the purpose of this thesis, a science-based mitigation pathway that is more ambitious than
the Paris Agreement must be adapted to the local climate target. A halving of the consumptionbased emissions along with a support for negative emissions to reach even lower will be
required. If Hammarby Sjöstad gets on this path, this can be interpreted as a partial contribution
to the equity aspects that are written into the Paris Agreements. Even if it may not be fully
enough to cover all aspects of equity (the historic responsibility is huge), the pathway may be
seen as a huge step towards an active leadership in the climate transition.

3.3 Sustainable Urban Development
Cities and urban development have for a long time been viewed as solutions for sustainable
development (see e.g. Wheeler and Beatley, 2014; Talen, 2013; Glaeser, 2001). Cities have
throughout modern history gathered people around strategic geographical spots for increased
efficiency in production, trade, defense etc. Today, urban areas can be described as nodes in a
global network through which natural and human resources constantly flow (Wangel, 2013).
Sustainable urban development has, in the same manner as sustainable development, no
unambiguous definition. There is no commonly grounded manifesto for what sustainable urban
development is or what it should do (Wheeler and Beatley, 2014). In urban planning,
sustainable development has been described as a ‘triangle of conflicts’ between the green, the
growing and the just city (Campbell, 1996). This triangularity stems from the generally
accepted definition of sustainable development as an inclusion of environmental, economic and
social aspect (ibid). But as Smith and Farley (2013) put it: Sustainability: if it's everything, is it
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nothing? The ambiguity in the concept has allowed for several urban sustainability theories to
emerge. In the recent decades, urban planning has become increasingly driven by concepts such
as new urbanism and smart growth, promoting features of diverse land use, densification, mixed
transport modes, improved walkability and overall quality of life (see e.g. Talen, 2013; US.
Environmental Protection Agency, 2011). Cities are often fancied as drivers for development,
consumption and economic growth (see e.g Glaeser, 2001). This can be vied as part of the
ecological modernization discourse that sees decoupling of economic growth and natural
resource use as the long-term solution for unsustainable practices (Lidskog and Elander, 2012).
Such viewpoints are manifested as believes that economic growth can be combined with
reduced CO2 emissions (Hult, 2017). It has been argued that this approach is convenient for
policy making since it does not require any major changes to the economic system and to
societal institutions (ibid). Lindskog and Elander (2012) claim that this has been the main
approach to recent environmental policy making in Sweden. There are, however theories that
suggest that the hegemonic theories of ecological modernism and new urbanism do not suffice
to combat sustainability aspects such as climate change and increasing economic inequalities.
For long, there have been arguments claiming that societies have become too technocratically
-industrialized and separated from nature. These ideas are supported in theories such as deep
ecology (see e.g. Devall and Sessions, 1985). More recently, the debate is driven around
concepts such as ecological postmodernism, eco-feminism and ecocentrism with the common
purpose of challenging the hegemonic economic growth paradigm and its combability with
environmental protection and ecosystem support (see e.g. MacGregor, Doyle and McEachern,
2015). There is also a current debate on just transition, arguing that the transition towards a
low-carbon society must be inclusive and not put too much pressure on already exposed
communities (see e.g. Newell, 2013). Wangel (2013) has questioned the phenomenon of
proclaiming modern cities as sustainable when there is really no stop to the increasing
consumption and travel behaviors that many city dwellers are taking part in. In fact, even in an
environmentally progressive country like Sweden, there has been no significant decoupling
between economic growth and consumption-based emissions (Naturvårdsverket, 2018a; SCB,
2016). These facts put even higher pressure on cities as future solvers of climate change and
other sustainability aspects. The contribution of this thesis may be the insight of what it actually
would take for a city or a city district to be anywhere near a pathway towards sustainable urban
development in terms of climate mitigation.

3.4 Smart, circular and sharing cities
Digitalization and urbanization are two of the most significant megatrends in the 21st century.
Together they bring, sometimes uncritically, the promise of providing work, space, services and
a higher quality of life to billions of new urban dwellers in the coming decades (see e.g.
Neuvonen et al., 2015). As urbanization is putting higher pressure on the functions and
infrastructures of contemporary urban areas, digitalization carries the ability to optimize these
elements by providing efficient solutions for mobility, communication, energy use and resource
flow. This notion of the ‘smart city’ is often claimed to be a motor for sustainable urban
development (ibid). E.g., Information and Communication Technologies (ICT) have been
estimated to be able to reduce global greenhouse gas emissions with 8-15 percent in 2030
(Malmodin and Bergmark, 2015) and shared electric vehicles can reduce emissions by an order
of magnitude compared to privately owned combustion engine cars when including a full lifecycle perspective (see e.g. Romare and Dahllöf, 2017; ICCT, n.d). In this sense, the ‘smart city’
is a driver for the so-called sharing economy, in which goods and services are no longer owned
by a single user, but are rather temporarily accessed by the members of a certain network
(Neuvonen et al., 2015). Common features of the smart city cover e.g. smart meters, coworking
spaces, neighborhood apps, heating-, solar-, or mobility-as-a-service, circular economy, sharing
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services, home delivery systems, fab labs and so on (see Neuvonen et al., 2015). In 2020, as
much as 50 billion devices are expected to be connected under the concept Internet of Things
(IoT), allowing for more and more things to be organized, connected and optimized (ibid).
However, there are drawbacks and potential risks associated with increased digital reliance in
urban functions. Ringenson et al. (2017) state that higher complexity can increase the
vulnerability of important socio-technical systems in cities and make them susceptible to
external events such as power blackouts, natural disasters, damage or simply user overload.
Increased digitalization also makes the cities more dependent on imported hard- and software
for monitoring and control, which can be problematic for geopolitical reasons (ibid). The
increasing amount of hardware needed for sensors and batteries also contributes to e-waste and
a higher demand for rare earth minerals from geopolitical conflict zones (see e.g. Friends of the
Earth Netherlands, 2015). Integrity and questions regarding who owns the data are also
contemporary aspects to consider. Therefore, it is argued that digital solutions should be backed
up with analogue alternatives and that an increased public dialogue should precede a future
expansion of new solutions in the smart sustainable cities (Ringenson et al., 2017). For the
purpose of this thesis, it is interesting to consider the areas where sharing and digitalization can
contribute to lowered climate impact.

3.5 Urban governance
This thesis tries to answer two very general questions, what change is necessary and by whom?
Governance plays an important role in answering the latter one. In recent decades, the term
governance has been used in the urban planning literature to describe the development from
traditional ways of governing towards a more network-based approach (see e.g. Stoker, 1998;
Faludi, 2012; Agger and Löfgren, 2008; Rydin, 2012). Rydin (2012) defines governance as “a
policy system in which formulation and implementation operate through networks” (p. 47).
Governance has also been described as the transition from state autonomy to societal control
(Pierre and Peters, 2005). The term is, however, differently used by various authors (Wangel,
2011a). Since the 1980’s and onwards, elements similar to governance have also been common
in other fields such as business management and natural resource management (Rydin, 2012).
A common feature has been the strive for decentralized power structures and the allowance for
decisions to be made closer to where change occurs, something that was propagated in the late
20th century in e.g. Elinore Ostrom’s book Governing the Commons and Jan Carlzon’s Moments
of Truth (Ostrom, 1990; Carlzon, 1989). During the 20th century, governing was mostly
characterized by states, regions or local governments producing welfare services and firmly
governing societies (Rydin, 2012). However, this hierarchal governmental structure is not
sufficient to describe the contemporary ways in which societies are managed. Citizens,
corporations and other non-governmental actors are nowadays much more engaged in the
planning and steering of society (ibid). This development has partly been described as a part of
the increased privatization of governmental services under the term new public management
(see e.g. Stoker, 1998), but also as the development towards a more extensive public
participation process. This aspect highlights governance as a more collaborative approach to
governing which brings the potential to grow public engagement and strengthen democracy
(Rydin, 2012). There has also been critique directed towards governance in that it leads to
uncertainty and unpredictability in decision making. Stoker (1998) argues that the “blurring of
responsibilities can lead to blame avoidance or scapegoating” and that the “emergence of selfgoverning networks raises difficulties over accountability” (p. 19). Agger and Löfgren (2008)
further argue that collaborative planning raises questions of “who participates, who initiates the
deliberations, and who is excluded?” (p.150).
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A common way to address the issues of who is included is by conducting a stakeholder analysis.
A stakeholder is generally defined as someone or something that is affected by or has the ability
to affect the outcome of a decision (Freeman, 1984). Stakeholder analysis is then a way of
studying a network in order to generate “information on the ‘‘relevant actors’’ [and] to
understand their behavior, interests, agendas, and influence on decision-making processes”
(Reed et. al., 2009, 1934). Stakeholder analysis can also be used to avoid rising conflicts and to
lift different perspectives before acting (Prell et. al., 2009).
Wangel (2011b) claims that future studies and backcasting have historically left out the social
aspects of change by merely focusing on the questions of what needs to change and how but
failing to ask the question of who should change. In a review of several backcasting studies,
there were only a few that acknowledged social structures and agents of change (ibid). Wangel
argues that adding actors and governance to the backcasting study can make it “more sociotechnically consistent and comprehensive” (ibid, 881), meaning that it broadens the perspective
of the study. It can also help to identify if there are prevailing social structures that restrains the
possibilities for change (ibid). In a related paper, Wangel (2011a) presents four ways that actors
can be added to a backcasting study, one of which is by applying a stakeholder analysis
approach. This thesis uses a basic form of stakeholder analysis to answer the question of who
needs to do what it takes to cut consumption-based emissions by half in 2030.

3.6 Meta-governance
This thesis considers ElectriCITY to be the meta-governor for Hammarby Sjöstad 2.0, the
scenario in which the 2030-target is fulfilled. The organization thereby acts as a ‘spider in the
web’ by managing and influencing key actors in the local climate transition. Meta-governance
is said to be the “regulation of self-regulation” (Sehested, 2009, 248). This regulation, however,
does not obey to traditional hierarchal structures, bureaucratic rules and detailed regulation, but
rather refers to a central actor’s role to frame the overall agenda and manage negotiations
through ‘governance without government’. Sehested (2009) highlights four main functions of
the meta-governor. These are network framing - setting the overall agenda and common targets;
network design - inviting key actors to utilize their strategic capacity; network management –
facilitating and influencing negotiations; and network participation – taking an active part in
the process. The interesting network character in Hammarby Sjöstad, with ElectriCITY and its
affiliated partners, can in large parts be described through the theories of meta-governance and
‘governance without government’. This thesis considers this assembly to be a promising
condition for sustainable urban development and for the fulfillment of the 2030-target.

3.7 Futures studies
Futures studies is a broad research field that consists a variety of different approaches and
practices that are sometimes difficult to define (Börjeson et al., 2006). These elements range
from climate models and economic forecasts, to strategic policy frameworks and visions or
images of the future (ibid). A general purpose of futures studies is often argued to be the
exploration of possible, probable and preferable futures (Amara, 1981) or to simply answer the
questions ‘What could be?, ‘What is likely to be’ and ‘What ought to be?’(Börjeson et al., 2006;
Bell, 2003). Bell (2003) describes the over-all purpose of futures studies more openly to be
about the maintenance or improvement of freedom as well as the welfare of humankind and to
“contribute to the well-being of both presently living people and […] of future generations”
(ibid, 73). The ability to understand and predict what the future may hold is important not only
in research, but also in planning and decision making (Bell and Olick, 1989). It can help actors
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to prepare for different futures and be able to cope with uncertainties and change, something
that is highly required in the 21st century (Dreborg, 2004; Brugnach et al., 2008).
A common method used for exploring different futures is scenario building. Börjesson et al.
(2006) propose a framework for different scenario typologies and argue that future scenarios
can be either described as predictive, explorative or normative. A predictive scenario typically
takes shape as a forecast or prognosis and seeks to answer the question ‘What will happen?’ by
extrapolating current trends into the future. An explorative scenario answers the question ‘What
could happen?’, either to the development of the outside world (external) or as a response to
how we 51 to act in a given situation (strategic). In this case, the explorative scenario is mapping
the local actors’ fields of options and exploring where the potential freedom of action lies.
Finally, the normative scenario asks ‘How can a specific target be reached?’. The targetfulfilling scenario is normative in the sense that a certain future is preferable (ibid). This is the
approach taken for this thesis. The scenario Hammarby Sjöstad 2.0 asks how many must do
how much, starting when, for the Sjöstad’s target to be reached, and assumes that this target
will lead to a preferable future.

