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Abstract 
The City of Stockholm’s energy and climate goals are analyzed and projected in several scenarios. 

Using the year 2015 as the baseline year, a database covering the energy performance and fuel use 

within the City is created. This starting point is used to project the performance of the City until the 

year 2050. The projection is made with the use of scenarios and the simulation software LEAP by 

formulating scenarios that combine ongoing, planned and conceivable measures. All these scenarios 

aim to the reduction of emissions with the long term aim to set the City of Stockholm a fossil fuel 

free city by 2050. Various paths can be followed towards that goal and these are analyzed and 

classified based on cost and applicability. According to the simulation of scenarios, the immediate 

action and the long-term planning are shown to play an essential role in achieving the City’s goals. In 

addition, the significance of policy, the behavioral aspect and the continuous gradual development 

are found to be three basic pillars towards the target that the City has set. Specifically, the City 

should focus on energy efficiency in both generation and utilization. Available technology can help to 

this direction at an affordable cost and with remarkable potential. However, in order to achieve the 

target of an entirely fossil fuel free city by the year 2050, the City of Stockholm needs to support a 

shift of transportation modes towards public transport. Currently, the transportation sector has a 

low share of clean fuels and is likely going to be the most challenging sector to affect. Among the 

challenges in the transportation sector comes the fact that there is always a given risk when trying to 

introduce a new dominant fuel, based on assumptions of future car fleets and volatility of markets. 

Biofuels may for instance lead to a shortage in the market with higher biofuel and food prices as a 

result while changing the entire vehicle fleet takes 20 years on average. The best possible scenario 

does demonstrate one possible path toward a fossil fuel free City of Stockholm 2050 by taking a 

number of aggressive actions. This does not account for possible new technologies nor changes in 

the economy at large.  
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Introduction 
 

The given environmental condition around the world at the moment makes it clear enough that 

drastic changes must be made in the near future. Emissions need to be reduced to a significant 

extent and energy needs to be consumed more wisely. The majority of the countries around the 

world seem to agree on this and it is a matter of fact that some of them already have clear signs of 

improved performance after the application certain sustainability measures. 

The European Union has quite early introduced the need for change towards a better environmental 

behavior and thus many European countries are very active in this direction (European commission, 

2011). Sweden and more specifically the City of Stockholm has already a strong plan regarding the 

actions related to emissions and energy. Stockholm has traditionally been a city that has profiled 

itself as environmentally friendly and this is a strong part of the culture of the whole city.  

Indeed the performance of the City of Stockholm shows that the City is ahead of the targets that 

have been set by the EU (European commission, 2011). However, the proactive philosophy that the 

City has, gives extra charge to the authorities for additional measures that can achieve an even 

better performance compared to what is mandated 

The current status of the City of Stockholm (Figure 1 and 2) show that the actions taken until now 

have been well planned and that the measures employed gave result. However the question that 

may be raised is how much more this emission reduction can continue. In reality the sharp drop that 

has occurred was based on the sectors that immediately could contribute to reductions and with 

solutions that were more pragmatic, or as it is called “the low-hanging fruit”.  

At this point, if further reduction is sought, one is left with somewhat complicated or less pragmatic 

measures. And one challenge here is to manage a sustainable city without reducing the quality of life 

of every citizen. Therefore the criteria of the measures should be that they are acceptable by society 

and should also be economically feasible. 

As seen at the figures below (Figure 1 and 2) the energy shows an increasing trend over the past 

years. This can mainly be attributed either to the population or the increased income (consumption 

per capita) or both. However at the same time there is an improvement in the energy efficiency of 

equipment and installations due to technological improvements. The aim, then, is to get a closer 

understanding of the potential of the new technology measures and other means of counteracting 

the constantly increasing energy demand and propose a way that can enhance less energy use in a 

more environmentally friendly way. Of course, ultimately, energy needs to be used and it will be 

somewhat proportional to the population so in order to achieve the goals there needs to be a 

continuous shift towards non-fossil fuels. 
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Figure 1: Energy used in Stockholm, past trend and projection until 2015 (Source: www.stockholm.se and Fahlberg, 

2007) 

The emissions on the other side are related to the amount of energy use and the emission intensity 

of those fuels. Therefore energy efficiency is a top priority when investigating possible mitigating 

techniques. These techniques involve technological improvements and behavioral aspects and  differ 

for each sector. The emissions are pertinent to the fuel used and the emission factor for each fuel is 

different so the goal is to combine energy efficiency with continuous fuel switching toward fuels 

with minimal emission factors and preferably from non-fossil sources. 

For instance, the reduction in emissions from the transportation sector will require technological 

improvement in the engine for lower fuel, planning for reducing vehicle miles travelled, and shift 

towards non-fossil fuels. In the building sector the solutions could range from more advanced 

insulation methods, conversion of heating methods, more efficient appliances, etc. Using these 

types of combined of measures is what can get aligned with the target of the Fossil Fuel Free City 

which is the vision of the City of Stockholm by the year 2050. 

(http://www.stockholm.se/KlimatMiljo/Klimat) 
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Figure 2: Emissions in Stockholm, past trend and projections towards 2015 (Source: Lönngren et al, 2010 and Fahlberg, 

2007) 

Indeed it can be understood that for this to happen, much effort is required, especially because 

today’s functions in society are mainly based on fossil fuels. It thus requires significant  changes in 

terms of infrastructure, which  can be supported by cutting edge technology and supporting policies 

on local and national level. 

An important aspect of this study is to assess the energy plans on the national and European since 

those actions affect outcomes and emission factors on a local level. Stockholm, as a city, has been 

acting progressively throughout the years but there is a given difficulty in the changes required by 

the power sector or transportation sector if a complete elimination of fossil fuel is sought. These 

changes involve high cost and significant risk that might be of a significant responsibility and effort 

for the City to bear.  The national and European climate action plans can however directly influence 

the boundary conditions for the City. In a chain rule, decisions on a national level could enhance 

actions taken by the City. For instance, a national law that incentives will be offered to the new users 

or electric cars would be aligned with the City’s targets and would at the same time save much effort 

and financial resources from the City to apply for such a change locally and on its own. This  indicates 

the relation and importance of the national or international actions in a local setting. 

The City has clearly stated that the aim is a constantly better environment and a fossil fuel free city 

by 2050. The full elimination of conventional fuels today seems an obstacle that is hard to overcome. 

However the technology is present, and the desire from the City’s side is given. The next step 

towards realizing that is a so called Climate Action Plan that delineates the path  for the coming forty 

years. In this report an initial attempt to make such projections will be made to give an initial 

analysis of what might need to be done. 

Past Work 
The fundamental references for this report has been the action plan (Lönngren et al, 2010) and the 

reference report 2015 (Fahlberg, 2007). Both these reports and their underlying calculations provide 

a detailed analysis of the City regarding the energy use, the emissions and the potential of measures 
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that can be used towards the emissions reduction. The main difference between those is that the 

reference report makes an attempt to give a value of how things might look the year 2015 while the 

action plan (Lönngren et al, 2010) mainly focuses on the result of the measures the years 2020.  

