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1. Introduction
In 2011 the European Council confirmed its long term objective of reducing
greenhouse gas (GHG) emissions by 80-95% by 2050 compared to year 1990 levels
to avoid the average global temperature to rise above 2°C (EC, 2011). Climate
change policy requires actions on an international level. However, impact and many
solutions are local. About 70% of greenhouse gas emissions and two thirds of the
World’s total energy consumption may be attributable to cities (Madlener and Sunak,
2011). To achieve a low carbon society, major transformation of social infrastructure
may be needed, including the creation of low transport cities and widespread
adaptation of energy efficient buildings. Moreover, further innovation and investment
in renewable energy generation is indispensable. Hence, activities within cities and
city management play an important role in terms of global climate change policy
making. A number of decisions in relevant areas lie within the responsibility of local
authorities such as transportation, energy and urban planning and can thus provide
the basis for local climate mitigation action. Sweden has a long tradition of municipal
energy planning, dating back to the 1970s (Nilsson and Mårtensson, 2003).
However, local energy planning has not always been considered successful, since
plans can quickly become out-dated as energy prices and national policy change.
Current trends suggest that municipalities will continue to play an important role
when developing sustainable energy systems, guided by more flexible planning,
using energy and climate strategies (Rydin, 2010, Fenton, 2014).
Technological roadmaps can be used as an instrument for supporting technology
management and planning and exploring dynamic linkages between technological
resources, organizational objects and changing environment. The roadmap approach
can be used by various organizations to support many types of strategic aims and is
most commonly used as a time-based structure framework to develop, represent and
communicate strategic plans in terms of co-evolution and development of technology,
products and markets (Jeffrey et al 2013). The European council presented in 2014
a roadmap focusing on a competitive and cost-effective pathway to reach a lowcarbon economy in 2050 (EC, 2011). In Sweden, the government has initiated the
long-term process of developing a national roadmap aiming to analyse potential
pathways and cost effective measures to reach the objective of carbon neutrality in
2050 (Naturvårdsverket, 2012). Based upon the European and the national
roadmaps, the municipality of Uppsala initiated a roadmap project, aiming to initiate a
communication process and to gather knowledge and experience in analysing
potential pathways to reach the municipality’s objective of not exceeding GHGemission of 0.5 tCO2 per capita by 2050. The project was funded by the Swedish
Energy Agency and performed during 2013-15 (Sigurdson and Andersson, 2015).
The method used for the Uppsala roadmap to identify possible pathways to reach the
long-term climate objective was backcasting, which is a form of a transforming,
normative scenario approach where the target-fulfilling image of the future is central
to the analysis. Scenario analysis is a process of analysing how different decisions
may impact the future by considering possible alternative outcomes (Höjer et al.
2008). Transforming, normative scenarios take their starting point in a well-defined,
usually long-term and highly prioritized target that seems unreachable according to
prediction, unless there are trend breaks and changes in prevailing institutions.
Participatory backcasting allows the involved stakeholders to express their view of
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what future are desirable (Robinson et al., 2011, Quist, 2011). By using a
participatory backcasting methodology when developing future scenarios and a
modelling approach to analyse possible outcome in terms of energy demand and
GHG-emissions, a comprehensive, bottom-up analysis of potential measures can be
conducted.
The purpose of this report is to describe the Uppsala roadmap and the modelling
approach as a tool for transition toward a low carbon society. The general procedure
is to initially describe the conducted work of the roadmap and the principles of the
modelling approach, and then to describe the scenarios developed and the quantified
modelling output in terms of GHG-emissions and energy demand in order to
determine possible trajectories. Finally, the results and the method are discussed in a
wider context.

2. Method
2.1 The roadmap for climate neutrality, the Uppsala case
With over 200 000 inhabitants, Uppsala (59°N; 17°E) is the fourth most populated
municipality in Sweden and the central area is the fourth largest city. The public
sector is the largest employer, including two universities, the municipality and the
county council, occupying over 30 000 people. High technology dominates the
industry, primarily within information technology and biomedicine, closely linked to
the research at the universities. The current energy system is characterized by a
combined heat and power (CHP) plant that distributes district heating, electricity,
district cooling and steam to the central urban area, with the main fuels being peat,
municipal waste and biomass. Biogas is produced at five facilities and the gas is
used either in conjunction with heating or is upgraded for use in public transportation.
In 2010, the municipality of Uppsala initiated the Uppsala Climate Protocol (UCP)
with the purpose to involve local and regional stakeholders and decision makers in a
joint effort to reach the local energy and climate goals. The 25-30 private and public
organizations participate in energy and climate efficiency actions that are accessed
through collaboration (http://klimatprotokollet.uppsala.se/). The UCP members
commit to systematically reducing climate impact within its own operations,
implementing and declaring climate mitigation measures, contributing with knowledge
and collaborating with other members to reach their own as well as the municipality’s
climate targets. Short-term targets for climate impact reduction are set every three
years and the progress is reported at advisory round table meetings that are held at
least once annually with top executives and environmental managers. Cooperative
projects take place in working groups in areas such as solar energy, waste
management, sustainable transports, communication and energy management,
which are open also to organizations outside the UCP. The UCP is managed by a
project management group and a group of environmental managers from all
members.
2.1.1 Roadmap development process
The Uppsala roadmap is intended to provide an overview of the current energy
system and indicate possible trajectories towards the realization of a low-carbon
society. The roadmap contains a number of future scenarios where emissions and
energy demand are simulated. The working process was initiated in 2013 within the
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framework of the UCP, aiming to analyze potential pathways and measures to reach
the municipality’s long-term climate objective. An inclusive process was initiated,
bringing together members of the climate protocol and adopting a ‘whole system’
approach, including technical requirements, social learning and adaption, policy and
legislation. The stakeholders involved include the universities, the municipality, local
energy companies, politicians, non-profit associations, local residential corporations,
academic building corporations and municipal companies including waste and water
management. Workshops were organized to identify possible measures for local
future scenarios, focusing on issues such as electricity generation, smart grids,
bioenergy production and district heating generation. Results from the workshops fed
into the scenario-building and modelling of the future energy systems.
2.2 Model structure and data sources
The model covers all energy use and all greenhouse gas emitting activities and
processes within the municipal borders of Uppsala (Figure 1 & 2). In addition to this,
long-distance travel by the inhabitants of Uppsala is included. For energy use, life
cycle greenhouse gas emissions of fuels and electricity have been added to the
direct emissions in Uppsala (see section 2.3.7). Regarding emissions that originate
from energy consumption and long distance travel, consumption based accounting
was done, allowing emissions caused by the inhabitants of the municipality, but
occurring elsewhere, to be included in the model. A production-based approach was
used for all other sectors (agriculture and forest land use, local transport, off-road
machinery, industry and energy use in buildings) taking into account all emissions
originating inside the municipal borders. Indirect emissions from production of goods
and services that do not take place inside of the spatial boundaries are, however, not
considered in the model.