3.8 Backcasting
Backcasting is a transformative normative scenario method that typically starts out from a
future target and moves backwards by describing and analyzing what needs to be done in order
for the target to be reached (Börjeson et al., 2006). The target should be of high importance and
require more than just incremental improvements in relation to the current trend. Backcasting
usually takes a long-term perspective of 25-50 years and is a useful method when prevailing
structures hinder target-fulfilment and the transition is extensive (ibid). Backcasting is therefore
suitable for addressing issues such as sustainability and climate change that will not be solved
within current societal structures and by following current trends (Höjer et al., 2011; Höjer and
Mattsson, 2000). Höjer and Mattsson (2000) further argue that backcasting should only be used
when there is a “willingness to, and belief in, change” (p. 629). Hence, futures studies in this
case, is not just about making adjustments to the current path but, but about the belief that
planning can markedly change the outcome of the future (ibid).
Backcasting has been chosen as a method for this thesis because of the transformative nature
of climate change and the transition that is needed in order to combat it. Numerous structural
obstacles prevent us to move towards a sustainable future based on current trends and structures.
Hence, there is an urgent need for new futures to be explored with scenarios that describe
possible and preferable ways towards the fulfillment of ambitious climate targets.

18

4. Method
4.1 Work process
This Master of Science thesis was conducted during 20 weeks in the spring of 2019, covering
30 credits on advanced level. The work load is equivalent to that of a full-time job with 8 hours
of work per day. Most of the work was done alone except for the participation in Monday
meetings with the research program Sharing Cities as well as with ElectriCITY. Meetings for
supervision were held with the supervisor on a regular basis with additional e-mail
correspondence for minor queries. Also, participation in research seminars, conferences and
other activities were also part of the work process.

4.2 Research strategy
This thesis used mixed methods including a desktop study of internet sources and scientific
literature as well as a critical seminar and a stakeholder analysis. The overarching research
strategy of the project was to develop images of the future illustrating the climate transition in
Hammarby Sjöstad, with a focus on local actors. This is demonstrated in a backcasting study
of the city district that includes both predictive, explorative and normative characters. The
subordinate strategy included methods for collecting and processing data. This chapter
describes how the data was collected and the thesis delimited. Chapter 5 further defines the
processes in which the data has been used and analyzed through various calculations,
assessments and frameworks.

4.3 Desktop study
4.3.1 Literature review and data search
A desktop study including internet sources and scientific literature was conducted in order to
set the context for the background and theory sections. The selection of scientific literature was
based on previous courses and recommendations from the supervisor. The theory covered
research within the areas of climate change and climate mitigation; sustainable urban
development including smart and sharing cities; as well as urban governance; meta-governance
and futures studies. The theoretical framework was selected based on what research fields were
considered relevant for climate transition in an urban context. Various internet sources were
also studied in order to find background information on Hammarby Sjöstad and ElectriCITY.
Policy documents regarding climate targets and strategies for climate mitigation were also
thoroughly examined as input for both the background section and for the theoretical
framework.
Data was obtained from various sources with the most prominent including statistics from
Naturvårdsverket, SCB, Energimyndigheten and Stockholms stad but also from other scientific
studies including other backcasting studies, LCAs, emissions factors and other environmental
assessments. Local data were also obtained from a local travel habits survey, energy
declarations, vehicle statistics etc.
4.3.2 Scenario development
The overarching research strategy for this thesis was to develop a future scenario for the climate
transition in Hammarby Sjöstad in accordance with the Carbon Law. The main scenario in this
backcasting study is Hammarby Sjöstad 2.0. In addition, two other scenarios were developed
as a reference to the normative scenario: The Business as usual scenario and the Stockholm City
scenario. The Business as usual scenario is a predictive scenario on national level that answers
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the question ‘what will happen if we continue to reduce emissions at the same pace as during
the last 5-10 years?’ This scenario is a prediction of how things may turn out if we continue on
the same mitigation pace as today. It is external, meaning that it influences the local actors’
activities but cannot be influenced by them. In this case, local actors do not influence the
outcome of the scenario, since it plays out on a national level. The Stockholm City scenario is
also external, but rather than being only prognostic, it is both predictive and explorative. It
contains a prognostic business as usual trend for food and other consumption but an explorative
analysis of the development for ground transport and housing. The scenario assumes that
Stockholm City is halfway to meet its target ‘Fossil-fuel free Stockholm 2040’ by 2030 and
explores how the consumption-based emissions will decrease as a result of this target being
fulfilled. For aviation, the prediction is based on a report from Stockholms stad (2017).
The main scenario, Hammarby Sjöstad 2.0, is a distinctly normative scenario. It asks the
question “How can a certain target be reached?”, and more specifically “How can the
consumption-based emissions in Hammarby Sjöstad be cut by half till 2030? The scenario is
both qualitative and quantitative, meaning that it answers the question both through calculations
and through a descriptive perspective that also takes on an actor approach.

4.4 Seminar
Approximately seven weeks into the project, a critical seminar with eight participants from
ElectriCITY was held in Hammarby Söstad. The seminar began with a presentation of the
quantitative draft results of this thesis including a suggested city district scenario to meet the
consumption-based target. The participants were then asked to fill out a questionnaire with three
questions (see Appendix 1). An open round table discussion followed the presentation and the
overview of the questions. Notes were taken on more general feedback such as names for the
individual transitions, alterative actions and the applicability for Hammarby Sjöstad. The
questionnaire provided critical input to the relative distribution of the reduction potential in the
five categories. The participants were informed of the voluntariness to participate and that
answers would be handled as anonymous. The seminar lasted for 1,5 hours.

4.5 Stakeholder analysis
By the end of the research period, a similar seminar was held with ElectriCITY in Sjöstaden,
this time focusing on different actors’ and their roles in the local climate transition. The
participants were asked for input through a short brainstorming exercise aiming to identify 510 primary change agents for each of the five categories, as well as their required role for target
fulfillment. The seminar lasted for 30 minutes. Thenceforth, the actors and their roles were
merged into the Hammarby Sjöstad 2.0 scenario in chapter 6.3. The actor’s perspective
contributes to not only answer the question ‘what does it take?’, but also stresses the important
aspect of by whom?

4.6 Delimitations
4.6.1 Emissions
The thesis is delimited to cover the consumption-based emissions of the inhabitants in
Hammarby Sjöstad, measured in CO2e/capita. The thesis does not cover the territorial emissions
from e.g. the local power plant if these emissions do not contribute to the reduction of the
citizens’ consumption-based emissions. Hence, the citizens must ‘consume’ heat from the local
power plant for these emissions to be included in this thesis. Furthermore, the thesis only
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includes emissions from what Naturvårdsverket call ‘The households’ consumption”, meaning
the households’ private consumption. Emissions from e.g. business journeys are included in the
products that the households consume and not as a part of the aviation category.
4.6.2 Spatial delimitation
The thesis is delimited to cover the residents in the city district Södra Hammarbyhamnen, often
referred to as Hammarby Sjöstad (see figure 1). The thesis is thus delimited to include all
residents that are permanently living in this area. A population of 18 648 people (2018) has
been used for estimation baseline emissions per person. Whether or not the population increase
till 2030 is insignificant to this thesis, since emissions are measured per person.

Figure 1. Map of the city district Södra Hammarbyhöjden (Google, n.d.)
4.6.3 Time scope
The backcasting study covers one decade from 2020-2030. In many cases, the statistics are from
2016-2018. In these cases, data are extrapolated up till 2020 using current trends. This is further
described in chapter 5.
4.6.4 Local and external actors
The thesis distinguished between local and external actors that all play an important role in the
climate transition and the target fulfillment. A local actor is defined as someone who lives or
acts in Hammarby Sjöstad. This can be a resident, a local business or organization, a school or
group of residents forming e.g. a housing cooperative. An external actor is someone who
primarily acts outside of the city district. This may be the municipality, the state, a company or
organization that mostly provides goods or services to residents outside of Sjöstaden. These
innumerable actors are also collectively driving the technological development that the
backcasting scenario also relies on.
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4.6.5 Categories
A division of emissions into five categories has been made based on Naturvårdsverket’s
national statistics but further adopted to fit local conditions. The categories that measure the
citizens’ consumption-based emissions are Ground transport (car, train, public transport etc.),
food, housing, aviation and other consumption. More about this in the following chapter.
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5. Theoretical framework, assumptions and calculations
Based on the input from the desktop study, the seminar and the stakeholder analysis, the
following chapter describes how baseline emissions and trends were identified and assessed. In
Appendix 2 and 3, further descriptions of the calculations are presented more thoroughly.

5.1 Baseline emissions – Sweden
This section estimates the baseline emissions in Hammarby Sjöstad from a consumption-based
perspective. The estimates were to a high degree based on Naturvårdsverket’s statistics for
national consumption-based emissions, with adjustments based on other publications and local
data such as average salary, vehicle statistics, travel habits and energy use. A comparison was
done with Bolin et al. (2013) who calculated consumption-based emissions from different
income groups in Gothenburg, using a bottom-up approach. Bottom-up calculations use local
data and activities among the citizens obtained through e.g. travel statistics and interviews on
consumption patterns that later are matched to LCA data on emissions.
According to Naturvårdsverket (2018b), the consumption-based emissions in Sweden were
approximately 10 tons per person in 2016 (see figure 2). This thesis focuses on emissions that
the local actors in Hammarby Sjöstad can directly influence. Hence, the study was delimited to
include the households’ consumption-based emissions using Naturvårdsverket’s categorization.
The category Public consumption and investments is mostly controlled by public institutions
and businesses and has therefore been excluded (Naturvårdsverket, 2018b).

Sweden's consumption-based emissions
(CO2e/person and year)
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1,1

1,1
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CONSUMPTION OTHER CONSUMPTION

Sweden
Figure 2. Sweden’s consumption-based emissions 2016 (Naturvårdsverket 2018a, SCB, 2018a).

5.2 Baseline emissions – Hammarby Sjöstad
The Household’s consumption-based emissions accounted for 6,3 tons per person in 2016. For
Hammarby Sjöstad, the 2020 baseline emissions were estimated for the five categories using
the statistics mentioned above as well as an extrapolation of current trends between 2016 and
2020. All the estimated numbers for Hammarby Sjöstad’s baseline emissions in 2020 are shown
in figure 3. Calculations and assumptions behind the baseline emissions are further described
in Appendix 3.
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Hammarby Sjöstad baseline emissions in 2020 (ton
CO2e/person and year)
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Figure 3. Baseline emissions in Hammarby Sjöstad in 2020. Consumption-based emissions per person
(tons CO2e/person).

5.3 Business as usual and Stockholm City
In this section, the national Business as usual scenario and the Stockholm City scenario are
developed and illustrated in graphs. These two scenarios are used as references to the normative
scenario Hammarby Sjöstad 2.0. The predictive Business as usual scenario illustrates what will
happen if we continue to reduce emissions at the same pace as during the last 5-10 years? The
Stockholm City scenario is predictive and explorative and illustrates what will happen if
Stockholm City fulfills all its climate target?
5.3.1 Ground transport
For Ground transport, the Business as usual scenario is based on the national trend of territorial
emissions per person between 2008 and 2017. The scenario predicts a linear decline of
approximately 3 percent per year (see gray line in figure 4). Thus, emissions from cars and other
road vehicles seem to be heading in the right direction, although at a pace that is too slow to
meet any of the ambitious targets that both Sweden and Stockholm City have set. Also, new
numbers from 2018 are showing that the decreasing trend has stopped and that emissions are
rising again (SVT, 2019). These new numbers are however not included in the study since the
Swedish National Protection Agency (Naturvårdsverket) is updating the statistics less
frequently.
Stockholm City has a target to become a fossil-fuel free city in 2040. In concrete terms, the
target implies a reduction of territorial emissions from 2,2 tons of CO2e per person to 0,4 tons
in 2040 (Stadsledningskontoret, 2016). The target includes both transport, heating an electricity.
The remaining 0,4 tons consist of waste incineration of plastics, aviation and shipping.
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Therefore, it is likely that emissions from road transport must be close to zero in 2040. This is
assumed to be the implication of the target.
The report presents a linear reduction of Stockholm County’s emissions from road transport
with a halving in 2030 and becoming fossil-fuel free in 2040 (Stadsledningskontoret, 2016). If
the city follows this path, emissions per person decline with 56 percent in 2030 compared to
2020 when including expected population growth (Stockholms stad, n.d). The city is working
on other investigations related to ground transport (Stockholms stad, 2018a), but the 2040 target
is the only officially adopted objective. Therefore, it is also the only estimate that this thesis has
included in the external Stockholm City scenario.