In order to synthesize a rigid report there has been an attempt to make use of fundamental 

assumptions and try to outline the future condition based on that. Both the useful data of the 

reference report 2015 (Fahlberg, 2007) and the analyzed measures of the action plan (Lönngren et 

al, 2010) were used in order to approach the forecast with more vectors. At the same time the 

policies and the targets on a Swedish and European level were taken into account. Such reports 

(European Commission, 2011 & Swedish Energy Agency, 2010) analyze to an extent the future plan 

of Sweden and the European Union and respectively with the aim to provide a possible projections 

of the future scenarios. 

The Climate Action Plan (Lönngren et al, 2010). was created with the aim to state the level of 

emissions in 2009 and how it could look like by 2020. The concept was based on a reference 

scenario, which could be conceived as a business as usual scenario and a number of alternatives. 

These alternatives were aiming to suggest a reduction of emissions by the use of a number of 

thoroughly processed and analyzed measures.   

 

The measures were covering the areas of electricity heating and transportation. These were all 

organized accordingly to the most related section based on heating, electricity and transportation in 

order to ease the calculation of emission reduction.  

 

In the reference report 2015 (Fahlberg, 2007) has developed an emissions reduction scenario for the 

City for the year 2015. The scenario uses one path of measures and the data used are quite 

transparent and detailed. The transparency of the report and the data has been a good resource for 

cross checking and verifying the assumptions used. Therefore the scenario developed by Fahlberg 

can be considered as a basis for future reports as it has been for this one.  

Fahlberg (Fahlberg, 2007) analyzes the City based on the electricity-heating-transport sector and 

that has provided the possibility to make use of a significant amount of data with minor needs of 

processing. The report outlines that the future case for the energy demand in the City will be rising. 

A constant increase driven by the increment of population is the case for the period 2009 – 2015.  
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Figure 3: Energy demand in Stockholm 2000-2015 (Source: Fahlberg, 2007) 

 

The emissions, however, according to Fahlberg (Fahlberg, 2007) will be reduced to an extent and the 

reason for that is because of the extensive use of clean fuels. Clean fuels will be used instead of 

conventional ones and additional measures will apply to enhance a cleaner profile of the City for the 

year 2015.  

Aims 
The main aim of this report is to formulate scenarios and analyze the energy data of the City of 

Stockholm and thus propose ways that the City can follow to improve its environmental 

performance. More specifically it could be said that there is an attempt to analyze and investigate if 

the fossil fuel free society by 2050 is a possible target based on the available measures and 

technology. 

Objectives 
The main objective of the report is to develop a baseline year of the City of Stockholm’s greenhouse 

gas emissions by 2050 and to develop a series of scenarios that demonstrate the causality of 

different mitigation strategies.  This helps investigate the possible ways the for the City to achieve 

the target of fossil fuel free city. For that a rigid model of the City is formulated for simulation 

purposes. This model should include both demographic and technical data and should be a 

consistent basis that could be used for future projections. 
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Methodology 
The thesis is based on a methodology that aimed at identifying the core elements that lead the City 

of Stockholm to approach the target of a fossil fuel free society. The procedure starts with a detailed 

collection of data from various reliable sources and the analysis of past work. This helps identify the 

state of energy usage within Stockholm the past years up to now and is compiled within a database. 

This database is then the basis on which the scenarios are developed. 

An important section of the report is the identification of the targets that the EU and Sweden set. 

This provides with the possibility to compare how close the targets of the involved sides of the EU, 

Sweden and the City of Stockholm are. European policy can affect Swedish actions and therefore the 

City as well. However influence can be both negative or positive depending on the level that the 

targets are aligned.  It can therefore be understood that the priorities of both national and European 

goals set boundary conditions to the City of Stockholm both in terms of cost and time with respect 

to realizing its targets. 

The next step is the clear documentation of the potential measures that can be employed within the 

City. These are based on the past work with the addition of some necessary updates. These are 

combined to formulate a number of scenarios that indicate possible paths of action for the City.  

The scenarios are based on the reduction potentials of each measure and some basic assumptions. 

Both measures and assumptions are all clearly stated in order to enhance transparency and thus 

ease the follow-up of the analysis.  

The scenarios are then simulated with the aim to create a picture of how the scenarios will look like 

in the future in combination with global and local trends. The simulation then provides the results, 

which are analyzed at the last step, and the potential pathways are identified. The methods and 

approach are given with a short description below. 

Data Collection 
Data collection has been a fundamental part of this report. Taking into account that all the 

projections for 2050 are based on today’s data can underscore the importance of the input 

information. Although there is much data available regarding the City of Stockholm, it has been 

relatively challenging to identify the ones that can be used directly as input data to the analysis.  

In addition to that, the selection of the pertinent assumptions has led to the final synthesis of the 

conclusions in this report. These were used as pillars of further processing and  which signifies why 

their selection had remarkable weight towards the outcome. 

The detailed selection of data had also another important role. It was crucial to understand the 

philosophy of the City in a significant level and what actions have been taken in the past. This would 

enable to forecast as close as possible the similar actions that could be taken for the future. In 

specific it has been noticed from the available reports from the City of Stockholm that quite often 

the City’s targets were renewed to gradually higher levels. For instance, in 2005 the main target was 

to set the City below 3 tons of CO2 equivalent per resident by 2015 and almost 1.5 by 2020 and only 

5 years later the target set was aiming towards a fossil fuel free city by 2050. Furthermore, the rigor 

of some measures have been increased over time which indicates where there is an openness to 

change. It can be, thus, seen that it is important to understand how past actions has brought today’s 
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targets to determine the tendency of how the City should act in the future. This approach leads to 

solutions that are more pragmatic to the City’s style working.   

Therefore the selection of measures has been based on the reports and the studies that the City has 

approved and published. It would be risky to follow a report that has been done outlining City’s 

performance including future predictions and then adding measures from other reports that have 

not been validated in terms of feasibility with the City or which are not rooted in the City’s reality. 

EU and Sweden’s targets for the future  
The report is entirely based on Stockholm’s performance and all data processed directly were 

pertinent to the City. At almost all cases the City of Stockholm has been very proactive and the 

performance has been by far better than European or national level on a mean value. This is 

indicated by the overall reduction of emissions compared to the 1990’s level. Stockholm has reduced 

that more than Sweden’s or Europe’s mean value. However the decisions made on national or 

European level are strong enough to immediately affect the emissions or energy profile of the City. 

For instance having a policy that includes the cease the termination of nuclear power plants or an 

investment in wind power could directly influence Stockholm’s electricity and thus fuel use and 

emissions. 

This similarly applies to the incentives and policies regarding heating and transportation. Therefore it 

is useful to track the future plans of Europe and Sweden in those areas to get a safer and more 

realistic context to the forecast. It goes without saying that an attempt to make good projections in 

e.g. the energy sector forty years into the future will be very uncertain at best. It could be expected 

that many changes can take place in the on a global and local level which simply cannot be predicted 

today. 