Figure 1. Overview of inputs and outputs of the Uppsala LEAP model. The time step in the model is
1 yr.
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Figure 2. Structure of the Uppsala LEAP model.

2.2.1 Energy demand
The population in Uppsala was 200 000 inhabitants in 2011 and is increasing rapidly.
The demand dataset is divided into eight sectors; household, private sector, public
sector, industry, transportation, agriculture and other based on the national energy
statistics (SCB, 2013, Table 1). Final energy demand for the different energy
sources is calculated as the ratio between activity level (eg. number of houses or
vehicle kilometres) and energy intensity (eg. MJ per vehicle kilometre) in each sector.
The development over time of volumes of activity in each sector is established for
each scenario, taking into account technological development, social changes,
changes in population and other factors.
Table 1: Structure for energy demand sectors in LEAP model for Uppsala
Sector

Sub-sector

Sub-sector

Household

Small
houses

Existing,
New 2011-2012,
New 2012-2021,
New 2021-2030,
New 2030-2050
Existing,
New 2011-2012,
New 2012-2021,
New 2021-2030,
New 2030-2050
Existing,
New 2011-2012,
New 2012-2021,
New 2021-2030,
New 2030-2050
Existing,
New 2011-2012,
New 2012-2021,
New 2021-2030,
New 2030-2050
Existing,
New 2011-2012,
New 2012-2021,
New 2021-2030,
New 2030-2050

Apartment
buildings

Private sector

Public sector

Industry

Secondary title

Activity
parameters
Numbers of
households,
final energy
intensity

End use

Fuel

Heating,
electrical
application,
heated water

District heating, oil, wood,
pellet, solar, electricity

Numbers of
households,
final energy
intensity

Heating,
electrical
application,
heated water

District heating, oil, wood,
pellet, solar, electricity

Premises
area,
final
energy
intensity

Heating,
electricity,
cooling, steam

District
heating,
oil,
electricity, biomass, district
cooling, steam

Premises
area,
final
energy
intensity

Heating,
electricity,
cooling

District
heating,
oil,
electricity, biomass, district
cooling

Premises
area,
final
energy
intensity

Heating,
electricity,
cooling, steam

District
heating,
oil,
electricity, biomass, district
cooling, steam
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Transportation

Passenger

Freight

Long
distance
travel
Off-road
machinery
Agriculture
Other

Construction,
agriculture,
forestry,
household, other

Million
vehicle
kilometres,
final energy
intensity
Million
vehicle
kilometres,
final energy
intensity
Million
vehicle
kilometres,
final energy
intensity
Tonnes

Car,
bus,
motorcycle

Gasoline, diesel, biogas,
ethanol E85, electricity,
biodiesel

Heavy
trucks,
light trucks

Gasoline, diesel, biogas,
ethanol E85, electricity,
biodiesel

Airplane,
bus, ferry

Jet kerosene, bio jet fuel,
gasoline, diesel, biogas,
ethanol E85, electricity,
residual fuel oil, biodiesel