Business as usual and Stockholm City target Ground transport (relative CO2e/person)

Percentage

100%

2020

44%

2022

2024

Business as usual

2026

2028

2030

Stockholm City

Figure 4. Ground transport. Business as usual trend and Stockholm City’s target (SCB, 2018c;
Stadsledningskontoret, 2016; SCB, 2018a; Stockholms stad, (n.d).

5.3.2 Food
The Business as usual scenario for food emissions is a middle way between two contradictory
data trends. A linear trend of the Swedish consumption-based emissions from 2008-2016
would, on the one hand, give an increase of 42 percent over 10 years. If the trend, however, is
based on the last five years (2012-2016), the trend predicts a reduction of 24 percent. These
numbers are based on Naturvårdsverket (2018a). According to calculations from SLU (The
Swedish Agricultural University) emissions were stable between 2011 and 2015
(Naturvårdsverket, 2019). This thesis uses a flat trend as a rough estimate, both for the national
trend and for Stockholm City (see figure 5).
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Figure 5. Food. Business as usual trend, also applied to Stockholm City (Naturvårdsverket, 2019;
SCB, 2018a).

5.3.3 Housing
The housing category also has a declining Business as usual trend based on Naturvårdsverket
(2018a), see figure 6. An extrapolation of the 2008-2016 trend to 2020-2030 leads to a 10
percent decrease in GHG emissions. As for the Stockholm City ground transport scenario, a
linear reduction of Stockholm’s territorial emissions is predicted, leading to a 56 percent
decrease in 2030 (Stockholms stad, n.d). This reduction pace is in line with the city’s plans to
phase out the coal in the heat and electricity extraction from Värtaverket by 2022. Getting rid
of coal will lead to a 50-60 percent decrease in emissions according to Stockholm Exergi,
leaving some 40-50 percent from oil and waste incineration left in the energy mix (Stockholms
stad, 2018b). In the same manner as the Stockholm City ground transport scenario, the housing
target only applies to territorial emissions (heating and electricity). This thesis uses a
consumption-based target for housing which also includes emission from maintenance,
services, hotel visits as well as furniture, white goods, carpets, interior design etc. (SCB,
2018b). For these emissions, it is generously predicted that the external development is 70
percent (see chapter 5.4.3) leading to an overall decrease of 60 percent between 2020 and 20301.

1

2/3*0,44+1/3*0,3 = 0,4
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Business as usual and Stockholm City target Housing (relative CO2e/person)
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Figure 6. Housing. Business as usual trend and Stockholm City’s target. Dotted line = 2008-2016 trend
(Naturvårdsverket, 2018a; Stadsledningskontoret, 2016; SCB, 2018a; Stockholms stad, n.d)

5.3.4 Aviation
Larsson (2015) has made scenarios for the Swedes’ emission from private aviation. The
Business as usual trend is increasing rapidly as the Swedes are flying more than ever. According
to Åkerman (2012), emissions from the swedes aviation nearly doubled in 20 years, between
1993 and 2013. Larsson (2015) predicts a 4,1 percent increase per year in total person
kilometers from private aviation based on the historical trend. Even when using a high
technological development factor of 1,5 percent per year, emissions will continue to rise with
21 percent per person between 2020-20302 in the Business as usual scenario (see figure 7).
Stockholm City has two future emission scenarios for the Stockholmers’ aviation until 2040
(Stockholms stad, 2017). In these two predictive scenarios, the growing trend of total person
kilometers continues, and the technological efficiency increase is 2 percent per year3. Together,
this leads to a 10 percent increase in GHG emissions over 25 years with a successive growth
decline. Between 2020-2030 the increase is roughly 5 percent. However, Stockholm’s
population is at the same time expected to increase with 14 percent and emissions per person
will therefore decline by approximately 8 percent according to the two scenarios4.

(1,041 − 0,015)^10) = 1,29. Accounting for population growth gives 1,29/1,07 = 1,21
The generous efficiency rate may come from the prediction that domestic aviation has a larger potential than
international to mix in biofuels and renew the fleet.
4
1,05/1,14 = 0,92
2
3
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Business as usual and Stockholm City target Aviation (relative CO2e/person)
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Figure 7. Aviation. Business as usual trend and Stockholm City’s prognosis (based on data from
Larsson 2015; Stockholms Stad, 2017; SCB, 2018d1; Stockholms stad, n.d).

5.3.5 Other consumption
The Business as usual trend for other consumption (clothes, shoes, services etc.) is declining
slowly based on the Swedish consumption-based emissions trend between 2008-2016 (see
figure 8). If this development continues, emissions will be reduced with 14 percent during the
coming decade. This trend has been assumed to be representative for Stockholm city as well
since there are no targets for the Stockholmers’ emissions.
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Business as usual and Stockholm City target Other consumption (relative CO2e/person)
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Figure 8. Other consumption. Business as usual trend, also applied to Stockholm City
(Naturvårdsverket, 2018a; SCB, 2018a).

5.4 Technological development factors
For the scaled up, city district scenario, Hammarby Sjöstad 2.0, the transition includes actions
from both external and local actors. The technological development trends are used in the
Hammarby Sjöstad 2.0 scenario as a prediction of how large the contribution from external
actors will be. The prognosis for technological development is not equivalent to the Business
as usual scenario. Changes in the Business as usual scenario may come both from behavioral
change and from technical improvement, whereas the technological development factor only
considers emissions from ‘cradle-to-gate’ production. When the individual transitions are
scaled up to city district level, both behavioral changes (individual transitions by local actors)
and technological development are needed to meet the target.
The technological development may contain efficiency improvements in e.g. motors and
heating systems as well as an increased share of renewable energy in the Nordic energy mix or
in the district heating mix (external development). A switch from one car to another does not
qualify as a technological improvement, this is an individual transition (local action). Other
emission reductions from important external actors, e.g. IKEA’s, are also accented for,
considering their large-scale plans to reduce emission with 70 percent per unit in 2030. Thus,
the technological development factors are external contributions with both predictive and
explorative characteristics, meaning that they predict what is likely to happen, and what could
happen if the external targets are met. The factors to the five categories are set to 3 percent per
year for Ground transport, 1 percent for Food, 7 percent for Housing, 1,5 percent for Aviation
and 1,5 percent for Other consumption. The calculations and assumptions behind these factors
are further explained in Appendix 3.
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The next section explains how the Carbon Law target was applied to the five categories and
how the distribution between them was established.

5.5 Theoretical framework – scenario development
Figure 9 shows the theoretical framework that was used to develop the main scenario –
Hammarby Sjöstad 2.0. The normative city district scenario depends both on individual
transitions and external contributions. The individual transitions are enabled by the primary
agent of change with support from other local actors, exploring what could happen if local
actors follow certain pathways. The external contributions explore how the fulfillment of
external targets, as well as predictions of future efficiency improvements and renewable energy,
could influence the citizen’s consumption-based emissions.

Hammarby Sjöstad 2.0

Normative
External contributions

Individual transitions
(local actors)

(external actors)

Explorative

Primary agents of change

Citizens, BRFs

Other local actors
Businesses, institutions

Predictive/Explorative

Improvements in
technological efficiency
and renewable energy

Predictive

External targets

Explorative

Figure 9. Hierarchal structure of the scenario development for Hammarby Sjöstad 2.0.
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6. Results
6.1 A scenario for meeting the target
A pathway for fulfilling the target of halving the consumption-based emissions in Hammarby
Sjöstad is presented in figure 10. The scenario lowers the consumption-based emissions from
7,7, to 3,85 tons CO2e per person year. The interrelationships between the five categories are
based on the feedback from the seminar as well as the potential for technological development
and the author’s own plausibility assessment. The result composes the local Carbon Law target
of halved emission between 2020 and 2030. Ground transport faces the largest mitigation pace
with almost 90 percent emission reduction. Food requires a halving of the consumption-based
emissions and housing needs roughly 80 percent. The transitions within Aviation is slightly less
transformative, since the potential for short term technological improvement is lower and the
inertia for change was considered higher. Aviation needs a 30 percent reduction whereas Other
consumption faces almost a halving of emissions till 2030.

Hammarby Sjöstad's Carbon Law Transistion

2,4
2,0

1,7
1,0

0,6

1,0

0,1

GROUND
TRANSPORT

1,7
0,9

0,2
FOOD

HOUSING
2020

AVIATION

OTHER
CONSUMPTION

2030

Figure 10. Hammarby Sjöstad’s Carbon Law transition. From 7,7 to 3,85 tons per person and year
between 2020 and 2030 (ton CO2e/person).

The transition requires joint actions from a number of local actors. However, the citizens of
Hammarby Sjöstad are in most transitions considered to be the primary agents of change. In the
following chapter (6.2), the individual transitions that can contribute to reduced climate impact
are explored for each of the five categories. They compose individual actions such as car
changes, alternative diets, lowered energy use, alternative vacations and more conscious
consumption habits. The individual transitions are explorative in the sense that they explore
various options that could lower emissions per person. In chapter 6.3, these transitions are
scaled up to city district level in order to see how many must do what, and when, for the overall
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target to be reached. The individual transitions are presented in present tense, whereas the
Hammarby Sjöstad 2.0 scenario takes a futures perspective, describing the transition from a
2030 viewpoint.
The next chapter, 6.2, explores the fields of options for individual transitions that the citizens
can follow. The chapter seeks to answer the second research question, namely: Which individual
transitions can local actors follow to be part of meeting the city district's overall target? The
transition for Ground transport presents two opportunities: Going electric and Going biofuel.
For food, three alternative diets are explored below. These are the Meat mitigator, the
Vegetarian and the Climate carnivore. One food transition also explores Reduced food waste.
Alternatives for climate friendly long-distance travel are further presented under Aviation in
the transitions An air-free year and I’ll stay of the ground. Finally, The Conscious consumer as
well as Sustainable deliveries explore the potential to lower emissions from Other consumption.

6.2 Individual transitions
6.2.1 Ground transport
What can the individual (or the households) do to reduce emissions from Ground transport? In
2020, the typical person in Hammarby Sjöstad drives approximately 3 000 km per year with a
privately-owned fossil driven automobile5. The transitions explore how car owners in
Hammarby Sjöstad can contribute to the local target by either sharing the car, changing fuels
or buying a new car with lower emissions.
Going electric
The environmentally cautious Sjöstader makes a firm decision to go fully electric during the
coming decade. The household makes two car changes. The first change is to a plug-in hybrid
with a 10kWh battery (∼50 km range). In the second change, five years later, the private car is
abandoned in favor of a new mobility system with electric self-driving taxis and mobility-as-aservice. The total mileage remains at the same level, but the cars are shared and run fully on
electricity. The first step reduces emission with 56 percent and the second step with 86 percent
compared to a conventional car (see calculations in Appendix 2).
Going biofuel
In this transition, the household trades the fossil driven car to a diesel that is approved for
HVO100 (biofuel). Filling the tank with HVO100 gives a 74 percent reduction in CO2e
emissions including the full lifecycle of the car. Five years later, the need for a private car in
Sjöstaden is significantly reduced and the household members start to use public transport for
everyday mobility and rent or share a biodiesel for longer trips that amounts to 1 000 person
km per year. Emissions are reduced by 90 percent compared to the conventional car.