Categorization of measures 
With regards to the measures, the relevant policies and technologies are combined to contribute to 

the final reduction potential. The measures were designed to reduce emissions reduction by mainly 

shifting use towards better and less emitting energy carriers and making the systems more efficient. 

 

The City of Stockholm has applied measures and has taken actions that enhance the performance of 

the city. In this report the past, the ongoing and the conceivable measures are analyzed throughout 

2050. In addition to that, new updated measures that can be applied are added and a final group of 

measures is formulated which are estimated based on applicability and cost. This combined set of 

measures is the basis for the scenario formulation. 

Scenario development 
The combinations in which measures can be applied are numerous and results obtained are also 

variable. Since the most important points are to investigate realistic and possible ways to mitigate 

emissions efficiently and to eliminate fossil fuels, scenarios have been developed that employ 

measures from all sectors. These scenarios were classified as low, medium and high application 

modes that include respectively low, medium and high applicability and cost. In addition to these, 

additional scenarios that show the business as usual scenario as well as the Swedish and European 

future performance are designated. The use of the later is made in order to provide a safe 

comparison among scenarios and thus reach more rigid conclusions. 
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Modeling 
The simulation of scenarios is made with LEAP1 software. The starting simulation year is 2015 and 

final year of calculations is 2050. The process of modeling is based on a starting year where the 

baseline data are known. Then a reference scenario is formulated which illustrates the case of the 

City on the condition that no measures apply so that there can be a comparison of the today’s case 

with the final year of calculation, in the particular year 2050.  

The rest of the scenarios are created based on the measures applied. Starting point is common point 

for all scenarios the year 2015. After that year the scenarios start to have effect depending on 

whether the mode of reduction is either high, medium or low.  

Each measure has an impact in the energy used by the sectors of  transport, heating and electricity 

and this causes changes in emissions. The impact that the measures have in the demand of energy is 

estimated in advance and thus is directly used in the simulation process. Then the software 

calculates and projects the emission over the time range. According to the calculations it can be 

distinguished what the final effect of each scenario on the emissions reduction is by the year 2050.  

Analysis of scenario 
After the simulation was completed and the results had been summarized, an evaluation was made. 

The analysis of the scenario discusses what could be made in terms of corrections or supplementary 

work with the aim to improve the action and thus reach the targets faster and safer.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1
LEAP software (Long-range Alternative Energy Planning System) is developed by SEI (Stockholm Environment Institute) 
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Results 
 

Data input 
The data gathered from Fahlberg’s report (Fahlberg, 2007) have helped generate a clear view of 

City’s energy profile. These have also served as the basis of the scenario development and enabled 

set an approximation of how energy values would look like by 2015 after adjusting assumptions with 

more recent statistics. These updates mainly derive from new population data and adjustments on 

fuel. These updates were based on information found at the data pool in the City of Stockholm and 

the Swedish statistics agency (www.scb.se). 

The baseline has been generated and consists of the following structure 

1. Demographics 

2. City if Stockholm 

a. Electricity use 

b. Heating 

a. District heating fuel mix 

c. Transportation 

3. Swedish electricity generation mix 

a. CHP and industry fuel mix 

4. Nordic electricity mix 

a. CHP and industry fuel mix 

 

In the table below (table 1) only the basic values  that were used in the simulation are given. 

However the analytical baseline of the energy for 2015 can be found in the appendix I. 

 

Table 1: Key assumptions 

 

Amount Unit 

Population 2015 913.675 People 

Population 2050 1.365.000 People 

Electricity Demand 2015 8845 GWh 

Heating Demand 2015 10041 GWh 

Transportation Demand 3546 Million Vehicle Km 

Nordic Grid Emission factor 69 tnCO2e/GWh 
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Measures and Assumptions 
The measures were determined based on the action plan report (Lönngren et al, 2010) and there 

was the need for some fundamental assumptions to be made as well. These had to do with the 

effect of the measures on the energy produced and used and for that each measure’s reduction 

potential has been reviewed. The related tables (Appendix I) indicate the measures applied in all 

sectors but these do not cover electricity generation because this is covered by the grid and local 

measures cannot affect national or Nordic grid. So the measures are applicable to the heating and 

transportation on a local level. It worth clarifying that the local power plants generate both heat and 

electricity. However the City receives electricity from the grid and not locally since the plants send 

their production to the grid first. This has a result that local environmentally wise improvements in 

plants to be covered by less clean modes in the grid that originate from other countries. 

At the moment the average emission factor for the Nordic grid is approximately 69 Ton Co2e/GWh 

(Statistik Allt, Industrial Ecology, 2011) and based on the assumptions as given in appendix I it will 

reach the value of 48 Ton Co2e/GWh. The emission factor of the grid and the electricity used in the 

City of Stockholm is based on how well the Nordic or the European grid will perform. Therefore it 

can be seen that changes in the Nordic area and the EU can give some change to the emissions 

generated by the electricity. Much weight is given on the European recommendations and planning 

and there are expectations for a significantly improved grid by 2050. (European Commission , 2011). 

Scenario development 
The scenario development aimed in combining the measures proposed in a various ways. This 

enables the observation of the potential in various combinations. However the most important 

element was to group the measures in a way that enables comparisons and extraction of 

conclusions.  

The business as usual scenario is used as a reference scenario and a way to compare the shift in the 

results where measures apply.  This comparison helps observe the amount of shift in values and thus 

the improvement gained.  

In addition to that, it is essential that the reference scenario, as proposed by the Action Plan  

(Lönngren et al, 2010), is included. This, according to the action plan report, should include all the 

measures mentioned as conceivable until 2020 in order to observe the maximum potential of the 

plan. After 2020 and until the year 2050 no further measures will apply and all changes will be driven 

by demographics. 
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Figure 4: Scenarios 

The implementation scenarios have been categorized in three main ways of action. These are named 

as low, medium and high implementation scenarios. The low implies measures that are easier to be 

utilized and at low cost and with lower emission reductions. The medium and high scenario increase 

the cost, the complexity and the effectiveness accordingly. 

As a framework, the implementation scenarios were set up so that the full set of planned, ongoing 

and conceivable measures are deployed similarly to the reference scenario of the action plan 

(Lönngren et al, 2010) but the time frame of utilization is different. That means that the reference 

scenario has 2020 as the year of completion while the low, medium and high the year 2050, 2040 

and 2030 respectively. This can be seen more clearly at the table below (Table 2). 