Final energy
intensity
Final energy
intensity

Stationary
energy
Heating,
electrical
application,
stationary
energy

car,

Diesel, biodiesel

Electricity, oil, pellets
District heating, electricity,
district cooling, oil

2.2.2 Transformation modules
The energy transformation part of the model is divided into five transformation
modules; transmission and distribution, district heating generation, district cooling
generation, steam generation and electricity production. Information regarding local
energy production in terms of energy output, process efficiency and fuel composition
has been provided by the energy companies. The district-heating and electricity
generation plants are described according to their capacities, efficiency, availability
and merit order. In Uppsala, electricity is mainly produced at the CHP plant.
2.2.3 Non-energy sector
The non-energy use sector includes emissions of carbon dioxide, methane, nitrous
oxide and other GHG-gases associated with industrial processes, agriculture, waste
and wastewater management, solvents and hospital activity (Byfors et al, 2015).
2.2.4 Emission factors
The main source used to define GHG-emissions for different energy sources (life
cycle emissions of GHGs per unit used) is Gode et al (2011). Emissions of methane
and nitrous oxide have been recalculated according to IPCCs fifth assessment report
with global warming potential over 100 years (GWP100) of 34 and 298 CO2e for
methane and nitrous oxide respectively (IPCC, 2013). Regarding the CHP plant, data
used is from measured emissions in flue gases, to which upstream emissions has
been added. Imported electricity from the national transmission network is estimated
as Nordic electricity mixture with account for upstream emissions. For GHGemissions from biofuels for transport, the EU directive on the promotion of the use of
energy from renewable sources (2009/28/EC) was used. Non-country specific life
cycle assessment was used in order to evaluate emissions from electricity produced
by wind and solar power (Byfors et al., 2015).
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2.3 LEAP
The Uppsala energy system and GHG-emissions in each scenario were modelled
using the Long Range Energy Alternative Planning system (LEAP). LEAP is an
integrated modelling tool for long term forecasting using an annual time step
(www.energycommunity.org). The concept is an end-use driven scenario analysis
with a “business as usual” scenario and one or more alternative scenarios. It
simulates “what if” energy futures along with environmental emissions under a range
of user-defined assumption. On the demand side of the framework, LEAP supports
bottom-up accounting and provides a wide range of accounting methods for
modelling energy generation, distribution and capacity expansion planning on the
supply side. All sectors within an economy or energy system can be included in the
model as well as external pollutants. Modelling is based on a comprehensive
accounting of how energy is consumed, converted and produced under assumptions
given regarding energy demand, population, technology etc.
2.4 Scenarios
The overall framework when developing scenarios has been a backcasting method,
starting with formulating images of the future that are target fulfilling whereby
possible trajectories and measures has been identified and quantified as far as
possible. Participatory backcasting is a method for system innovation and sociotechnical transition with involvement of stakeholders, which includes defining first
steps and roadmaps towards an envisaged system change (Robinson, 2011). The
scenarios have been developed for a range of settings following the general iterative
procedure in Figure 3. The various steps can be summarized as follows:
(1) The formation of the project group with representatives from different
organizations to define focal questions, key variables and main driving forces
regarding the future.
(2) Construction of scenario logic and writing down storylines. Given the key focal
question and driving forces under step (1), the storylines focus on the
measures impact on energy demand and GHG-emissions under assumptions
given and should provide a wide basis for future change falling under the
responsibility of local decision makers and stakeholders, the national
government and the inhabitants.
(3) Quantifying the measures listed in the above steps and assigning numerical
values to the key variables to make the measure fit into the model, through
literature studies and in close dialogue with stakeholders.
(4) Modelling future scenarios and interpreting the model output. In this step, the
quantified measures are numerically calculated using a LEAP model (see
section 2.2 and 2.3) in order to estimate emissions and energy demand in
each scenario.
(5) Refining and updating the scenarios. Scenario development is an iterative
process and the scenarios are updated when new data and knowledge is
available and verified by involved stakeholders to be consistent with their
expectations.
(6) Key measures and quantified results of the modelling and can be used as
supportive decision basis and are described in a roadmap report.
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(7) Future projects are initiated, in order to support implementation of identified
measures depending on the feasibility, the potential to reduce GHG-emissions
and economic considerations.

Figure 3: Iterative process for scenario development

The scenarios developed within the roadmap are
i)
a reference scenario that represents the energy pathway implied if current
energy policies, emission policies, demand and supply trends persist,
ii)
an alternative reference scenario based on strong national policy
emissions reduction targets for 2030, affecting primarily electricity
generation and the transport sector,
iii)
the UCP scenario, including climate mitigation efforts conducted by
members within the UCP,
iv)
a local potential scenario that takes into account all identified climate
mitigation measures that can be decided on by various actors within the
municipal boundaries independently of national legislation and policy
instruments and
v)
the total potential scenario including national legislation, taxes, policy
instruments and behavioural change in order to abate GHG-emissions and
reach national/EU-targets.
Secondary title

7

Date

COMPLEX

The focus of the analysis is on comparison of the scenarios with the reference case
(i).
Two scenarios were chosen for more detailed analysis and description to investigate
opportunities for members of the UCP to reduce climate impact and what further is
required to achieve the objectives; the UCP scenario (iii) which takes into account
climate mitigating efforts made by local stakeholders and decision makers within the
climate protocol and the total potential scenario (v) which includes local and national
measures to reduce GHG-emissions, covering not only energy efficiency actions and
conversion to renewable energy but to a larger extent local energy production. The
UCP scenario was based on the scenario strong national politics (ii), but includes
measures conducted by members of the climate protocol to explicitly be able to
account for the reduction in GHG-emissions, directly related to the member’s efforts.
The total potential scenario comprises all defined measures that can be adopted and
decided on both locally and nationally, including national legislation, management
control measures, taxes and behavioural change. Major technical breakthrough and
system changes has been considered and evaluated in regard to energy savings and
emission reduction potential.
Table 2. Summary of main scenario characteristics
Scenario
i)
Reference
scenario

Key assumptions
Until 2050, no enhanced
climate action takes place

ii)

Reference
scenario
– strong
national
policy

iii)

UCP
scenario

National
political
decisions, currently under
evaluation,
are
implemented
affecting
primarily GHG-emissions
reductions and energy
efficiency measures
The UCP scenario that
takes into account climate
mitigating efforts made by
local stakeholders within
the climate protocol

Key features and main changes compares to the previous scenario
Based on a “Business as usual” pathway including already
firmly decided energy and climate policies nationally and
locally
Growth in the buildings stock and the industrial sector
according to the municipal’s comprehensive plan
Reduced emissions from Nordic electricity mix
Transportation sector according to the national target of a
fossil independent transportation sector in 2030 (SOU, 2013)
Nearly zero energy buildings improves energy performance
in buildings from 2021 (2010/31/EU)

-

iv)

Local
potential

Further actions that can
be decided upon on
independently of national
regulations