5

Estimate based on local travel habits investigation made by Markus Robért in 2018.
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6.2.2 Food
In these transitions, alternative diets for reduced carbon footprints are explored. The transitions
may be seen as a stairway for the Sjöstaders to first reduce their meat consumption, then try a
vegetarian diet and perhaps end up in a new kind of alternative diet where low-impact meat
such as poultry and fish are included (see figure 11).
Meat mitigator – reducing meat consumption
As a first step towards lowering greenhouse gas emissions from food consumption, the Meat
mitigator reduces the amount of meat, including fish and eggs, by 20-30 percent6. The meat is
replaced with legumes, cereals and vegetable oils to maintain the nutrient intake. This reduction
does not only lead to a reduction of GHG emissions, but also to health benefits (see e.g. Willet
et al. 2019). The diet corresponds to a reduction of about 15 percent in total GHG emissions
compared to the 2020 baseline.
Vegetarian – going green
As a next step, the households go further by
excluding all meat and increases the intake
from diary, eggs and legumes. The
consumption of cheese rises significantly.
The vegetarian diet reduces emissions with
approximately 40 percent compared to
baseline7.
Climate carnivore – from red to white meat
Becoming a Climate carnivore is an
alternative step towards a climate friendly
diet. Ruminant meat (or red meat, i.e. beef
and muffon) is here fully replaced with
poultry, fish and legumes. Pork, eggs and
other meat products remain at baseline
level, but dairy products are substituted
with oat milk, soy milk and vegetable oils.
This diet consumes the same amount of
meat but limits some of the most GHG
intensive foods such as beef, mutton,
cheese, milk and butter. The Climate
carnivore reduces emissions by 50 percent
compared to baseline.
Reduced food waste
The household reduces its unnecessary
food waste with 50 percent along with a
total waste reduction within the food chain
of 20 percent. This leads to a 2 percent
decrease in total food emissions (see
Appendix 2).

6
7

Figure 9. Emissions from various diets in Sweden [kg
CO2-e/capita/year]. B = baseline (current diet), MM =
Meat mitigator, VEG = Vegetarian, CC = Climate
carnivore. From Bryngelsson et al. (2016).

All emissions from food are based on diets from Bryngelsson et al. (2016)
Culled diary milk cows are excluded compared to Bryngelsson et al. (2016)
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6.2.3 Housing
For the Housing category, three alternative transitions for individual actors are explored. These
are Going solar, Reducing energy demand and Reducing power demand. In these transitions,
the housing cooperatives (BRFs) are primary agents of change.
Going solar
As the cost of solar cells are dropping every year and off grid solutions are now cheaper than
on-grid electricity in many cases, the housing cooperatives in Hammarby Sjöstad start to put
solar cells on all applicable roof tops in the district. Another possibility also arises with the
emergence of the integrated thin film solar cells that can be put on the buildings’ facades. If all
electricity is produced with solar, emissions decrease with 63 percent compared to the average
Nordic electric mix between 2013-2017 (see Appendix 2 for calculations).
Reducing energy demand
The BRFs in Hammarby Sjöstad become even more ambitious than before and start to take the
measures to reduce the buildings’ energy demand by installing heat pumps, optimizing existing
energy systems, changing light bulbs etc. A halving in energy use from 120 to 60 kWh/m2 may
be achieved by any given BRF already in 2020. Emissions decrease correspondingly, if not
more. Large systems for both energy reduction and solar cells are jointly procured as a result
of tight collaboration between the BRFs, Sjöstadsföreningen and ElectriCITY.
Reducing power demand
A couple of BRFs in Hammarby Sjöstad decide to invest in energy storage and block chain
solutions as a complement to district heating and powerline electricity. By doing so, the
property owners save money on their energy bills and some of the worst marginal emissions
are prevented. These measures have a large potential to reduce overall emissions (see Appendix
2) but the scale to which this is achievable is uncertain. For long periods of cold nights, there
may be a shortage of energy and power in most houses and the indoor temperature must
consequently be lowered. Further investigations must hence be done in order to estimate the
full potential of reduced power demand and whether or not this is feasible.
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6.2.4 Aviation
An air-free year
A household in Harmmarby Sjöstad decides to explore Europe
without flying for a full year. A household of four that
typically used to fly to Thailand in the winter now goes to
Amsterdam by train. Other alternatives are bus or a fuel
efficient car. This reduces emissions from 2,8 to 0,1 tons per
person (see Box 1). The household also goes by train, bus or
a shared/rented electric car to the Swedish ski maintains
during the winter holiday. The climate conscious Sjöstaders
also rent a cabin in the archipelago or somewhere else in
Sweden. An air-free year reduces travel emissions with 96
percent compared to the 2,4 tons for the average Sjöstader.
I'll stay on the ground
The no-fly-Sjöstaders makes the decision to not use aviation
as a travel mode permanently. Chartered train-trips to
different destinations in Europe are frequently explored. The
typical Sjöstader, maybe a student or a retired couple, goes to
Barcelona in the summer and to the Alps is the winter. The
traveler also stays longer at each place to explore the area and
the local culture more closely. Local vacations to the
archipelago, spas or resorts are also common. To stay on the
ground in this case reduces travel emission with 85 percent on
a yearly basis compared to the average Sjöstader.

Box 1. Emissions from
long-distance travel
[CO2/person]. Examples
Stockholm – Puket, Thailand
Aviation – 2 800 kg
Stockholm – Amsterdam
Car (4 persons) – 120 kg
Bus/train - 87 kg
Stockholm – Barcelona
Bus/train - 216 kg.
Stockholm – Rome
Bus/train 194 kg.
Stockholm – Val d’Isére
Bus/train 137 kg
Stockholm – Åre
Bus/train – 14 kg
(87 + 14)/2400 = 0,04
(216 + 137)/2400 = 0,15
(Klimatsmart semester, n.d)

6.2.5 Other consumption
The Conscious consumer
As for aviation, the individual citizen can markedly influence his or her consumption patterns
and is therefore considered to be the primary change agent. The transition is made possible
through a general reduction in private ownership. The gap between what we own and what we
actually need is enormous, and for some people, the clutter has even become a burden. The
Conscious consumer takes the matter into own hands and starts to dematerialize his or her life.
Part of the transition towards fewer belongings is enabled by digitalization. Dedicated actions
towards replacing physical matter with digital, lowers the consumption-based emissions from
a consumption-based perspective. Things that the conscious consumer may not need any more
are films, CDs, cassettes, newspapers, magazines, books, textbooks, GPS, cameras, printers,
larger tools and related storage equipment. Digitalization may also enable the sharing economy
in various forms. It may be through the sharing of goods, services, information or even
experiences that all become more accessible and available once they get connected to the
‘Internet of Things’. This is e.g. enabled as information on the position and status of the shared
unit is available for everyone to see. Also, real estate owners may promote the sharing economy
by providing joint facilities or storage spaces for toys, games, tools, printers, sports equipment,
books, musical instruments or even food for everyone in the house to use or consume. The
greatest benefit, however, comes from the decision to reduce the consumption of new things
such as clothing, shoes, accessories, toys etc. This is enabled both by digitalization, the sharing
economy, reuse and a more modern sense of sufficiency. The Conscious consumer is assumed
to lower emissions from Other consumption with at least 40 percent compared to baseline (see
Appendix 2).
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Sustainable deliveries
The Sjöstader receives package deliveries in a new fashion. No fossil driven vehicles are
allowed to enter the environmental zone in Hammarby Sjöstad. The last mile transport of a
product is made by smart, energy-efficient and clean transport modes. Items can be picked up
in an Instabox (unmanned storage box for package deliveries) in the house or at the local center.
Emissions from business to consumer (i.e. last mile deliveries) are hence reduced to near zero.
This reduces emissions with 7 percent (see Appendix 2).

6.3 Hammarby Sjöstad 2.0
In this section, the individual transitions are scaled up to city district level. The normative
Hammarby Sjöstad 2.0 scenario answers the third research question - How many must do how
much, starting when, for the Sjöstad’s target to be reached? Everyone cannot do everything,
but almost everyone needs to use a substantial part of their full potential order to get on the path
of the Carbon Law. The Hammarby Sjöstad 2.0 scenario begins at a point in the future, in the
year 2030, when the consumption-based emissions in Hammarby Sjöstad are cut by half. After
that, explicit calculations of what it took to meet the target are presented and illustrated in
graphs.
6.3.1 Ground transport
Back in 2020, the vast majority of all cars in Hammarby Sjöstad were fossil-driven and
privately-owned vehicles. After several hot summers in the late 2010s, it became even more
evident that emissions needed to be reduced much faster than ever before. As primary agents
of change, the households’ kicked of the transition in the early 2020s by changing fuels,
changings cars and sharing their vehicles. A quick and easy transition was for new diesel cars
to switch fuel to HVO100, which was already then accepted by some car companies such as
Renault, Nissan, Peugeot and Citroen (Motormännen, 2019). As the demand for such
opportunities grew quickly and more car companies approved, all local gas stations in the
district started to sell HVO100. In 2022, a total of 25 percent of all cars in Hammarby Sjöstad
were fueled either by biofuel or electricity. In 2024, the number of ‘eco-cars’ continued to rise
to 35 percent. This was at the same times as the start of the disruptive autonomous vehicle era.
By 2024, 400 private cars had been replaced by a small fleet of 100 self-driving electric taxis.
These taxis were either owned and managed by the vehicle manufacturer or by the Sjöstaders
themselves, that leased them to other residents.This early progress was a result of years of hard
collaborative work between the citizens’ initiative ElectriCITY and its affiliated partners. An
important precondition for the expansion was the charging stations for electric cars that were
already in place in the early 2020s, through the efforts of ElectriCITY and the housing
cooperatives. Simultaneously, the automobile industry scaled up the production of electric
vehicles as the demand increased globally. The development in Hammarby Sjöstad was pushed
further through courageous pilot projects that used the Sjöstad as test bed for attracting new
businesses models. The aim was to explore the disruptive potential for self-driving vehicles,
mobility-as-a-service, and energy storage and transmission within and between buildings in the
district, a strategy that was vastly successful as we know by now.
By 2026, the number of electric self-driving taxis had continued to rise to 300 cars, and to 700
in 2028. These taxis allowed the Sjöstaders to reach their local or regional end destinations in
a smooth and much cheaper way compared to using a private vehicle. Today, in 2030, 90
percent of all private cars have left the district and a fleet of 1000 self-driving electric taxis are
circulating in Hammarby Sjöstad. This is only about 1 car per 20 persons. Since these cars are
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constantly moving, the need for parking space has dramatically dropped, both on the street and
in garages. The space is today used for community gardening through a coproduction project
between the BRFs and the municipality. A few hundred private cars still remain (some people
still tend to be very fond of their private cars) and there is a great supply of fossil-free rentalcars for longer trips. These are provided by more conventional car rental companies. As a result
of this development, emissions from the Sjöstaders’ ground transport decreased with 86 percent
between 2020 and 2030 (see figure 12 and 13).