Table 2: Scenarios and targets 

 
BAU 

Reference 

2020 

Low 

(R-2050) 

Medium 

(R-2040) 

High 

(R-2030) 
FFF 

EU 

(low-high 

values) 

Electricity  
No 

measures 
-20% -20% -20% -20% 

Zero 

Fossil 

Fuel 
 

Heating  
No 

measures 
-70% -70% -70% -70% 

Zero 

Fossil 

Fuel 

-68%  2030)  

-99% (2050) 

Transport  
No 

measures 
-30% -30% -30% -30% 

Zero 

Fossil 

Fuel 

-9%  (2030) 

-67% (2050) 

 

•BAU 

•Reference 2020 Reference 

•Low        

•Medium 

•High 

Implementation 

•Swedish Policy adopts EU measures 
EU drives 

•Fossil Fuel Free by 2050 
Back casting  
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What the numbers indicate that based on the reference scenario in the action plan is the sectoral 

reduction in electricity, heating and transport will be 20%, 70% and 30% respectively. As stated 

above the same reductions apply in the particular sectors but at the decades later.  

This structuring was made like this in order to illustrate how beneficial the results of varying degrees 

of implementation speed since that is ultimately a main cost driver. The more that has to be done 

faster, the more expensive the scenario would be but the more likely that the targets will be met. 

Inversely, the slower the roll-out of measures, the easier it will be to implement them with a 

balanced budget but the higher the risk of failing to meet the 2050 goals. This is one of the key 

trade-offs the city needs to assess to find the most appropriate and intelligent phasing of measures.  

The reason that the implementation scenarios are using the reference case in such an extent is 

because this was extensively described and analyzed in the action plan. (Lönngren et al, 2010) This 

study was intended as a support document for policy makers and required that the measures used 

are thoroughly investigated. Cost, applicability and other factors that influence the effect of the 

measures were encountered in the analysis and this makes the action plan and the measures 

involved a safer foundation to develop scenarios on. So while the various implementation scenarios 

are significantly based on the reference scenario, the alternative scenarios are based on 

approximately the same group of measures.  

The other two scenarios that are included in the comparison of alternatives and the evaluation of 

the City’s performance are the EU policy based scenario and the fossil fuel free scenario. These are 

completely different from each other and they provide a good comparison basis for the 

implementation ones.  

The European policy is not connected with the reference scenarios. It includes the plans that EU has 

set as shown in table 17. The targets of the reductions in emissions are taken into consideration 

disregarding intermediate actions and how this can be achieved. It is a direct use of values with the 

aim to compare the EU levels in time intervals with the ones proposed by the implementation 

scenarios.  

The fossil fuel free city scenario, on the other hand, is  a back-casting scenario that attempts to give 

a picture of what levels have to be reached in specific points of time if the target of fossil fuel free 

city has to be reached. However, the scenario is formulated on the same basis and the measures 

used for other scenarios i.e. implementation and reference are used here as well. Nevertheless the 

application and use of those actions are made with the intention to have the desired result at the 

end no matter what the cost or the difficulty is.  

LEAP software 
LEAP is a software program developed by the SEI for energy planning and climate change mitigation. 

Is a powerful tool that can combine many demographic parameters and energy input and project the 

calculations for the future. The initials stand for Long range Energy Alternatives Planning System and 

any analysis for energy policy, climatic change and various other assessments related to those topics 

can be developed. (http://www.energycommunity.org)  
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In the report LEAP is used to simulate the scenarios that were developed and provide the projections 

of each one until the year 2050 to develop a comparison of scenarios. The graphs of the processed 

data are given in the following section.  

Simulation Results 
In order to simulate the City of Stockholm the baseline of the energy conditions for the year 2015 

was set. (Table 1) The structure of the City was based on the sectors of heating, electricity and 

transportation. The transportation sector, however, was split into the categories of city transport, 

trucks, ferries and flights. The reason for that is to ease observations. 

The flights are assumed to remain approximately at the same level as well as ferry travels. Trucks on 

the other hand will decline a bit in terms of use in the City because of various restrictions. But since 

they are not within the range of the rest of the types of transport i.e. cars, busses and rail were, they 

were simulated under the same umbrella. By doing this the measures and their results that enhance 

shift in public transport can be observed more clearly.  

The results obtained by the simulation program can be seen in this section. The graphs obtained 

from the simulation are numerous therefore only a selection of result is given in the report. These 

aim to illustrate certain aspects of the observations that are related to the City’s targets.  

Demand 

The first group of graphs is related to the demand of energy within the City. The demand in energy 

use can either increase or decrease according to the measures applied. An attempt is made to have 

a look on how demand can vary through the years in the City depending on the scenario and thus 

the measures involved.  

All sectors 

In the particular graph (Figure 5) the demand of energy within the City of Stockholm in all sectors is 

given. This includes an overview of all sectors. In broad terms it can be said that the implementation 

scenarios along with the fossil fuel free scenario, which make use of the measures in a steady and 

gradual mode, indicate that the reduction of demand can be plausible.  

On the other hand the EU and reference approach lets the demand increase or in other words lets 

the increment of population to increase the consumption without mitigating to an extent. A special 

note can be made for the scenario that is referred to the action plan where the measures are 

applied to a significant extent by year 2020 and thus reduce the energy demand. However just right 

after that period, on the hypothesis that no other measures apply and demographic factors affect 

the energy use, the demand increases according to the sharp rate of population and other parallel 

driving forces.  
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Figure 5: Energy demand in Stockholm, all scenarios (Results from Scenario Analysis) 

 

Electricity 

The electricity use in the City can follow different patterns. On the condition that the assumptions 

for the implementation scenarios are correct the demand will remain stable despite the population 

increment. On the contrary EU policies do not restrict energy demand to a significant level and on 

the BAU scenario the electricity simply follows the trend of the population rise.  

Slightly different, as expected though, the case where a large range of measures apply and then no 

new actions are taken. At this case the demand rises as expected and reaches higher levels than the 

stable line of implementation scenarios. This illustrates that although actions might be taken at a 

specific period of time and goals are reached, then the attempt should not be ceased as increment 

can be sharp and beneficial results of measures might not stay for a long term.  

One point that worth mentioning is that there are some measures for instance in the electricity of 

the City that apply to all cases since they are expected to be driven on a European or national basis. 

For example the gradual improvement in grid is included in all scenarios therefore the difference 

observed at the lines of the scenarios in the graph is based only on local actions. 
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Figure 6:Energy demand n Stockholm, Electricity all scenarios (Results from Scenario Analysis) 

Heating 

In heating things are slightly different. EU states that demand will approximately remain the same 

while at the implementation scenarios the assumption is that heating will reduce to approximately 

20%.  The reference 2015 which is referred to the BAU case has no measures applied and thus the 

demand for electricity will not be counteracted by local means. This brings a rise in demand of 

approximately 20%. The reference scenario based on the action plan shows the relevant reduction 

but then returns to expected high levels.  

 

Figure 7: Energy demand in Stockholm, Heating all scenarios (Results from Scenario Analysis) 
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Transport 

 

 

Figure 8: Energy demand in Stockholm, Transportation all scenarios (Results from Scenario Analysis) 

At this table is shown that -as per the assumption- the demand for transportation will be increase at 

all cases by 40%. This pattern is followed at all scenarios and it can be seen that year 2020  is the 

starting point for such increment.  