-

-

-

Secondary title

New CHP plant put into use in 2020, replacing peat
combustion with renewable biofuels
Public transportation is fossil fuel independent in 2020
Energy efficiency measures on buildings due to local real
estate owners
Increased capacity for biogas production
Urban planning measures causes a decrease in car and freight
transportation in favor for pedestrian, bicycle and public
transportation
Increased installed power of solar cells to 100 MW in 2030
Energy efficiency measures on further buildings
Number of buildings using district heating increases
Real estate owners’ requirements on improved energy
performance of new buildings
Fossil plastics in waste incineration are replaced by
bioplastics by 6% in 2050
Local investments expanded capacity of anaerobic digestion
of organic waste and crop residues leads to an increased
biogas production of 60 GWh in 2050
Pyrolysis of straw entail 34 GWh biodiesel to be produced
locally with biochar, electricity and district heating as
byproducts
Installed power of solar cells increases to 300 GWh and
locations suitable for wind power are exploited, resulting in
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-

v)

Total
potential

Including
policy
instruments and national
regulations that is to be
decided on on a national
level as well as citizens
willingness to transition

-

-

-

-

-

390 GWh produced electricity in 2050
Two new tram lines, higher tax on fossil fuels, a reduced
public transportation tariff and conversion to rail transport
causes a further decrease in transport by car while lowered
speed limits and education in eco-driving decreases the
energy demand
Electrification of regional public transportation, freights and
cars
Business travel by flight are replaced to some extent by
digital meetings and by trains
Further energy efficiency measures for existing buildings
National legislation on improved energy performance for new
buildings after 2030
Management control measures to limit the extent of fossil
plastics in waste incineration by 75%
Biogas from digestion of manure increase vehicle gas
production by 35 GWh
Cultivation of energy crops (willow) on agricultural land that
is no longer required for food production
Additional investment in wind power and solar cells totalling
460 and 600 GWh respectively
Electrification of passenger cars by 90%, remaining 10% uses
biofuels
Public transportation within the city 100% electrified, 25% of
regional public transportation, 75% of heavy trucks and
100% of distribution trucks are electrified by 2050
Lowered speed limits on public road and conversion to
transport on railways decreases the energy demand for fright
transportation by 41% compared to the baseline case
Long distance travel by airplane is replace by high speed
trains by 16% and through aware citizen choices reduced by
50% while business travel is reduces by 60% meanwhile
bioenergy based jet fuel is introduced
Agricultural emission of methane and nitrous oxide is abated
for with measures regarding breeding and digestion of
manure
Emission factor for biofuels is reduced by 75% by 2050

3. Results
The energy demand and greenhouse gas emissions in the various scenarios are
presented in figures 4 and 5. Two scenarios were chosen for more detailed analysis
and description to investigate opportunities for members of the UCP to reduce
climate impact and what further is required to achieve the objectives; the UCP
scenario (iii) which takes into account climate mitigating efforts made by local
stakeholders and decision makers within the climate protocol and the total potential
scenario (v) which includes local and national measures to reduce GHG-emissions,
covering not only energy efficiency actions and conversion to renewable energy but
to a larger extent local energy production. The UCP scenario was based on the
scenario strong national politics (ii), but includes measures conducted by members of
the climate protocol to explicitly be able to account for the reduction in GHGemissions, directly related to the member’s efforts. The total potential scenario
comprises all defined measures that can be adopted and decided on both locally and
nationally, including national legislation, management control measures, taxes and
behavioural change. Major technical breakthrough and system changes has been
considered and evaluated in regard to energy savings and emission reduction
potential.
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3.1 Energy demand
The total energy demand for three of the scenarios during the period 2011-2050 is
displayed in Figure 4. The energy demand was in 2011 is 28.5 MWh per capita. The
projected development in the reference scenario indicates that the energy demand
will decrease to 22.5 MWh per capita by 2050 as an effect of technical advances and
improved energy performance in buildings. Due to further energy efficiency measures
in the strong national policy scenario and the UCP scenario, the energy demand
decreases to 19.7 MWh per capita and 19 MWh per capita respectively. The largest
reduction in energy demand compared to the reference case is obtained in the total
potential scenario where the energy demand decreases to 12.4 MWh per capita.

Figure 4. Energy demand until 2050 in MWh per capita for the reference scenario (left), UCP
scenario (centre) and total potential scenario (right). Energy types that are not minor are marked
in bold.

The final energy demand per capita by energy carrier in the reference scenario, the
UCP scenario and the total potential scenario during the period 2011 to 2050 is
displayed in figure 4. In the reference scenario, long distance travel continues to
grow according to historical projections, while energy efficiency improves, causing a
net increase slightly above the base year value. In the total potential scenario, the
energy demand significantly decreases compared to the reference case due to
additional saving potential and a behavioural change in traveling habits. Regarding
passenger transports and freight, technical improvement causes the energy demand
to decrease in the strong reference case and further in the UCP scenario, presuming
that Sweden reaches the target of a fossil fuel-independent vehicle fleet by 2030. As
a result of urban city planning aiming to reduce transport intensity, energy efficient
vehicle operation and conversion to electrical vehicles, the total energy demand is
reduced by 70% in the total potential scenario compared to the reference case. In all
scenarios the heat demand is reduced as are the electricity demand due to improved
energy performance in buildings and electrical applications. Other energy demand
remains relatively unchanged.
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3.2 GHG-emissions
In the reference scenario, GHG-emissions are projected to decrease from 6.7 tCO2 in
2011 to 4.9 tCO2 per capita by 2050 (Figure 5). Under the strong national policy
scenario, emissions are estimated to decrease further to 3.5 tCO2e per capita as
emissions from Nordic electricity mix and replacement of fossil fuels by biofuels and
electricity in transports. Replacement of peat by biofuels for district heating and
electricity generation causes a rapid decrease in the period 2020-2021 in the UCP
scenario as the new CHP plant is taken into use. Additional installed capacity of wind
and solar power, urban city planning to attain a low transport society and improved
energy performance in buildings causes the GHG-emissions to decrease to 2.2
tCO2e in 2050 in the local potential scenario. Under the total potential scenario, the
total emissions are projected to decrease to 0.7 tCO2e per capita in 2050.