Hammarby Sjöstad 2.0 Ground transport - modal split (cars only)
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Figure 12. The Hammarby Sjöstad 2.0 scenario for Ground transport. Modal split between alternative
cars and car ownerships (total amount of pkm per car type).
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Hammarby Sjöstad 2.0 Ground transport - relative emissions (CO2e)
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Figure 13. The Hammarby Sjöstad 2.0 scenario for Ground transport. Relative emission split between
alternative cars and ownerships (total CO2e per person)

To sum up – How many must do how much, starting when, for the Ground transport target to
be reached?
Local
• 25 percent of all car owners in Hammarby Sjöstad must either fuel their cars with
HVO100 or buy an electric vehicle before 2022. The amount today is 5 percent. The
requirement grows to 35 percent in 2024 and 40 percent in 2026.
• In 2024, 10 percent of the conventional car owners also have to abandon their private
vehicles and start using electric taxis (probably self-driving). One electric taxi replaces
four private vehicles, but the total amount of person kilometers may remain the same.
The modal spit for these taxis must grow to 30 percent in 2026, 70 percent in 2028 and
90 percent in 2030.
External
• A technological improvement in these vehicles must reach 30 percent over the 10-year
period.
6.3.2 Food
In 2020, the vast majority of the Sjöstaders were eating a conventional diet with meat and dairy.
The average carbon footprint for food was 2 tons per person which was far more than what our
one planet could sustain. As new alternatives to meat and dairy popped up at a rate previously
unseen, the Sjöstaders became curious and started to explore these new products and dishes.
The Swedish self-sufficiency for food increased rapidly as new and old sources of proteins,
such as yellow peas, soy beans and lupines, were cultivated nearby, both in the countryside and
in urban areas, e.g. in housing cooperatives. Schools, preschools, nursing homes and other
public institutions were also ambitious and challenged the culinary norms by introducing new
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climate friendly dishes to the citizens. Local supermarkets and restaurants were working hard
to promote sustainable food choices at the top of the menus and at the best spots in the stores.
Meanwhile, a brand-new diet started to emerge as the Sjöstaders learned more about the climate
impact from different sources of protein. Already in 2022, 20 percent of the citizens had tried
a diet without ruminant meat and dairy products in favor of more vegetarian food as well as
chicken and fish. These more climate friendly meat eaters grew steadily in number along with
an increasing number of vegetarians. Some citizens also explored a more moderate reduction
of meat, not only for environmental reasons but also for health benefits. As of today, there are
hardly no people still eating what used to be a conventional diet back in 2020. Things can
change fast if the right alternatives are presented and the motivation for action is strong. Another
important development was that the unnecessary food waste was halved over the years from
2020 to 2030. This was partly enabled thorough digitalization and new business models that
matched all food with a consumer before its expiration date. As a result of this complete food
transformation, emissions decreased with 50 percent over the last disruptive 10 years (see figure
14 and 15).

Hammarby Sjöstad 2.0 Food - required diet split
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Figure 14. The Hammarby Sjöstad 2.0 scenario for Food. Relative split between alternative diets
(number of citizens per total population).
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Hammarby Sjöstad 2.0 Food - relative emissions (CO2e)
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Figure 15. The Hammarby Sjöstad 2.0 scenario for Food. Relative emission split between alternative
diets, including reduced food waste (total CO2e per person).

To sum up – How many must do how much, starting when, for the Food target to be reached?
Local
• 20 percent of all Sjöstaders must become environmentally conscious ‘climate carnivors’
already by 2022. The amount has to continue to grow rapidly to 40, 60 and 70 percent
over the following 6 years as this diet becomes the new food norm along with vegetarian
alternatives.
• The number of vegetarians have to be doubled in this scenario. From 10 to 15 percent
before 2022 and finally to 20 percent by 2030.
• 5 percent of the citizens must become ‘meat mitigators’ and reduce their meat
consumption with 20-30 percent by 2022. By 2030, 10 percent have to follow this diet.
• The unnecessary food waste must be reduced by 50 percent.
External
• A technological improvement in the agricultural sector must reach 10 percent over the
10-year period.
6.3.3 Housing
In 2020, the energy demand in Hammarby Sjöstad was higher than what was originally planned
for, when the environmental program was developed during the late 1990s. The BRFs in
Sjöstadsföreningen worked hard already from the 2010s’ to reduce the buildings’ energy
demand, but by 2020, the interweaving of new technologies, business models and goal-oriented
collaboration allowed for a massive energy transformation. The demand for heating in the
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buildings was reduced with 50 percent already in 2025. This was the result of numerous new
heat pumps, optimized ventilation and energy systems, block chain solutions and energy storage
for smarter demand distribution. External actors in Stockholm were also working hard on
reducing the climate impact from the housing sector. The regional energy supplier Stockholm
Exergy phased out coal and oil from the energy mix which speeded up the transition. The large
Swedish furniture and white goods companies also made it indirectly possible for the
households to retain their main amenities by meeting the companies’ ambitious climate targets
and moving closer towards circular economy. Further, the housing cooperatives and some other
property owners in Hammarby Sjöstad worked together and collaboratively procured and
explored new solutions and technologies that took them closer towards the local climate target.
The attitude towards the transition was that everyone needed to do everything they could every
time an opportunity arose. As the buildings needed maintenance, a window of opportunity to
join forces appeared where the property owner would optimize their systems at the same time.
The same collaborative opportunity approach further pushed the expansion new solar cells in
early 2020s’, making Hammarby Sjöstad a role model for the disruptive energy transition that
we are seeing in all of Sweden today. However, the transformation was not always a path strewn
with roses. Some projects failed, and some had to be abandoned. But since all projects were
monitored by researchers and prevalent climate calculations, it was easy for the change agents
to steer the transformation back in the right direction and try new things. And because many
actors worked persistently together, the consumption-based emissions from housing dropped
by 83 percent during the 2020s (see figure 16 and 17).
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Hammarby Sjöstad 2.0 Housing - requirements for electricity and heating
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Figure 16. The Hammarby Sjöstad 2.0 scenario for Housing. Relative split between baseline electricity
and solar (share of total electricity demand including the households’ electricity). Total energy
demand from heat and warm water in the buildings.
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Hammarby Sjöstad 2.0 Housing - relative emissions (CO2e)
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Figure 17. The Hammarby Sjöstad 2.0 scenario for Housing. Relative emission split between Nordic
electric mix, solar, conventional heat demand and reduced heat demand (total CO2e per person).

To sum up – How many must do how much, starting when, for the Housing target to be reached?
Local
• The electricity supply must move from 100 percent conventional powerline supply with
Nordic electric mix, to 100 percent local solar power. The transformation goes linear
with 10 percentage per year.
• The energy demand in all dwellings must be halved before 2025 following the reduction
pace of 25, 40, 50, 60 and 70 percent during 2022, 2024, 2026, 2028 and 2030.
External
• The technological development must be very high, 70 percent. This is enabled by
disruptive changes towards renewable energy in the district heating as well as by
improvements in the efficiency of solar cells. Large furniture and white goods
companies must also meet their ambitious targets to lower emissions by and order of
magnitude before 2030. The transition can go even faster if consumers are
environmentally conscious when they choose these goods.
6.3.4 Aviation
About 10 years ago, it was still very common for Sjösataders to do long vacation trips to
Thailand or the Alps during the winter and spring holidays. But something happened after the
extremely hot summer in 2018 as a group of dedicated children started to school strike for the
climate the very same fall. Aviation was pointed out as a major climate villain and the new term
‘fly shame’ grew into the Sjöstaders’ subconscious minds. Many citizens, including children in
schools, were informed about the extremely negative impacts that aviation has on the climate.
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Local workshops on alternative vacations were held by ElectriCITY and researchers. The local
schools had week themes that dealt with emissions from flying and how we can avoid these by
learning to enjoy our vacations in new ways. It also became mandatory to label flights with its
carbon impact on a national level. As a result, many citizens stated that they would not use
aviation as a mode of travel and instead ‘stay on the ground’. Others were more uncertain at
first but as the knowledge grew, the concept of ‘An air-free year’ had a breakthrough and
dominated the social media stream for some years. A new travel agency for train trips was also
opened in Hammarby Sjöstad in the early 2020s and the citizens started to explore other modes
of long-distance journeys. Train vacations became popular and many Sjöstaders shared their
thoughts and knowledge on how to best discover Europe by making the journey itself an
experience. Local vacations also became trendy with features of eco-tourism and trips to local
spas and resorts. Another game changer was the opening of the new local activity center for
youths in Sjöstaden, driven by a new company. This brand-new concept of attracting children
and teenagers to local activities during the winter months resulted in a new culture where few
wanted to leave the district during the holidays. This of course, effected the families’ travel
plans. Private domestic flight almost ceased to exist as VR solutions became more and more
reality based. And as we know by now, most of the day to day communication with friends and
family is enabled by holograms or conventional video calls. For the remaining domestic trips,
the early closure of Bromma Airport enabled the train to become the number one choice for
destinations within Sweden. Today, in 2030, the growing trend of increasing air travel has been
broken, and emissions have decreased with 30 percent (see figure 18 and 19) thanks to the many
Sjöstaders who has decided that ‘I’ll stay on the ground’.
Hammarby Sjöstad 2.0 Aviation - requirements for long distance travel
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100%

10%
10%

Percentage

80%
60%
40%

100%

80%

20%
0%
2020

2022

Conventional flyer

2024

2026

An air-free year

2028

2030

I'll stay on the ground

Figure 18. The Hammarby Sjöstad 2.0 scenario for Aviation. Relative split between the average citizen
in 2020 and the increased share of citizens pursuing and Air-free year or I’ll stay on the ground. The
remaining amount pursue frozen volume (pkm per year) after 2020.
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Hammarby Sjöstad 2.0 Aviation - relative emissions (CO2e)
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Figure 19. The Hammarby Sjöstad 2.0 scenario for Aviation. Relative emission split
between the average citizen in 2020 and the increased share of citizens pursuing and Air-free year or
I’ll stay on the ground (total CO2e per person).

To sum up – How many must do how much, starting when, for the Aviation target to be
reached?
Local
• The number of citizens that previously flew as the average Sjöstader needs to fall with
5, 10, 15, 18 and 20 percent between 2020-2030.
• In 2030, 10 percent must have decided to ‘stay on the ground’ permanently and another
10 percent of all Sjöstaders must every year decide to take an ‘Air-free year’ and explore
other forms of travel options for their vacations.
• The remaining 80 percent of the Sjöstaders need to fly at today’s level or less and not
follow the international and national trend of increasing airborne journeys.
External
• The technological development for national and international aviation needs to be 15
percent between 2020-3030.
6.3.5 Other consumption
These days, it is almost unreasonable to call the average Sjöstader anything else than a post
material minimalist. The transformative dematerialization of private belongings was made
possible by the gradual emergence of a new social culture characterized by sharing, renting,
borrowing and an overall sense of material sufficiency. A strive to optimize the value of every
product or service becomes important and the idle capacity, i.e. the untapped value of the
product, is reduced. Of course, digitalization has also reduced the need for some material
products such as printed matter and electrical devices for sound and video recording to mention
a few. Today, the citizens are frequently sharing both goods, services and experiences without
actually thinking about it as sharing. The importance of private ownership has fallen abruptly,
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both for environmental reasons, but also for convenience. Shared necessities also mean less
responsibilities for repairs, maintenance, service, cleaning, storage and recycling. Most
Sjöstaders found that more time was freed up for social relations and community building,
rather than managing their own lives and belongings. Starting in the early 2020s, the Sjöstaders
seized this opportunity to strengthen the social community as a spin-off from the three-year
research project Sharing Cities that took place in Hammarby Sjöstad around this time. The
culture was further shaped in various citizens’ initiatives, in the BRFs and other local
organizations. Almost all BRFs began facilitating shared space for social activities and storage
for common belongings. New local organizations for sharing and renting, who provided more
commercialized rental products and services, also emerged. An important step in halving the
consumption of new clothes, shoes, bags and accessories was also made in the last ten years.
Reused or recycled goods are purchased to a higher extent and belongings are repaired several
times before they finally leave their homes. The informal fossil-free zone in Hammarby Sjöstad
also made all last mile deliveries of goods climate neutral, pushing total emissions from
consumption down even more. The new dematerialized culture has spread widely throughout
the district and 80 percent of all citizens call themselves ‘conscious consumers’ these days,
meaning that they have significantly reduced the consumption of newly produced material
belongings. The emissions from Other consumption was reduced by 47 percent (see figure 20
and 21) thanks to this new culture. The improved technological efficiency and the fossil-free
zone accounted for 15 and 7 percent respectively.
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Figure 20. The Hammarby Sjöstad 2.0 scenario for Other consumption. Relative split between the
Conventional consumer in 2020 and the Conscious consumer (total amount of Conscious consumers per
total population).
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Hammarby Sjöstad 2.0 Other consumption - relative emsissions (CO2e)
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Figure 21. The Hammarby Sjöstad 2.0 scenario for Other consumption. Relative emission split
between the Conventional consumer in 2020 and the Conscious consumer (total CO2e per person).