No much difference is noticed because demand in transportation has behavior of citizens as a main 

parameter and thus is difficult to estimate. However transportation reduction measures and mode 

shifts can be evaluated as given percentages of elasticity which is used to a good extent in the high 

implementation scenario and the fossil fuel free one. 

Greenhouse Gas Emissions 

The greenhouse gas emissions have been the core aspect that the City has been focusing on over the 

past years and this has been the indicator of environmental. Even though fossil fuel reduction is the 

primary goal of this study both aspects are directly connected and equal importance must be paid to 

them.  

 

All sectors 

The graph below (Figure 9) shows how emissions vary within the City depending on the scenario. 

The BAU scenario being the only exception where emissions are increased due to lack of measures, 

all the rest show a reduction. 
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Figure 9: Emissions in Stockholm, all scenarios (Results from Scenario Analysis) 

 

The reference 2020 scenario, as in all cases, reduces sharply by the year 2020 and then increases at a 

constant rate. The rest follow a gradual but uneven mode of reduction, which is a result of the 

respective measures. A significant role is played by assumptions that elimination of oil and coal is 

expected by 2030 followed by the other fossil fuels. However emissions are not reaching values 

close to zero because ethanol, biofuels and other fuels emit various elements that are included in 

the calculation and also the electricity, which is supplied by the Nordic grid, is not completely green.  

 

Table 3: Emissions in Stockholm, all scenarios (Results from Scenario Analysis) 

Emissions of all scenarios, all sectors (Thousand tonnes CO2e) 

 2015 2020 2030 2040 2050 

1. High Implementation 3046.2 2497.7 1511.1 1348.4 1184.3 

2. Medium Implementation 3046.2 2517.2 1656.9 1447.4 1254.1 

3. Low Implementation 3046.2 2678.2 1958.3 1695.2 1426.2 

A. FFF City 3046.2 2454.6 1434.8 1253.8 1075.5 

B. Swe/EU Policy 3046.2 2689.7 2023.4 1518.5 1300 

Reference 2015 (BAU) 3046.2 3120.8 3260.4 3387.3 3501.5 

Reference 2020 3046.2 1788.5 1950 2109.3 2266.3 
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At the table above there can be seen the bold and squared values which indicate the targets of each 

scenario. The initial thought was that the implementation scenarios should reach the values that the 

action plan scenario obtains by 2020. However the high implementation scenario should get at 

maximum this value by 2030, the medium by 2040 and the low by 2050. All three implementation 

scenarios have reached the target and even better than expected. According to the high the City 

emits 1511.1 thousand tonnes which is 277 thousand tonnes less than the target and medium and 

low approximately 350 thousand tonnes less. 

Electricity 

The emissions generated from electricity can be a controversial issue. The emissions can be 

definitely reduced by efficiency measures however the most critical is the way electricity is 

generated. On the condition electricity is generated locally then emission can be attributed to the 

generating source and area. But in the City’s case the electricity is generated partially locally but is 

counted based on the Nordic grid.  

This means that no matter how clean electricity is generated locally, Stockholm’s electricity 

emissions are calculated based on the Nordic grid. If coal plants supply the grid and the City 

generates electricity from wind turbines then the calculation will be made with the coal plants and 

the wind turbines in a proportional to the grid value.  

 

Figure 10: Emissions from Electricity, all scenarios (Results from Scenario Analysis) 

Keeping this in mind some observations can be made on the above figure. The reference 2020 line 

follows the pattern that was described in the above sections. However the difference is that the 

improvement of the grid has affects all scenarios. So for the BAU (reference 2015 scenario) where 

despite the entire lack of measures the emissions are reduced.  
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Table 4: Emissions from Electricity, all scenarios (Results from Scenario Analysis) 

Emissions of all scenarios, Electricity (Thousand tonnes CO2e) 

 2015 2020 2030 2040 2050 

1. High Implementation 572.6 548.7 500.8 452.9 405 

2. Medium Implementation 572.6 548.7 500.8 452.9 405 

3. Low Implementation 572.6 548.7 500.8 452.9 405 

A. FFF City 572.6 548.7 500.8 452.9 405 

B. Swe/EU Policy 572.6 470.9 247.8 151.8 44.8 

Reference 2015 (BAU) 572.6 580 586.6 582.3 567 

Reference 2020 572.6 469.1 513.1 555.8 597.1 

 

In the implementation scenarios the line is common since the fundamental electricity consumption 

measures apply to all three cases in addition to the grid improvement. The reduction of emissions is 

smooth but rather stable. On the contrary the high target of the EU can be seen in this sharply 

decreasing line. It is  the result from the plan according to which the EU shall reduce the emission 

generated from the power section to an approximately 99%. The table indicates the related values 

where the targets are reached for the low and medium scenarios but not for the high. The grid 

improvement is indeed a time related issue and local measures can contribute to a low level only.  

Heating 

Heating is the sector where some of the strongest measures can be taken. A significant number of 

actions are employed in this sector either under the umbrella of building or the industry.  

At all cases the reduction is significant and this can be observed at the graph also. It has to do a lot 

with the elimination rule of thumbs. These implicate the phase out of coal and oil usage in heating 

production. The hypothetical time frame for it is 2030 and that is why the sharp decrease in emission 

is noticed. 
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Figure 11: Emissions in Heating, all scenarios (Results from Scenario Analysis) 

 

 

Table 5: Emissions in Heating, all scenarios (Results from Scenario Analysis) 

Emissions of all scenarios, Heating (Thousand tonnes CO2e) 

 2015 2020 2030 2040 2050 

1. High Implementation 1303.1 959.4 293.6 267 242.7 

2. Medium Implementation 1303.1 970.5 359.5 288.7 241.3 

3. Low Implementation 1303.1 994.8 409.6 327 252.6 

A. FFF City 1303.1 916.2 217.3 188.9 166.5 

B. Swe/EU Policy 1303.1 1039.7 582.4 237.7 209.7 

Reference 2015 (BAU) 1303.1 1336.2 1401.8 1466.4 1530.2 

Reference 2020 1303.1 420.5 490.5 560.4 630.3 

 

The significant reduction is noticed at all implementation scenarios because there is a parallel 

improvement of district heating, conversion incentives and technology at all cases. The table 

demonstrates the values that are achieved at given times at all scenarios and it can be observed that 

the measures can apply at all cases with satisfactory results. 
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Transportation 

Transportation can be described as the most complicated area.  It is the sector where customer or 

even better citizen behavior is involved the most. Measures can take long time to be implemented 

and some additional inertia is expected with regards to public behavior.  

 

Figure 12:Emissions in Transportation, all scenarios (Results from Scenario Analysis) 

These factors are not considered in this report and the focus is based more on the shift of 

transportation preference and fuel switch as well. As it can be observed the EU targets are not so 

high and this could keep support to the City at low levels too. Implementation scenarios can provide 

a good result and high implementation result can be a very close alternative to the desired fossil fuel 

free scenario.  