Figure 5. GHG-emissions until 2050 in CO2 –equivalent per capita for the reference scenario (left),
UCP scenario (centre) and total potential scenario (right).

In the total potential scenario, GHG-emissions from passenger transports and freight
are close to zero due an extensive transition to electrical vehicles. Emissions due to
air travelling are significantly lowered as an effect of behavioural change, improved
energy efficiency and the use of bio jet fuels. Investments in renewable electricity
generation (solar and wind power) along with replacement of fossil plastic by bio
plastics in waste incarnation causes the GHG-emissions for heating and electricity to
decrease to very low levels. Remaining GHG-emissions are dominated by longdistance travel and land-use in the non-energy sector.
3.3 Summary of results
The results of the scenario development implicate that strong emission reductive
measures can be adopted on a local level. A joint effort from local stakeholders
through the UCP collaboration may reduce GHG-emissions by more than 60%, more
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than 4 tCO2 per capita by 2050. Under the total potential scenario, GHGs are
reduced to 0.9 tCO2 per capita due to large investments in renewable energy
production, system shifts and a strong policy for climate mitigation.
Although GHGs are reduced by almost 90% compared to the baseline case, the
target of 0.5 tCO2 per capita is not fulfilled. Remaining GHG-emissions mainly
caused by air-travel and land-use are difficult to abate since few potential measures
has been identified as feasible. Moreover, replacing the fossil content in municipal
waste incineration requires extensive use of bioplastics since waste are retrieved
from several areas outside of Uppsala.