To sum up – How many must do how much, starting when, for the Other consumption target to
be reached?
Local
• 10, 25, 45, 60 and 80 percent of all residents in Hammarby Sjöstad must become
conscious consumers every two-year period between 2020-2030, meaning that
emissions from 60 percent of sub-categories under Other consumption have to be
reduced by on average 67 percent. Some examples of these categories are shoes and
clothing, electric appliances, bags, toys and gifts.
• A fossil free zone for sustainable home deliveries must be in place by the year 2025.
External
• The technological development must be 15 percent over the 10 years.
6.3.6 Annual emissions from 2020-2030
Put together, the city district scenario for halved emissions is presented in figure 22. The
scenario shows a substantial difference compared to the Business as usual scenario and
Stockholm City. It also addressees the importance of reducing emissions as fast as possible. This
is further described in the following section.
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Target comparsion - Total consumption-based emissions
(relative CO2e/person)
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Figure 22. The Hammarby Sjöstad 2.0 scenario. Total consumption-based emissions per person in
comparison to the Business as usual scenario and the Stockholm City scenario (CO2e/person).

6.4 Accumulated emissions
Over a long period of time, the annual emissions per capital that are accumulated in the
atmosphere become very large. Therefore, the quicker the transition to a low-carbon society,
the larger the benefit. Emissions that are released today are more potent than emissions released
ten years from now. This is because the green-house gas effect starts to warm the atmosphere
from the first day that emissions are released. The Hammarby Sjöstad 2.0 scenario has taken
this fact into account by jumpstarting the transition with massive action already by the year
2022 with a 13 percent reduction compared to 2020. The transition then continues with a 25,
36, 43 and 50 percent reduction in 2024, 2026, 2028 and 2030 (see figure 22). After 2030, the
decrease must continue towards 2040, 2050 and onwards. By approximating a function8 to the
three halves 2030, 2040 and 2050, a curve is obtained that follows the Carbon Law (see figure
23). The non-emitted emissions in Hammarby Sjöstad are accumulating every year and the
impact over time becomes sizable compared to Stockholm City and Business as usual. By 2030,
the Sjöstaders have avoided 20 tons of CO2e per person to be released into the atmosphere
relative to the Business as usual scenario. By 2050, the number has risen to 106 tons per person.
Scaled up to city district level (18648 persons), this means that a total of 380 000 tons of CO2e
has been avoided in Hammarby Sjöstad between 2020 and 2030 if the scenario is realized. By
2050 the non-emitted emissions reach 2 million tons compared to Business as usual. This is the
equivalent of annual emissions from 1 million cars9.
8

a sixth-degree polynomial
Total emissions from all Swedish cars amount to about 10 million tons and there are around 5 million cars in
Sweden (SCB, 2018c1).
9
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Target comparsion - Acumulated consumption-based
emissions (relative CO2e/person)
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Figure 23. Total amount of consumption-based emissions accumulated between 2020-2050.
Comparison between Business as usual, Stockholm City and Hammarby Sjöstad 2.0. Green field =
non-emitted CO2e for Hammarby Sjöstad 2.0 compared to Business as usual. Detailed calculations in
Appendix 2.
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7. Discussion
The transition scenario in this thesis is obtained to highlight the transformative nature of the
revolution that is needed in order to reach the Paris Agreement and secure a prosperous future
for mankind. The individual transitions of section 6.2 are explorative, meaning that they are
investigating what happens if we make certain decisions. The Hammarby Sjöstad 2.0 scenario
that scales up the transition to city district level is normative since it answers What does it take
to reach the target? The overall results of the thesis show that the transformation that is required
on societal level is massive. Therefore, a general answer to the above stated question is that
everyone needs to do as much as they possibly can every time an opportunity for change occurs.
Old cars must be replaced at a rapid pace, citizens along with other local actors must explore
new healthy diets that lower the pressure on the environment, real estate owners must be
dedicated to reducing energy use and introduce local and renewable energy supply. They must
also be hosts of the new sharing culture by facilitating space and services for shared belongings.
The local transition agent ElectriCITY must continue to drive the development of new
organizational models and networks, involving numerous other actors such as car sharing
companies, housing cooperatives, supermarkets, restaurants, schools, travel agencies etc. New
norms for long distance travel must arise, mostly through information and advocacy through
citizen dialogues. A new post materialistic culture regarding consumption has to be enabled
through sharing, digitalization and a more service-based economy.

7.1 Relative distribution of emissions
The scenario presented in this thesis is only one possible path towards a sustainable future and
to target fulfillment. The relative distribution of emissions between the five sectors could be
varied in countless ways. In this case, the most extensive transitions come from Ground
Transport and Housing. This is partly because the external factors, i.e. technological
development and external goals and strategies, are highest within these sectors. Emissions from
Ground transport can be heavily reduced based on the assumption that the technological
development is large and that new business models for shared/autonomous and electric vehicles
are likely to be available before 2030. This development may potentially bring both economic,
social and environmental gains for society. There is also an ambitious national target of a 70
percent emission reduction from domestic transport in 2030. Emissions from Food follow the
halving principle. It is reasonable to think that local actors can continue to explore more climate
friendly diets, both for environmental, ethical and health reasons. For Housing, there is also an
aspiring transitions present. The potential for large scale application of existing technologies
and a switch to renewable energy is substantial and so is reduced energy use. Emissions from
aviation is, relatively speaking, the hardest category to impact. It takes many decades to renew
the aviation fleet and the potential to change to biofuel is expensive and only lowers the highaltitude effect (which accounts for half of the global warming potential) marginally. The fastest
way to reduce emissions is to explore other travel options. For Other consumption, the reduction
is close to a halving and is enabled by the potential for sharing and dematerialization through
digitalization. It is, however, distinctly clear that a dedicated change to the current consumption
norms will be required to fulfill the target.

7.2 Uncertainty
A weakness in the thesis is the uncertainty in the baseline emissions. There are no official
statistics on regional or local consumption-based emissions in Sweden yet. The baseline
estimate was done as accurately as possible, considering the delimitations of this thesis. Despite
the uncertainty, the author believes that the importance of analyzing mitigation scenarios from
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a consumption-based perspective has in this case exceeded the requirements for high certainty.
It is like in quantum mechanics, if you want one parameter right, you must make sacrifices to
another. Improvements in the data regarding consumption-based emissions must however be
taken seriously in the future if official targets on food, long distance travel and consumption
are to be set.

7.3 What if new technologies fail?
The scenario in this thesis is relying on external actors and technological development as a part
of mitigating the consumption-based emissions. Yet, these trends are external explorations and
forecasts which cannot be taken for granted. What if self-driving vehicles and integrated thin
film cells are not available on the market to a competitive price before 2030? What if negative
emissions fail? What if other external actors fail to meet their climate targets? The consequence
of these developments is that local actors in Hammarby Sjöstad must do even more in order to
reach the target. The depressing consequence is that the world in this case is on a dangerous
path and that future strategies will be even more focused on adaptation and ‘inhibiting
medicine’ to control the forces of a climate system out of balance.

7.4 New business models, organizational models, collaborative networks and sharing
economy
If the Sjöstad’s target is to be fulfilled by 2030, there is an urgent need for new organizational
models and actor networks to emerge. The traditional ways of planning and decision making
needs to be challenged to meet transformative nature of the climate transition. This thesis
suggests that there is a potential for such models and networks to expand in Hammarby Sjöstad.
Drawing upon the meta-governance theory, promising conditions already exists with
ElectriCITY as the regulating force in the otherwise ‘self-regulating’ actor network in
Sjöstaden. ElectriCITY needs to continue to take the meta-governor role as initiator, mediator
and catalyzer for the necessary change to be achievable.
Since a majority of all citizens are unlikely to accept major cuts to their overall quality of life,
there has to be new attractive alternatives that can replace the conventional ways of living in
well-off societies. These new models will play an important role as future role models for
solutions in other cities and countries. There is a great demand for new business models and
organizational models to emerge in Hammarby Sjöstad. It is of great importance that these new
models are developed through the learning and sharing of knowledge within new expanding
collaborative networks. The transition agent and meta-govenor ElectriCITY plays a crucial role
as a catalyst for this development. By connecting actors with similar visions or approaches,
through e.g. matchmaking, new collaborations and knowledge sharing can emerge.

7.5 Rebound effects
An important aspect in the assessment of new forms of consumption patterns that are enabled
by e.g. sharing and digitalization, is the consideration of so-called rebound effects. If the sharing
of a certain good saves the consumer money, where does that money go? It is important to make
sure that it is not spent on other forms of material consumption. In behavioral economics and
social psychology, a similar phenomenon is referred to as the moral license effects, i.e. that
when we strengthen our self-image by doing or saying something that we believe is the right
thing, our likelihood of actually doing something morally right is reduced (Sachdeva, Iliev and
Medin, 2009). By looking at consumption-based emissions from a holistic and comprehensive
approach, these economic and behavioral spillover effects can be analyzed and prevented. This
is typically done through research or by a public authority. If the sharing economy and
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digitalization truly allow for citizens to reduce their consumption of material things, and the
money is spent on services and other non-material categories (or that less money is earned),
then the contribution to decreased emissions becomes large, as proven by this thesis.
Another concern regarding rebound effects is what happens to the privately-owned cars after
the fleet has been replaced with share electric vehicles. The lowered demand might cause a
price drop where urban cars migrate to rural areas and rural cars drop to very low prizes even
though they are fully functioning. Hence, more rural households can afford a car (or a second
one) which means that total emissions remain at baseline levels. It is therefore crucial that the
urban car migration is followed by other policy measures such as raised gas prizes, increased
admix of biofuels or strong incentives for early car scrapping.

7.6 Generalizability
The overall implication of choosing Hammarby Sjöstad for this project might be that it defuses
the difficulty in reducing global emissions with 50 percent in 10 years’ time. Hammarby Sjöstad
has remarkably good conditions to manage this transition, even in comparison to other Swedish
city districts with limited socio-economic issues. In comparison to such areas or even to nondeveloped countries with an industrialization process ahead, the conditions are simply
exceptional. Hence, it would be interesting to compare the results from this study with a similar
one in another area. This backcasting study is generalizable to any other city district in a
developed country that has either national or local data on consumption-based emissions, which
is not very common. The backcasting itself is generalizable to any target that has baseline
emissions, even though the solutions will differ from place to place. E.g., the study could have
been done in a rural area, but the potential for shared electric vehicle would be smaller.