Table 6: Emissions in Transportation, all scenarios (Results from Scenario Analysis) 

Emissions of all scenarios, Transportation (Thousand tonnes CO2e) 

 2015 2020 2030 2040 2050 

1. High Implementation 631.5 472 240.3 221.8 194.4 

2. Medium Implementation 631.5 475.1 305.3 277.4 239.8 

3. Low Implementation 631.5 606.6 541.5 465.2 374.6 

A. FFF City 631.5 472 240.3 205.3 161.8 

B. Swe/EU Policy 631.5 651 686.9 678.9 651.4 

Reference 2015 (BAU) 631.5 665.5 733 799.6 865.3 

Reference 2020 631.5 481.4 529 575.7 621.6 
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The table below (Table 6) illustrates that targets can be reached at all implementation scenarios as 

long as the planned measures apply. This can be attributed to the prolonged time frame of 

application which gives the possibility for the car fleet to be renewed. 

Last but not least improvement of technology in vehicles and greener cars from manufacturing 

companies bring a simultaneous reduction of emissions at all scenarios. Difference is noticed on 

tasks where infrastructure is applied. 

Fuel Comparison of BAU, High implementation and Fossil fuel free scenario 

The fuel comparison is  the section that describes the case in Stockholm most clearly. It is the only 

accurate way to investigate whether the City’s plans are close to what is sought and if not what is 

the level of difference. In this section the picture of the City will be observed both in an overview 

and in sector approach.  

The aim of this sector is to provide a comparison of the Business As Usual scenario, the proposed 

implementation scenario and the back-casting one. This way the implementation scenario that can 

be perceived as a progressive and updated scenario can be compared to the no action case and to 

the optimum one. Observations can set the extraction of conclusions safer and proposals for 

improvement can also be given. 

Fuel Use in All Sectors 

This approach gives the opportunity to observe the fuel use as it is for the whole city. This overview 

can provide the possibility to understand the level of improvement in all the sectors. Fuels are  

grouped in order to ease observation and understanding of the share within Stockholm. 

BAU scenario 

This scenario is referred as the reference 2015 and represents Stockholm in 2015 as defined by the 

energy baseline. After that, no measures apply and demand as well as fuel use is defined by 

population increase and customer demand respectively. The main observation at this case is that 

there is a parallel increment in all fuels along with time.  

In terms of numbers the bold characters show the points of interest and it can be noticed that the 

crude oil remains constant while oil products are increased steadily in the timeline. The rest of the 

fuels show not much of change but is expected even in that case to increase their renewable share 

despite the entire lack of targeted measures.  
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Figure 13: Fuels in BAU scenario, all sectors (Results from Scenario Analysis) 

 

 

Table 7: Fuels in BAU scenario, all sectors (Results from Scenario Analysis) 

Fuels in BAU scenario, all sectors (TWh) 

 2015 2020 2030 2040 2050 

Alcohol 0.5 0.5 0.6 0.6 0.7 

Biomass 3.2 3.2 3.4 3.6 3.8 

Crude Oil 0.2 0.2 0.2 0.2 0.2 

Electricity 10.3 10.9 12 13.1 14.2 

Heat 1.7 1.8 1.9 2 2.1 

Oil Products 6.7 6.9 7.3 7.8 8.2 

Renewables 2 2.1 2.2 2.3 2.4 

Total 24.7 25.7 27.7 29.6 31.6 
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High implementation scenario 

The high implementation scenario shows on the other hand both a decrease in demand and shift in 

fuel. The most important observation is that the oil products are reduced more than four times 

showing the significant change in fuel n the City. Biomass and electricity are increased and take 

partially the share in energy need that the fossil fuels use to have.  

 

Figure 14:Fuels in High implementation scenario, all sectors (Results from Scenario Analysis) 

 

Table 8: Fuels in High implementation scenario, all sectors (Results from Scenario Analysis) 

Fuels in High implementation scenario, all sectors (TWh) 

 2015 2020 2030 2040 2050 

Alcohol 0.5 1.2 1.8 1.6 1.4 

Biomass 3.2 3.9 5.3 5 4.7 

Crude Oil 0.2 0.2 0.2 0.2 0.2 

Electricity 10.3 10.2 10.2 10.8 11.6 

Heat 1.7 1.8 2 2 1.9 

Oil Products 6.7 5.1 2.3 1.9 1.4 

Renewables 2 2 2 1.9 1.8 

Total 24.7 24.4 23.9 23.4 23 
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After 2030 electricity is expected to rise and that can be partially attributed to the expected enter of 

electric cars in market. This is definitely an issue that can define the fuel use in Stockholm and 

especially in the transport sector.  

Bold letters show the state of fossil fuel use in the City.  Crude oil is referred to the ferries and traffic 

is expected to remain stable. However not much can be made since measures for such 

transportation are restricted and technology not much efficient. Oil products on the other hand can 

be manipulated more easily.  

Fossil Fuel Free Scenario 

In the fossil fuel free scenario not many changes can be noticed compared to the high 

implementation one. The reason is that the measures used already in the implementation scenario 

are numerous and highly efficient.  

 
Figure 15: Fuels in fossil fuel free scenario, all sectors (Results from Scenario Analysis) 

 

Differences in the graphs are almost unnoticeable but in the table below (Table 9) it can be seen that 

the value of oil products can reach a maximum level of 1 TWh in 2050 while the high 

implementation scenario forecasts a value of 1.4 TWh for the same year (Table 8).  
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Table 9: Fuels in fossil fuel free scenario, all sectors (Results from Scenario Analysis) 

Fuels in Fossil fuel free scenario, all sectors (TWh) 

 2015 2020 2030 2040 2050 

Alcohol 0.5 1.2 1.8 1.7 1.5 

Biomass 3.2 4 5.5 5.3 5 

Crude Oil 0.2 0.2 0.2 0.2 0.2 

Electricity 10.3 10.2 10.1 10.7 11.4 

Heat 1.7 1.9 2.1 2.1 2 

Oil Products 6.7 5 2.1 1.5 1 

Renewables 2 2 2.1 2 1.8 

Total 24.7 24.4 23.9 23.4 22.9 

 

Fuel use in Heating 

Despite the fact that there have been attempts the last years to reduce the fossil fuel use in the 

heating sector, the use of oil and coal is still a part of heating. A  share is attributed to private use 

wherever the district heating is not present. Measures such as district heating expansion or 

incentives for boiler conversion have been considered and these can support the idea that fossil fuel 

can be mitigated with detailed  and long-term planning. 

BAU scenario 

 

 

Figure 16: Fuels in BAU scenario, heating (Results from Scenario Analysis) 
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In the BAU scenario the values show a rising tendency at al fuels. Demand is increasing with 

population and fuels are proportionally following this trend. Oil products and coal are used in an 

extended level so basically this is the main part that the City needs to focus on. The large share of 

biomass includes coal and in addition to the oil products it can be understood that unless the 

changes apply early it will be fairly difficult to mitigate it at a later stage. 