4. Discussion
4.1 Reflections on the future energy system
In this section, choices and assumptions regarding energy supply are discussed. For
greenhouse gas emissions it is of less importance what non-fossil fuel energy source
is used, renewable or nuclear. This is because fossil fuels cause much higher
greenhouse gas emissions than all alternatives. Thus the main question for GHG
emission reduction is the pace at which fossil fuels can be phased out, not how they
are replaced. However, it is of great practical and economic importance how fossil
fuels are replaced. Some of these issues are discussed below.
4.1.1 Transports
How will we drive our cars in 2030 and 2050? And how much traffic will there be?
These questions are sources of large uncertainty when modelling future scenarios.
The development in transports and vehicles will have large influence on future GHG
emissions, as the sector is highly dependent of fossil fuels and causes a large
proportion of current GHG emissions. Decisive aspects are: the amount of traffic; the
shares of fossil and renewable fuels; the energy demand of vehicles. The scenarios
are largely based on the report by Johansson (2013) that outlines the path to fossilfuel-free transportation in Sweden. In that report a mix of energy systems are
assumed, including electricity, various biofuels and various hybrid systems. Electric,
biogas, ethanol, biodiesel and hybrids are used in the Uppsala scenarios, without
making assertions that these will be the actually dominating technologies.
4.1.2 Oil
Issues regarding future access to oil, or future oil prices, have not been in focus in
the scenario development. Other perspectives have been more emphasized, such as
technical development, and the introduction of energy efficiency measures and
renewable energy sources. Uncertainties about future oil access and prices add
additional support for action to quickly reduce oil dependency, in addition to the need
to reduce greenhouse gas emissions. In particular, it emphasizes the need to plan for
a future without oil, as oil reserves are limited and the availability of oil on the
international market beyond 2030 is uncertain. Some thoughts on fossil oil:
The conventional oil, which is easily extracted at low cost, has passed it global peak
level. The remaining oil reserves are to a large extent from sources that are more
difficult to access, require more energy during extraction, have a larger impact on the
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environments. Examples are tar sands and deep ocean oil. The projected larger
environmental impacts from future oil use has not been included in the model.
There are no signs of a return to the situation before 2005, with stable and low oil
prices for a long time. Higher prices and large price fluctuations, as has been the
case for the past 10 years, is to be expected. This is due to technology development,
resource availability, demand and supply, and geopolitics.
During the past year, from the second half of 2014, the oil price has declined
significantly. We saw no reason to let this affect the scenarios, even though this low
oil price may have large impacts on investment in the short term, if these low prices
stay for the next few years. However, the scenarios have a longer time perspective of
15-35 years. Moreover, the high taxes on petroleum products in Sweden even out
the impacts of large international price fluctuations. When market prices on oil have
been halved, the price of petrol at the service stations in Sweden has declined from
15 to 12 SEK.
4.1.3 National electricity mix
In the Uppsala LEAP model, it is assumed that GHG emissions from the Nordic
electricity mix will decrease with time. This happens at different rates in the different
scenarios, and is based on the political goals in the different Nordic countries. For
Sweden, there is an overall policy for a future energy supply with low GHG
emissions. However, there is no concrete long-term plan for how to achieve this.
Current nuclear power will need to be closed down long before 2050 for technical
reasons. In March 2015 he Swedish government launched a commission for
investigating the issue, which is expected to deliver a proposal by January 2017 (The
Swedish Government, 2015).
In the Uppsala LEAP model, it is assumed that the goals for a safe electricity supply
with low GHG emissions will be reached, with no assumptions on how this will be
achieved. However, it is clear that there are future developments in the energy
system that will have large impact on future electricity demand, such as energy
savings, electrification of transports, local wind and solar electricity production. The
results of simulations of the type that we present, where different scenarios of local
development give widely differing demand for electricity from the national grid, should
be of interest for a national energy commission.
4.1.4 Solar power
The future of solar power is very uncertain in Sweden. In the future scenarios of the
Swedish Energy Agency, there is no large scale introduction of solar power, and
therefore there is no solar power in our reference scenarios. However, in all other
scenarios there is major growth in solar power. There are various reasons for this:
Many experts see solar energy as the renewable energy source that has the largest
potential in the long run. It is also clear that the global growth of solar power during
recent years has been underestimated in global official scenarios by IEA, and it is
likely underestimated for the future (Whitmore, 2013; de Vos and De Jager, 2014). In
Sweden, there is a rapidly growing interest in solar power, but this is from a very low
level and current levels are very small, for example when comparing to wind power.
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Future development is impossible to project. That is why we chose to include
scenarios with very different solar power development, with locally produced solar
power ranging from 1 to 44 % of Uppsala’s electricity demand in 2050.
4.1.5 Hydrogen
Hydrogen is an energy carrier that can be produced in various ways from electricity,
solar energy, biomass or fossil fuels. Its climate impact is determined by the energy
source. Contrary to electricity, hydrogen is an energy carrier that can be stored. The
benefit of hydrogen compared to other fuels is that it is not polluting when
combusted. Hydrogen may become an important part of the future energy system,
when used in fuel cells (McDowall and Eames, 2006; Andrews and Shabani, 2012).
Hydrogen was not included in the model, but this is an interesting field for future
development of scenarios and models.
4.2 Reflections on the modelling approach
Many other energy scenario projects in research and policy making are based on
economic modelling of energy systems. In this project, it was decided not to model
the economy at all. This was based on former experiences from students´ projects,
where it has been difficult to access reliable figures on current costs for activities and
interventions in the energy system. Moreover, previous predictions of oil and
electricity prices have been highly inaccurate even at the time scale of a few years.
To make prognoses about future costs, and using them to model the energy system
on a time scale of decades, was considered as meaningless, considering all
uncertainties about future costs. However, there are often implicit considerations of
costs (at least relative costs) underlying the choice of technologies in the various
scenarios. Furthermore, costs at the level of users and investors depend strongly on
economic incentives from EU and national government. This is a major driver fro the
differences between the two reference scenarios (i) and (ii), and has thus been
indirectly considered in the scenario development.
The development of low carbon scenarios and transition pathways involves the
consideration regarding uncertainties of future technologies and societal change.
Using a backcasting scenario approach to describe the strengthening or weakening
of a trend as a choice for the policy-forming authorities may broaden the availability
of good alternative pathways. A change of public policy may not only affect
exogenous policy variables but may change the rules of the entire game. Moreover,
new knowledge and ideas may lead to the identification of new options. Future
decisions are partly underdetermined of by present conditions and trends of society.
Backcasting studies may promote the search for new knowledge concerning
technological solutions and hence contribute to the emergence of new options
(Dreborg, 1996). Hence, using a backcasting scenario methodology for scenario
development in the case of Uppsala may facilitate the transition towards
sustainability in the sense that backcasting may widen the perception of possible