7.7 Carbon Law applied to city district level
Carbon Law is a road map for rapid decarbonization on a global level (Rockström 2017). It
could, however, be adopted any country, institution or individual thanks to its generalizability.
In this thesis, the concept is applied to a city district, or more precisely, the residents living in
the city district. The target was chosen because of its simplicity and catchiness and because it
describes what is required by every person on earth for the 2°C target to be reached. It has,
however, been somewhat problematic to apply it on an individual level, since the global
reduction is absolute, and the population is increasing, meaning even higher reduction per
person. However, the first halving actually goes from 40 to 24 GtCO2e, meaning that there is
some room for population growth within the first halving boundary. On a city district level, the
Carbon Law implies that all residents must on average follow the 50 percent reduction, meaning
that some will reduce emissions faster and some at a slower pace. The target does not depend
on a change in population in Hammarby Sjöstad.
In the end, the Carbon Law will not suffice for Hammarby Sjöstad to do its fair share in the
climate transition. This is a conclusion that has emerged throughout the writing of this thesis.
With an expected global population growth and a consideration of equal distribution between
countries, emissions per person must decline even faster. It is clearly written into the Paris
agreement that equity plays a crucial role in meeting the temperature target and that developed
countries must take the lead in the climate transition. Notions of equity could be achieved
through even faster emission reductions, through carbon offsetting (helping others to reduce
their emissions), as well as through taking responsibility for the up-scaling and financing of
future negative emission technologies.
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7.8 Further research
Since almost all research indicates that gigantic climate mitigation is needed immediately, the
next step following this thesis is massive action. The transition scenario in this thesis highlights
the transformative conversion of society that is required in order to achieve a halving of GHG
emissions with an individual city district’s example. The major challenge is the extent of the
issue. On average, the whole world must reduce its emissions according to the Carbon Law to
meet the objectives of the Paris Agreement. The upscaling from individual transitions to city
district level shows that this conversion needs to be done by all groups of society, regardless of
interests, political alignment and income. There is a need for further research that quantifies
consumption-based emissions and develops normative stories and scenarios about a sustainable
future. Continued actor analyzes are also of great value. However, the most important thing for
researchers who are aware of the acute situation on climate change, is to focus on action
research and advocacy. To quote a young climate activist:
“Some people say that we should study to become climate scientists so that we
can “solve the climate crisis”. But the climate crisis has already been solved. We
already have all the facts and solutions. All we need to do is to wake up and
change”.
Greta Thunberg
A full-scale inventory of local consumption-based emissions could however bring benefit to
the development in Hammarby Sjöstad. If emissions could be tracked on an annual basis, then
it would be easier to see whether or not the district is on the right path. Such studies have been
done in e.g. Gothenburg and Umeå (see Bolin et al., 2013; Axelsson et al., 2018). These studies
have been done using surveys, interviews, LCA and local data. It is however likely that the
results in this thesis are sufficient for action to be initiated, and the transformation to be put into
high gear. The climate cannot wait for better data or for debates on where or when the
transformation to a sustainable future should start. It needs to happen now. “All we need to do
is to wake up and change”.
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Conclusion
This thesis aimed to stress the potential that local actors in Hammarby Sjöstad have to reduce
the inhabitants’ consumption-based emission. It also aimed to support the adoption of a
consumption-based target and a consumption-based way of addressing climate mitigation in
Hammarby Sjöstad. This was done through the development of a scenario that quantifies and
qualitatively describes what it takes for local actors in Hammarby Sjöstad to cut the
consumption-based emissions by half till 2030. To answer the first research question “What
does it take to meet the target?”, the result shows that massive action is required by a number
of actors. The Hammarby Sjöstad 2.0 scenario requires that all mentioned external actors fulfill
their climate targets and it also relies on a continuous technological development that is in line
with recent trends. Moreover, local actors must act on all categories for the target to be fulfilled
and follow the individual transitions presented in this thesis, or similar measures with the same
effect. The transformation can be enabled and empowered by new organizational models for
sharing, digitalization and circular economy in Sjöstaden. These new models can be seen both
as enablers, as well as absolute musts, in order for change to occur. The second question asks
“Which individual transitions can local actors explore and follow to be part of meeting the city
district's overall target? The individual transitions presented in this backcasting study provide
guidelines to what measures local actors can take in order to do so. Calculations show that there
are large reduction potentials for local actors in most of the individual transitions. For Ground
transport, both going biofuel and going shared electric provide substantial relative emission
reductions. For Food, there is a potential to halve emissions either by switching to a vegetarian
diet or to become climate carnivores (eating low climate impact meat and fish). In Housing,
there is a great potential for external actors to make the district heating, the power grid and
furniture purchases climate neutral by 2030. Emissions can be even lower if local actors invest
in renewable energy and systems for reductions in power and energy demand. For Aviation, the
citizens have a huge resourcefulness to influence the consumption-based emissions by choosing
other modes of travel and exploring alternative vacations. Finally, there is a potential to lower
emissions from Other consumption with 40 percent by becoming more conscious consumers
that share, reuse and maintain possession in parallel with creating a more modern sense of
overall material sufficiency. The third research question asks, “How many must do how much,
starting when, for the Sjöstad’s target to be reached?” The thesis shows that a vast majority of
the local actors must utilize a substantial part of their full potential in order for the Carbon Law
target to be met. The transition must start immediately with at least 7 percent reduction per year,
across all sectors, meaning that thousands of Sjöstaders must do everything suggested in this
report every new year, starting now. As if this was not enough, the Carbon Law transition will
not be sufficient to meet the full equity aspects written into the Paris agreement, stating that
developed countries must take the lead in the climate transition. The thesis also leaves out the
responsibilities for investments in negative emissions that are necessary to bring CO2 levels in
the atmosphere down to a sustainable level again. Yet, the fact that this backcasting study covers
consumption-based emissions rather than merely territorial emissions is a right step towards
taking full responsibility for the climate impact that well-off citizens cause. Someone, or some
people need to start taking this responsibility now, by getting engaged, advocating for change,
creating new organizational models and exploring new lifestyles for a sustainable future. And
if a well-off city district, in a well-off city, in a well-off country, in a well-off part of the world
will not take responsibility, then who will?
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Appendix 1. Seminar – questionnaire
1. How reasonable is the transition scenario? = not at all, 5 = very reasonable
a. Ground transport
1.
2.
3.
4.

5.

b. Food

1.

2.

3.

4.

5.

c. Housing

1.

2.

3.

4.

5.

d. Aviation

1.

2.

3.

4.

5.

e. Other consumption

1.

2.

3.

4.

5.

2. If it was possible to measure correctly, would decrease
emissions from the Sjöstaders’ consumption possibly be
included in the 2030 target?

Yes

No

3. Could targets for negative emissions be included in the 2030
the target in order to reach even further down than halved
emissions?

Yes

No

4. Other comments
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Appendix 2. Calculations
Linear trend
The linear trends are based on historic data from 5-10 years back. The trends are obtained using
the Excel function “Inset trend line” in a given graph. The trend function minimized the R
squared value, i.e., the sum of the squared errors between the trend line and the given data. The
R value has not been calculated in this thesis.
Bottom-up calculations for baseline Housing emissions (data from Svane and Sjögren, n.d)
Total heating demand = thd = tha * ep = 847 000 * 103 = 87 241 MWh
Total electricity demand = ted = BOA * edde + tha * edpe + tga * edge = 566 000 * 40 +
847 000 * 15 + 132 000 * 15 = 37 325 MWh
Total CO2e heating and electricity = CO2tot = thd * efh + ted * efe = (87 241 MWh * 75
gCO2/kWh) + (37 325 MWh * 109) = 6 573 + 4 068 = 10 612 tons CO2e
Total CO2e per person = CO2tot/((n1*p)/n2) = 10 612/((7212*18648)/8497) = 0,67 tons/person
thd = total heating demand
tha = total heated area (m2)
ep = energy performance
ted = total electricity demand
BOA = total BOA (m2)
edde = energy demand for domestic electricity (kWh/m2)
edpe = energy demand for property electricity (kWh/ m2)
tga = total garage area (m2)
edge = energy demand for garage electricity (kWh/ m2)
CO2tot = Total CO2e for heating and electricity
efh = emission factor for heating (gCO2/kWh)
efe = emission factor for Nordic electricity (gCO2/kWh)
n1 = number of apartments in energy compilation
n2 = number of apartments in Hammarby Sjöstad
p = population in Hammarby Sjöstad
Individual transitions
Ground transport.
Total emissions per person and year = (1 + (21 ∗ 41/5)) + (22 ∗ 42)
p = emission from production per person and year (CO2e) = ((6 + 7)/8)/9
c = emissions from car production = 6 tons CO2e
b = emissions from battery production = 150 kg CO2e/kWh battery capacity
l = average lifetime of the car
d1 = total distance with car per person and year (baseline = 3000 km – assumption based on local and
regional travel habits investigations)
d2 = total distance with public transport per person and year
e1 = WTW emissions from car (CO2/km) = see input data
e2= WTW emission from public transport (gCO2/km). Average bus and rail = 10
o = occupancy, average amount of passengers in the car = 1,3
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n = number of persons sharing the vehicle (conventional = 5, sharing = 20)
Food

Total food waste reduction (matsvinn) per person and year = (1 ∗ 3 ∗ 4)/5 = 40 kg CO2e, i.e.
2 percent of total food emissions.
s = total food waste in the supply chain in Sweden = 1 million tons of CO2e
r = reduction = 20 percent (50 percent reduction in the households’ unnecessary food waste
(matsvinn) is comparable to 20 percent reduction in total food waste in the supply chain
Naturvårdsverket, 2012).
e = emissions per food waste unit = 2 kg CO2e per kg food waste (Naturvårdsverket, 2012).
p = Swedish population = 10 million
Housing

Going solar
A very rough estimate assumes that there are 70 real estates in Hammarby Sjöstad that are
applicable for solar panels or thermal collectors on the roof. An average roof surface per block
is assumed to be 1500 m2 and is able to generate 200 MWh per year with moderate to excellent
insolation (Energirådgivningen, 2019). With an efficiency of 15 percent, these panels would
cover some 30 percent of the total electricity demand in Sjöstaden. If thermal collectors are
used, the generated energy is 3-4 times as high. The exergy however is also higher since thermal
collectors generate heat and not electricity. For entirely renewable and local electricity
generation, integrated solar panels in the facades are most likely necessary to meet the total
electricity demand of the Sjöstaders.
678498:;< =73 17<;3 = 9 ∗ 4/4878 = 0,30 (i.e. 30 percent of all electricity may come from
solar roofs)
1-s/ne = 0,63
etot = Total electricity use in Hammarby Sjöstad = 44 000 MWh/ year (Energikartläggnignen,
n.d).
n = Number of real estates applicable for solar = 70 (estimate based on Energirådgivningen
(2019))
rs =Average roof surface per block = 1500 m2 (estimate based on Energirådgivningen (2019))
e = Average electricity generation per real estate = 200 MWh per year.
s =LCA emissions from solar cells = 40 CO2e/kWh (Lönngren, 2019)
ne = average emission from Nordic electric mix between 2013-2017 = 109 CO2e/kWh
Other consumption
Conscious consumption
60 percent of the subcategories under Other consumption (see Naturvårdsverket 2018e) are reduced with
50-100 percent in emission intensity (0,6 ∗ 0,67 ~0,4).
Sustainable deliveries
Emissions from last mile deliveries are estimated to be 0,20 tons per person or 7 percent of emission
from Other consumption after Conscious consumption based on the following facts:
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1. An Austrian study has found that CO2 emissions from last mile deliveries with cars account for over
75 percent of emission from the full logistic chain that accounts for 2,7 percent of Austria’s emissions
or 0,19 tons per person (Seebauer et al. 2016; World Bank, n.d).
2. Freight transport accounts for 20-40% of urban transport CO2 emissions which would mean 0,2-0,5
tons per person in Stockholm (PPMC, n.d; Miljöbarometern, n.d).
0,20
= 0,12
1,7 ∗ 0,6
0,12
= 0,07
1,7

Hammarby Sjöstad 2.0
Total emission reduction (percentage) = Individual transition scenario/baseline emissions*
technological development factor
Accumulated emissions
The three halves in 2030, 2040 and 2050 were approximated to a sixth-degree polynomial using
Excel’s chart function “Insert trend line”. The function @ = −2A– 05C3 + 0,0019C2 −
0,0667C + 1 was compared to the linear trend for Business as usual @ = 1 − 0,007C. The
two functions were then inserted into a graphing calculator and the integral over 30 years was
estimated. The results were then scaled up to the 7,7 tons per person and further on to the 18648
inhabitants. The same procedure was done for the 2020-2030 pathway but with a three-degree
polynomial approximation.
GH