Table 10: Fuels in BAU scenario, heating (Results from Scenario Analysis) 

Fuels in BAU scenario, Heating (GWh) 

 2015 2020 2030 2040 2050 

Biomass 3155.1 3245.3 3425.6 3605.9 3786.2 

Electricity 1382.1 1421.6 1500.6 1579.6 1658.5 

Heat 1740.1 1789.9 1889.3 1988.7 2088.2 

Oil Products 2683.2 2759.9 2913.2 3066.5 3219.8 

Renewables 2030.2 2088.2 2204.2 2320.2 2436.2 

Total 10990.8 11304.8 11932.8 12560.9 13188.9 

 

High implementation scenario 

The high implementation scenario employs very effective measures and the reduction is significant 

compared to the BAU scenario. 

 

Figure 17: Fuels in High implementation scenario, heating (Results from Scenario Analysis) 
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The coal is eliminated by 2030 and is substituted with biofuels and also oil products are reduced to 

approximately 1/10 letting its place being substituted by biofuels and biomass. Although the value of 

biomass is significantly better compared to the BAU scenario, the whole amount is referred to pure 

biofuels and biomass after the year 2030 in the high implementation scenario.  

Table 11: Fuels in High implementation scenario, heating (Results from Scenario Analysis) 

Fuels in High implementation scenario, Heating (GWh) 

 2015 2020 2030 2040 2050 

Biomass 3155.1 3881.5 5295.5 4979.6 4661.8 

Electricity 1382.1 1067.2 444.8 300.8 171.8 

Heat 1740.1 1830.6 2000.4 1970.8 1928.9 

Oil Products 2683.2 1874.2 307.5 288.3 269.1 

Renewables 2030.2 2023.3 2000.4 1881.2 1761.1 

Total 10990.8 10676.8 10048.7 9420.7 8792.6 

 

A small amount of oil products is left and it is basically referred to the private houses that either did 

not have access to the district heating or have not changed their private boilers.  

Fossil fuel free scenario 

In the fossil fuel free scenario, the heating should exclude all fossils either supplied directly or 

indirectly. This means that as long as the electricity supplied by Nordic grid includes oil products, 

natural gas or coal should be not included for heating purposes.  Therefore more space is given to 

biofuels and renewables.  

In year 2050 basically three categories of fuels are present; renewables, heat by sea and lakes and 

biomass and biofuels. Despite the fact that the actual amount generated by renewable means and 

heat remains constant for the period 2030-2050 the actual share is getting higher since the demand 

decreases due to parallel measures. 
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Figure 18: Fuels in Fossil fuel free scenario, heating (Results from Scenario Analysis) 

This can  be a good point to keep in mind because if sufficient measures are put in action in terms of 

efficiency and demand is reduced to an extent, then only small shift to fuels will be required. This 

can be observed at the figure above as well. (Figure 17) 

Table 12: Fuels in Fossil fuel free scenario, heating (Results from Scenario Analysis) 

Fuels in Fossil fuel free scenario, Heating (GWh) 

 2015 2020 2030 2040 2050 

Biomass 3155.1 4007.9 5472.2 5206.3 4923.9 

Electricity 1382.1 1062.9 412 194.4 0 

Heat 1740.1 1853.6 2072.4 2054 2022.3 

Oil Products 2683.2 1703.6 19.8 5.4 0 

Renewables 2030.2 2048.7 2072.4 1960.6 1846.5 

Total 10990.8 10676.8 10048.7 9420.7 8792.6 

Fuel use in Transportation 

Transport is a complicated sector to manage due to the significant share of private ownership. In 

addition to that the vehicles are an expensive item with a lifetime of 25 years approximately and this 

means that conversion or substitution or similar means of shift can be costly.  
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On top of that infrastructure can be also a huge investment that can attract users as an alternative. 

But still a combination of both is required if the fossil fuels and specifically gasoline needs to be 

reduced or eliminated.  

BAU Scenario  

 

Figure 19: Fuels in BAU scenario, Transportation (Results from Scenario Analysis) 

Keeping in mind that trucks or freight is not included in this graph, it can be seen that for the year 

2015 the cars are approximately 72% of the total energy use in City’s transport. Leaving the things 

unaffected this share will be continued to be preserved and  dominating City’s fuel. It is undoubtedly 

the point that the City needs to approach first and in multiple ways. 

Table 13: Fuels in BAU scenario, Transportation (Results from Scenario Analysis) 

Fuels in BAU scenario, Transportation (GWh) 

 2015 2020 2030 2040 2050 

Alcohol 449.6 475.3 526.7 578.1 629.5 

Biomass 3 3.2 3.6 3.9 4.3 

Electricity 662.9 700.8 776.5 852.3 928.1 

Oil Products 2312.1 2444.2 2708.4 2972.7 3236.9 

Total 3427.6 3623.5 4015.2 4407 4798.7 

High implementation Scenario 

At the high implementation scenario measures are introduced at an early stage and gasoline is at 

first substituted by ethanol and biogas but after the year 2030 the electricity plays a significant role 

in City’s fuels. 
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Figure 20: Fuels in High implementation scenario, Transportation (Results from Scenario Analysis) 

Indeed that can be controversial because the generation of electricity may be originated by fossil 

fuels in the Nordic area so this is something that needs to be encountered. A similar thing might be 

said also for the biofuels since there might be a land restriction in the future which will make it a 

very expensive fuel and thus cannot be an attractive alternative for the City despite the benefits in 

emissions and fossil elimination.  

Table 14:Fuels in High implementation scenario, Transportation (Results from Scenario Analysis) 

Fuels in High implementation scenario, Transportation (GWh) 

 2015 2020 2030 2040 2050 

Alcohol 449.6 1062.9 1636.6 1245.3 843.3 

Biomass 3 13.2 35 58.2 82.2 

Electricity 662.9 807.8 1428.9 2249 3096.6 

Oil Products 2312.1 1622.5 550.2 344.5 135.7 

Total 3427.6 3506.4 3650.7 3897 4157.9 

 

Fossil fuel free scenario 

The fossil fuel free scenario verifies that the aim of the City requires an early planning and with 

certain targets. The gasoline might require some extra attention in order to be phases out 

completely. In this case ethanol biofuels and biogas can be a supplementary batch of fuels to the 

electricity according to the scenario analysis. 
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Figure 21: Fuels in Fossil fuel free scenario, Transportation (Results from Scenario Analysis) 

Indeed the last three decades, similarly to the high implementation scenario, electricity is increased 

rapidly in the share representing both electric cars as well as increment of rail share in the City. 

Busses will be basically using biogas and ethanol while biogas could be a partial alternative to car 

fuel also.  