solutions among various actors and highlight consequences of strategic decisions
(Dreborg, 1996).
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4.3 System boundaries
4.3.1 Local, regional, national and European levels
The roadmap and its associated model were performed with the geographical
boundary of the Uppsala municipality as system boundary. This is due to the local
initiative and local collaboration regarding transition to a low carbon society. Such a
delimitation is appropriate in the Swedish context, where the local authorities have a
strong role, whereas the regional authorities are rather weak. Data on energy use
and emissions are available at the local scale from the national statistics authorities,
and it is this feasible to model the system at that level.
Despite the rather strong decision-making power at the local level, the operational
space for energy system transformation is largely determined at higher levels,
notably the European and national levels, which set frameworks as well as regulate
details in many aspects of the energy system. The taxes and subsidies decided at
the national level are decisive for the costs of introducing new technologies. Another
way that the national government influences the local level is through Vattenfall, the
100% state owned energy utility that owns the district heating grid and plats, and the
electricity grid in Uppsala. As a key stakeholder in the local energy system, Vattenfall
has been an active partner in development of the roadmap and the LEAP model.
The scenario development has been influence by the local experience of the
institutional landscape, especially the dependence of local development on national
policy. Three of the scenarios are focused on the activities at the national levels,
whereas two have their emphasis on local action. The choice of two reference
scenarios (i) and (ii) was guided by contradictory signals from the national
government, with a strong rhetoric commitment to long-term emission-reduction
being combined with a perceived lack of action in the short term, especially regarding
targets and development towards a fossil-fuel independent transport system.
4.3.2 Production vs consumption perspectives
Cities generate GHG-emissions as a result of a range of processes that take place
within or outside of the geographical boundaries (Wright et al. 2011). The
responsibility of the emitting source must, however, be consistent with the allocation
of the emissions to allow monitoring change over time. There are two main principles
for accounting emissions; production (at source) and consumption (end-user)
(Munksgaard and Pedersen, 2001). Production accounting assigns responsibility to
the emitter. Thus emissions are allocated to the actual site of the process. Given this
perspective, production accounting considers emissions from exported products and
services but exclude those associated with imports. In consumer-based accounting,
the end-user of the product is responsible for the emissions associated with the
product and gives a more adequate indication of climate impact in a region or city.
The main disadvantage of using this approach is that the consumer is made
responsible of GHG-emissions from processes they cannot control, meanwhile, the
institution in charge of the process lack initiative to reduce GHG-emissions. Given
these considerations, according to Wright et al. (2011) the most appropriate
responsibility accounting method would be to use consumption-based accounting for
emissions related to energy and waste and to use production accounting for other
direct emissions such as transportation and industrial processes. The Uppsala model
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is in line with this regarding energy consumption (consumption accounting),
transportation, agriculture and industrial processes (production accounting). Waste is
not a consumption base since waste is ether accounted for inside of the municipal
borders (waste incineration, digestion to biogas, emissions from landfills) or included
indirectly in LCA-emission factors (wind and solar power). Waste exported to other
municipalities for recycling is not included in the model.
4.4 Land use, bioenergy and greenhouse gases
In the Total potential scenario, agricultural land not needed for food production was
assumed to be available for bioenergy production. It was assumed that food
production volumes will constant, but require less land due to increased productivity.
For the land not used for food production, a high-yielding bioenergy production
system was selected, namely short rotation coppice willow. It was assumed that the
wood produced is used as fuel for combined heat and power (CHP) production. This
production system is established in Sweden, for example in Enköping in Uppsala
county. The modelling performed does not yet include the full GHG benefit of willow,
as is explained below in 4.4.1.
The Uppsala municipal council decided in 2014 on a long-term goal (until 2023) to
serve 100% organic food in publicly financed food services such as schools. This
could potentially lead to large changes in local agriculture, which would affect the
potential for bioenergy production. This has not been considered in the model, but is
of interest for future research.
4.4.1 Carbon storage
Carbon storage in soils or vegetation was not modelled. This was not only because
of limited resources, but there was no basis in data or method available for the work
when the project started and it was not considered a priority by the local
stakeholders. However, knowing the large size of carbon fluxes between the
atmosphere and soils and vegetation, this was not satisfactory. Especially when
changes in land use are modelled, it is necessary to include C in soil and vegetation,
in order to correctly estimate greenhouse gas impacts in different scenarios. This is
of particular interest in scenarios that include major changes in local production and
use of biomass. As a consequence, our next step in the modelling work is to develop
a new module that takes into account the fluxes of C between atmosphere, soils and
vegetation when the production of short rotation coppice willow is increased to satisfy
the demand for more biomass for district heating and combined heat and power. The
work is performed by PhD student Torun Hammar and builds on her previous work
(Hammar et al, 2014, Hammar 2015).
Knowledge about greenhouse gas emissions from bioenergy systems (including
carbon storage in soil and vegetation) has to some extent guided the selection of
technologies for the Total potential scenario. This includes the choice to produce
short rotation coppice willow on agricultural land, which stores additional carbon in
soil, wood and roots (Hammar et al 2014). The choice of pyrolysis of straw, to
produce energy as well as bichar, a stable carbon source that is recirculated to soil,
is based on knowledge about greenhouse gas balances of pyrolysis and biochar
systems (Ericsson, 2015). Contrary to removal of straw for energy purposes, addition
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of biochar does not give reduced carbon content in soils. It probably gives an
increase in soil C content, which has not been included in the model.
4.4.2 Biogas
In the roadmap, the biogas development was targeted towards biomass sources
where biogas systems are expected to have a large positive environmental impact,
and where there are few alternatives to anaerobic digestion as energy recovery
method. Biogas from animal manure is a major current priority in Swedish agricultural
policy. As manure has large moisture content and its production is spread in the
landscape, biogas was assumed to develop in the way that is currently most feasible
for small installation, i.e. for combined heat and power. Today, small scale upgrading
of biogas to vehicle fuel quality is not technically and economically feasible. However,
there is technology development in this field, and during the time frame modelled,
opportunities for small-scale upgrading to vehicle fuel may become available.
4.5 Stakeholder collaboration
The project group developing the roadmap and the model has included researchers,
senior advisers at the Uppsala municipality, a representative from Vattenfall and a
project manager from the Mälardalen Regional Energy Agency. Throughout the
project, many stakeholders from the UCP have been included in the process of
developing scenarios and collecting data. A number of students’ projects has been
performed associated with the roadmap project. The collaboration that proceeded the
roadmap project was actually initiated as an educational collaboration between the
Swedish University of Agricultural Sciences and Uppsala municipality in 2009. This
collaboration may be viewed as an example of the emerging mission of universities
to be co-creatros of sustainable development (Trencher et al, 2014).