GH

E (−2A– 05C3 + 0,0019C2 − 0,0667C + 1 FC ) − E 1 − 0,007C FC = 13,815 8791
H

H

13,815 ∗ 7,7 8791 = 106 8791 543 543179
106 ∗ 18 648 = 2 J:<<:79 8791
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Appendix 3. Baseline emissions and technological development
factors
Baseline emissions – Hammarby Sjöstad
Baseline emissions – Ground transport
An overall assessment based on a local travel survey, the national statistics and LCA data for
cars and fuels indicates that emissions from ground transport account for 0,6 tons in Hammarby
Sjöstad. This is less than the national average since the Sjöstaders do not drive like the average
Swede (Naturvårdsverket, 2018a). A local travel habits investigation found that the Sjöstaders
only travel by car on average 20 km per week or 1 000 km per year10. The reoccurring and
larger travel survey in Stockholm County found that the average Stockholmer travels 7000 km
per person and year with car (SLL, 2016). This is for journeys to, from and within the county.
It was estimated here, that a total of 1000 km per year is to low, and 7000 (average Stockholmer)
is too high. A total of 3000 pkm per year was a reasonable estimate when also including
journeys outside of the county. Using bottom-up calculations, this thesis assumed that Ground
transport in Hammarby Sjöstad accounted for 0,6 tons of CO2e per person in 2018. This number
was also assumed to be valid as a 2020 baseline.
Baseline emissions – Food
For Food, the consumption-based emissions in Hammarby Sjöstad were assumed to be similar
to the Swedish average, i.e. 2.0 tons per person. It is not common to differentiate between
emissions from food consumption among different income groups, even though it can be
assumed that such differences exist (Bolin et al., 2013). However, no reliable study that
confirms this relationship was found. A flat trend between 2016-2020 was used and emissions
are therefore assumed to remain at 2,0 tons per person in 2020.
Baseline emissions – Housing
The national average for Swedes was 1,1 tons per person from housing in 2016. According to
Naturvårdsverket (2019), 2/3 of these emissions come from heating and electricity. The rest is
maintenance, services, hotel visits as well as furniture, white goods, carpets, interior design etc.
(SCB, 2018b). Hammarby Sjöstad has an average heated area that is slightly larger than the
national average but energy use per square meter is lower (SCB, 2018e; Naturvårdsverket,
2019; Svane and Sjögren n.d). The trend for Housing is slowly declining, and therefore, baseline
emissions were assumed to be 1,0 tons per person in 2020. This was confirmed by a bottom-up
estimate of 0,67 tons per person from heating and electricity (see Appendix 2) The remaining
0,3 tons were assumed to fall under the subcategories stated above. Emissions from second
homes also come in here. These were assumed to account for 50-70 kg per person based on a
Norwegian study stating that there were approximately 5 m2 of leisure cabin area per person in
Norway in 2001 (Hille, Aall and Klepp, 2007). This was also considered to be a reasonable
estimate for the Sjöstaders. Emissions from the construction of new buildings were not included
in this thesis since they fall under the category investments and not the households’
consumption (Naturvårdsverket, 2019). All in all, emissions from Housing were estimated to
be 1,0 ton per person.

10

Unpublished material. Local travel habits investigation made by Markus Robért in 2018.
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Baseline emissions – Aviation
The citizens in Hammarby Sjöstad were estimated to cause 2,4 tons CO2e per person from
aviation. This number was based on Stockholm City’s calculation for the average Stockholm
citizen that shows that the Stockholmer’s air travel burns 2,1 tons of CO2e per year (Stockholm
Stad, 2017). However, the Stockholm study includes business travels that account for 0,4 tons.
These emissions should not be included in the households’ consumption that this thesis
investigates and were therefore subtracted to 1,7 tons remaining. However, the number of trips
with aviation is strongly correlated to income and therefore the figure was adjusted upwards
with 25 percent due to the income differentiation between Hammarby Sjöstad and Stockholm11
(Stockhoms stad, n.d). Hence, 2,1 tons per person was estimated to be the emissions from
private aviation in 2016. It is likely that only a 25 percent adjustment was a generous estimate.
The higher the income, the greater the share of it is spent on hotels and travel (SCB, 2010).
Finally, the emission trend for aviation is rising. With a 3 percent increase per year between
2016-2020 (see chapter 5.3), the estimate ended up at 2,4 tons per person for the Sjöstader in
2020.
Baseline emissions – Other consumption
Other consumption includes emissions that are caused by the citizens’ consumption of goods
and services such as clothes, shoes, electric appliances, toys, presents and all forms of services
(e.g. car wash and home deliveries). The emissions were here adjusted to better fit the
purchasing power of the inhabitants in Hammarby Sjöstad. Emissions and climate impact are
often correlated, not only on a global level but also from a Swedish perspective (Bolin et al.,
2013). The average salary in Sjöstaden was 60 percent higher than the Swedish average in 2016
and emissions were adjusted accordingly (from 1,1 ton 1,8 tons per person) (SCB, 2019;
Stockholms stad, n.d). This can be compared to Bolin et al. (2013), that estimated 1,9 tons per
person for the high-income neighborhood Askim in Gothenburg. The trend is declining with an
estimate of 6 percent between 2016-2020, ending up with 1,7 tons per person in 2020.
Technological development factors
Ground transport
The technological development factor for Ground transport was assumed to be 3 percent per
year. Emissions from cars in Sweden declined with 18 percent between 2008-2017 (SCB,
2018c). At the same time, the transport mileage from cars grew with 7 percent over the same
period leading up to a 23 percent decrease in CO2/km. Here it was assumed that person
kilometers and vehicle kilometers are correlated, i.e. the number of persons per moving car is
constant. During the next 10 years however, it was here assumed that the efficiency rate will be
higher since the climate impact of electrics cars can be reduced both through motor efficiency,
production efficiency and increased share of renewable energy in the electric mix. Therefore, a
30 percent efficiency improvement (3 percent per year) was estimated to 2030.
Food
Bryngelsson et al. (2016) estimated the technological development for agriculture to be able to
reach a 50 percent emission reduction between 2016 and 2050. This is the optimistic scenario,
i.e. what is theoretically possible with strong policies and goal-oriented action. Some of the
measures that have a large potential for improvements are nitrification inhibitors, renewable
energy and the dissemination of new technologies (ibid). The moderate estimate is roughly 25
11

(2,1-0,4)*1,25=2,1
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percent for the same period. A linear approximation to these numbers gives 0,7-1,5 percent per
year in technological efficiency12. This thesis chose to use 1 percent per year as a technological
development factor, i.e. 10 percent between 2020-2030.
Housing
The external and technological development for Housing can be large. It was here estimated to
be 7 per cent per year between 2020-2030. This prognosis considers several aspects. First,
Stockholm Exergi’s (the regional district heating and electricity supplier) plans to phase out
coal in the energy mix already in 2022 (Stockholms stad, 2018b). This will lead to a 50-60
percent decrease in emissions. The transformation can go even faster if oil is also removed
before 2030. If Stockholm Exergi invests in large negative emission technologies such as
BECCS, emissions might even be negative. Second, for electricity, the emissions factor for the
Nordic electric mix is expected to go from over 100 down to 20 CO2/kWh over the time
period13. Third, for emissions other than heating and electricity, a large share comes from
furniture, white goods and other household utensils, using the consumption-based approach.
Some of the major Swedish companies have ambitious targets for reduced environmental
impact in the coming years. IKEA for example, has a target to reduce the full life-cycle
emissions per article with 70 percent between 2016 and 2030 by only using renewable or
recycled materials (IKEA, 2018). Furthermore, Electrolux is close to halving the life-cycle
emissions from their white goods already in 2020 compared to 2005, and Husqvarna has high
ambitions for shared electric garden machinery (Elextrolux, 2017; Huqvarna Group, 2017).
These important improvements are likely to be disseminated to other actors in the same
industries during the time period.
Aviation
The technological development factor for Aviation was set to 1,5 percent per person-kilometer
and year in this thesis. A previous study by Larsson (2015) has two technological scenarios,
one with high eco-efficiency (1,7 percent) and one with low eco-efficiency (0,65 percent).
These are based on estimates from the International Civil Aviation Organization (ICAO).
Stockholms Stad (2017) has used 2 percent for the Stockholmers’ aviation trips, potentially
considering that the domestic fleet might be transitioning faster than the international. In March
2019 for example, the Government's special investigator presented a proposal for 30 percent
admix of biofuel at Swedish airports by 2030 (Regeringen, 2019).
Other consumption
The national trend is decreasing with 1,5 percentage per year (Naturvårdsverket, 2018a). This
iwas assumed to result mostly from technical efficiency rather than a change in consumption
habits. Hence, a 1,5 percent technological development factor was also set for Other
consumption.

12
13

(25/34= 0,74), (50/34=1,47)
Lönngren, Ö 2019, email 25 February <orjan.lonngren@stockholm.se>
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Appendix 4. Data
General data
Sweden’s consumption-based
emissions 2016 [million tons CO2e]
Population Hammarby Sjöstad 2017
Number of dwellings in Hammarby
Sjöstad 2017
Persons per household in Hammarby
Sjöstad 2017
Average salary Sweden >16 years
[SEK/year]
Average salary Stockholm >16 years
[SEK/year]
Average salary Hammarby Sjöstad
>16 years [SEK/year]
Ground transport
Total distance with car per person and
year in Stockholm County 2015 [km]

101
18648
8497

Naturvårdsverket
(2018a)
Stockholms stad (n.d)
Stockholms stad (n.d)

2,2

Stockholms stad (n.d)

287 100

SCB (2019)

363 700

Stockholms stad (n.d)

455 300

Stockholms stad (n.d)

6 750

SLL (2016)

Total distance with car per person
and year in Hammarby Sjöstad [km]

3 000

Total distance with public transport
per person and year in Hammarby
Sjöstad [km]
Passengers per driving car in
Stockhol County
Emissions from conventional car
WTW [gCO2/km]. Average of diesel
and gasoline 2017.
Emissions from plug-in hybrid car
WTW [gCO2/km]
Emission from HVO WTW
[gCO2e/km]
Emissions from biofuel bus
[gCO2/pkm]
Emissions from public transport
[average gCO2/km]
Energy use for local and regional rail
traffic in Stockholm [kWh/pkm]
Emissions from conventional car
production [kg/car]
Emissions from battery production
[kg CO2/kWh]
Car deprecation time [km]
Nordic electric mix [gCO2/kWh]. 5
year average.

3 000

Assumption based on
local travel survey and
SLL (2016).
Assumption based on
local travel survey and
SLL (2016).
Kelios (n.d)

1,3
199

Energimyndigheten
(2017)
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Miljofordon (n.d)

22
8

Energimyndigheten
(2017)
SLL (2018)

10

SLL (2018)

0,108

SLL (2018)

6 000

ICCT (n.d)

150

Romare, M., &
Dahllöf, L. (2017)
ICCT (n.d)
Energimyndigheten
(2017)

150 000
109
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Food
Emissions from unnecessary food
waste in Sweden [kg CO2e/person
and year]
Housing
Total area [t m2]
Total BOA [t m2]
Total garage area [t m2]
Number of appartments in
Energikartläggningen
Number of appartments in
Hammarby Sjöstad in total
Total energy use in the BRFs in
Sjöstads [kWh/m2]
Property electicity [kWh/m2]
District heating [kWh/m2]
Domestic electricity [kWh/m2]

ca 80

(Naturvårdsverket,
2012)

847
566
132
7212

Svane & Sjögren (n.d)
Svane & Sjögren (n.d)
Svane & Sjögren (n.d)
Svane & Sjögren (n.d)

8497

Stockholms Stad (n.d)

119

Svane & Sjögren (n.d)

16
103
40

Svane & Sjögren (n.d)
Svane & Sjögren (n.d)
Energimyndigheten
(2017)
Svane, Ö. & Sjögren,
Ö. (n.d).
Stockholm Exergi
(2018)
Energimyndigheten
(2017)
Estimate based on
Lönngren (2019)
Estimate based on
Lönngren (2019)
Energi och
klimatrådgivningen
(2018)
Estimate based on
Energirådgivningen
(2019)
Estimate based on
Energirådgivningen
(2019)
Lönngren (2019)

Total electricity use in Hammarby
Sjöstad [MWh/year]
Emission factor for district heating
in Stockholm [gCO2/kWh].
Nordic electric mix [gCO2/kWh]. 5year average.
Emission factor for district heating
in Stockholm 2030 [gCO2/kWh].
Emission factor for Nordic electric
mix in 2030 [gCO2/kWh].
Swedish electric mix [CO2e/kWh]

44 000

Number of blocks applicable for
solar

70

Average roof surface per block [m2]

1 500

LCA emissions from solar cells
[CO2e/kWh]
Aviation
High altitude effect [factor]

40

75
109
30
20
13

1,9

(Kamb and Larsson,
2018).
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