5. References
Andrews, J., Shabani, B. 2012. Where does hydrogen fit in a sustainable energy
economy? Procedia Engineering, 49, pp. 15-25.
Byfors, S., Sundberg, C, Sigurdson B, Lingfors D, 2015. Modellering av Uppsala
kommuns energisystem och växthusgasutsläpp i LEAP. [Modelling Uppsala´s
energy system and greenhouse gas emissions in LEAP] Department of Energy and
Technology, Swedish University of Agricultural Sciences. Uppsala, Sweden.
De Vos, R, and de Jager, D, 2014. World energy Outlook hides the real potential of
renewables.
http://www.energypost.eu/world-energy-outlook-hides-real-potentialrenewables/ March 14 2014
Dreborg, KH, 1996. Essence of backcasting, Futures 28 (9) 813-828
IPCC, 2013: Summary for Policymakers. In: Climate Change 2013: The Physical
Science Basis. Contribution of Working Group I to the Fifth Assessment Report of the

Secondary title

17

Date

COMPLEX

Intergovernmental Panel on Climate Change [Stocker, T.F., D. Qin, G.-K. Plattner, M.
Tignor, S.K. Allen, J. Boschung, A. Nauels, Y. Xia, V. Bex and P.M. Midgley (eds.)].
Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA.
EC, 2011. Roadmap to a competitive low-emission
Commission COM(2011) 112 final.

society in 2050, European

Ericsson, N. 2015. Time-dependent climate impact of short-rotation coppice wllowbased systems for electricity and heat production. PhD thesis. Acta Universitatis
Agriculturae Sueciae 2015:96. Swedish University of Agricultural Sciences, Uppsala,
Sweden.
Fenton et al. 2014. Stakeholder participation in municipal energy and climate
planning – experiences from Sweden, Local Environment: The International Journal
of Justice and Sustainability, DOI: 10.1080/13549839.2014.946400
Gode, J., m.fl. 2011. Miljöfaktaboken – uppskattade emissioner för bränslen, el,
värme och transporter. Anläggnings- och förbränningsteknik. Rapport: 1183.
Tillgänglig: http://www.varmeforsk.se/rapporter?action=show&id=2423 (2013-08-26)
Hammar, T. Ericson, N, Sundberg C. Hansson, P-A. 2014. Climate impact of willow
grown for bioenergy in Sweden. Bioenergy Research, 7(4) 1529-1540
Hammar, T. 2015. Temporal climate Impacts of Using Willow and Logging Residues
for District Heating in Sweden. Licentiate thesis, Report 084, Department of Energy
and Technology, Swedish University of Agricultural Sciences, Uppsala, Sweden.
Höjer M, Ahlroth S, Dreborg K H, Ekvall T, Finnveden G, Hjelm O, Hochschorner E,
Nilsson M, Palm V. 2008. Scenarios in selected tools for environmental systems
analysis. Journal of Cleaner Production 16, 1958-1970
Jeffrey et al. 2013. Technology roadmaps: an evaluation of their success in the
renewable energy sector. Technological and Social change 80, 2015-1027
Johansson TB, 2013. Fossilfrihet på väg - del 1. SOU rapport 2013:84. Tillgänglig:
http://www.regeringen.se/content/1/c6/23/07/39/1591b3dd.pdf (2014-02-23)
Madlener R, Sunak Y. 2011. Impacts of urbanization on urban structures and energy
demand: What can we learn for urban energy planning and urbanization
management? Sustainable Cities and Society 1, 45–53
McDowall, W., Eames, M. 2006. Forecasts, scenarios, visions, backcasts and
roadmaps to the hydrogen economy: A review of the hydrogen futures literature
Energy Policy, 34 (11), pp. 1236-1250

Secondary title

18

Date

COMPLEX

Munksgaard J, Pedersen K A, 2001. CO2 accounts for open economies : producer or
consumer responsibility? Energy policy 29 (4) 327-334
Naturvårdsverket, 2012. Underlag till en färdplan för ett Sverige utan klimatutsläpp
2050 – Rapport 6537. Naturvårdsverket, Stockholm, Sweden.
Nilsson, J.S., Mårtensson, A. 2003. Municipal energy-planning and development of
local energy-systems. Applied Energy, 76 (1-3), pp. 179-187.
Quist et al., 2011. The impact and spin-off of participatory backcasting: from vision to
niche, Technology Forecasting and Social Change 78, 883-897.
Rydin, Y., 2010. Governing for sustainable urban development. London: Earthscan.
Robinson, J., Burch, S., Talwar, S., O'Shea, M., Walsh, M. 2011. Envisioning
sustainability: Recent progress in the use of participatory backcasting approaches for
sustainability research. Technological Forecasting and Social Change, 78 (5) 756768
The Swedish Energy Agency, 2014. Scenarier över Sveriges energisystem
[Scenarios of the Swedish energy system], ER 2014:19. Energimyndigheten,
Eskilstuna, Sweden.
The Swedish Government, 2015. Översyn av energipolitiken. Kommittédirektiv Dir
2015:25. http://www.regeringen.se/content/1/c6/25/52/72/0b9d3d64.pdf
SCB 2013. Kommunal och regional energistatistik - Slutanvändning (MWh), efter län
och kommun, förbrukarkategori samt bränsletyp. År 2009 – 2011. Tillgänglig:
http://www.scb.se/sv_/Hittastatistik/Statistikdatabasen/Variabelvaljare/?px_tableid=ssd_extern:SlutAnvSektor&rx
id=0cb800b0-19b4-4550-abe9-b04c4df3edd4 (2014-01-21)
Sigurdson, B. & Andersson, E. 2015. Färdplan klimatneutralt Uppsala –
processrapport. Modellering och aktörssamverkan för utveckling av mål, strategier
och åtgärder för begränsad klimatpåverkan. Uppsala kommun.
Trencher, G, Yarime, M, McCormick, K, Doll, C.N.H, Kraines, S., Kharrazi, A. 2014.
Beyond the third mission: the emerging university function of co-creation of
sustainability. Science and Public Policy, 41(2) 151-179
Uppsala kommun, 2015. Färdplan klimatneutralt Uppsala – ett underlag för strategisk
utveckling av klimat-mål, samt planer och åtgärder för minskad klimatpåverkan.
slutrapport till Energimyndigheten

Secondary title

19

Date

COMPLEX

Whitmore, A. 2013. Why have the IEA’s projections of renewables growth been so
much lower than the out-turn?
https://onclimatechangepolicydotorg.wordpress.com/2013/10/08/why-have-the-ieasprojections-of-renewables-growth-been-so-much-lower-than-the-out-turn/
Wright et al., 2011. Carbon footprint for climate change management in cities.
Carbon management 2(1), 49-60

Secondary title

20

Date