Table 15: Fuels in Fossil fuel free scenario, Transportation (Results from Scenario Analysis) 

Fuels in Fossil fuel free scenario, Transportation (GWh) 

 2015 2020 2030 2040 2050 

Alcohol 449.6 1062.9 1636.6 1305.2 961.3 

Biomass 3 13.2 35 58.2 82.2 

Electricity 662.9 807.8 1428.9 2249 3096.6 

Oil Products 2312.1 1622.5 550.2 275.6 0 

Total 3427.6 3506.4 3650.7 3888 4140.1 

 

The table above (Table 15) indicates that a scenario where oil products are eliminated entirely is 

possible. However numbers also verify that this has to be done through the four decades and at a 

constant rate otherwise can be expensive or difficult to implement.  
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Discussion  
In the particular report an attempt has been made to conduct a high level scoping analysis in order 

to relate the climate action to the City’s goal of a fossil fuel free city by 2050. The only missing 

element of the City’s vision is to define the way the target can be achieved. 

A thorough investigation over the past work gave the opportunity to define the energy profile of the 

City to a sufficient extent and that was used to create a hypothetical profile for the City for 2015. 

This was used as a baseline in the simulation process and so the relevant material, such as measures 

and actions, that was obtained from the City’s reports. (Lönngren et al, 2010 and Fahlberg, 2007) 

In addition to that attention has been put to the plans of the EU and Sweden since actions on 

national and European level can play a significant role. Targets were recorded and taken into 

account during the simulation and thus it has been a consistent material for comparison and 

assumption formulation.  

The assumptions have indeed been a fundamental part of the forecast. The importance was 

significant and therefore extra care was taken before these were determined. Various sources were 

used for verification and also a track of past records was referenced in order to assure the validity of 

the assumptions and thus the forecast.  

The City has a fairly good record in the emissions reduction. Various actions have been taken in 

order to improve the performance and the culture of the stakeholders and the citizens seem to be 

aligned. This indeed plays a fundamental role in improvement. The more applicable and probable 

efficiency measures have been used. The question now is whether the City can still keep this pace of 

reduction and what will it take to do that. 

Analysis Result  
According to the results obtained from the simulation program there is a scenario that is fairly close 

to the fossil fuel free city. This can be considered as a realistic and feasible scenario given the fact 

that stakeholders can cooperate and all forces are aligned towards the target. This scenario can let 

the City obtain a level of emissions close to 1000 thousand tonnes of CO2e as seen at the graph 

below (Figure 22). 

This case is also compared to the BAU (reference 2015 scenario) scenario where the City takes 

basically low or no action. Well to put it in a different context, the main purpose is to illustrate the 

importance of action compared to non-action rather than point out the possibility that the City 

follows the idle path of response.  

However this comparison can be made also for the energy usage, this is of major importance 

because one focus area for the City is to manage energy consumption in addition to the fuel 

switching.  
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Figure 22: Expected emissions in Stockholm (Source: Lönngren et al, 2010 and Fahlberg, 2007) 

The last years the energy consumption of the City has been rising. It can be considered an ambitious 

scenario to expect consumption to decline in the future because the population is increased along 

with the income of the citizens. However it can be considered possible for the consumption to 

remain stable and even be reduced slightly on a long term basis on the condition that given 

measures apply.  

 

Figure 23: Expected energy use in Stockholm ((Source: www.stockholm.se and Fahlberg, 2007) 

The high implementation scenario involves measures and in a way that enable the City preserve the 

consumption constant while if no action is taken the rise will be preserved and that can be at some 

cases even in higher rate than before. In terms of graphics this can be observed in figure (Figure 23) 
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Figure 24: Energy share in Stockholm
2
 

The City base on the reference scenario the year 2015 will consume 24.7 TWh of energy in total. This 

among the three basic sectors of heating, electricity and transportation is distributed at a share of 

45%, 31% and 24% respectively. This can be also observed at the graph above (Figure 24). 

Focusing, however, at the share of fossil fuel used in the City, it can be seen at the table (Table 16) 

that more than one third of total consumption is expected to be supplied by non-renewable or clean 

means. The ratio remains the same for the year 2050 and in actual amount increase since the 

demand rises freely. Therefore the rise in the emissions is reaching higher levels of 3756 thousand 

tonnes CO2e.  

Table 16: Energy data, fuel and emissions. Baseline and scenarios 

 

Energy demand 

(TWh) 

Energy from fossil fuel  

(TWh) 

Emissions  

(Thousand tonnes CO2e) 

Stockholm 2015 24.7 7 3059 

Stockholm 2050 BAU 32 9 3756 

Stockholm 2050 

(implementation) 
23 1.6 1184 

 

On the other hand according to the high implementation scenario, the demand in 2050 can be at 

lower levels than 2015 and emissions as well.  

 

2
The data for graphs for 2015 are sourced by Fahlberg (Fahlberg, 2007) and are updated based on new demographics 
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Based on the simulation results, the energy consumption can be 23 TWh in 2050 and 1184 thousand 

tonnes emissions. However the significant point here is that although the emissions are reduced to 

one third the fossil fuel consumption has been reduced by 77%.  This indicate a very low 

consumption of fossil fuels keeping in mind that biofuels are still contributing with a specific amount 

of emissions.  

If a closer look is taken in the sectoral energy consumption and emissions, these are following 

definitely the trend of the overall picture. However it would be useful to have observe each are 

separately in order to get a more clear view of how city’s profile.  

Electricity 

The consumption of electricity within the City is majorly covered by service sector. Therefore it 

would be wise that most measures should target to this sector first and secondarily to the rest. This 

will  help optimize the solution and shorten the time that the City will reach it targets. 

 

 

Figure 25: Electricity use by sector
2
 

However the electricity can only be affected in terms of demand and not in the way it is generated. 

Currently the Nordic grid consumes 23% (Figure 28) fossil fuel which is generated majorly by coal 

and natural gas. (Figure 27). The share of renewable is in high share but still 30% of the whole energy 

production is responsible for the fossil fuel existence. 

  

Figure 26: Sources used in Nordic grid
2
                  Figure 27: Fuel used in Nordic grid

2
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The emission factor for the grid in year 2015 is expected to be 69 ton CO2e/GWh. The case for 2050 

will be improved based on the expectations and the emission factor can be of approximately 48.8 

ton CO2e/GWh. 

  

Figure 28: Fossil share in grid 2015
2
  Figure 29: Fossil share in grid 2050 

For that to occur the coal must be halved and parallel minor reductions in oil must made as well. In 

that case the fossil share in the grid will be approximately 18%. Further reduction can be achieved 

but probably either more complicated negotiations among stakeholders and Nordic countries must 

be made or a European policy must dominate the decisions of the entire grid and therefore national 

policies. 

In that sense the City itself is relatively restricted and not many action can be made to mitigate the 

emissions or the share of fossil fuel use for electricity. Actions can be mainly focus on the 

consumption side targeting the efficiency of electricity use or the consumer behavior.  

In terms of electricity generation however, the whole grid is interconnected and even if the City 

pushes local energy producers by local restrictions to eliminate coal, oil and other fossil fuels it will 

not be enough to counteract the Danish coal. And indeed, the reduction of fossil share in the overall 

grid will be infinitesimal despite the huge effort and cost. 

Since such scheme can be considered as conservative and progress preventive, it would be wise 

enough to set the policy that each city will be evaluated on a local basis rather than on a grid basis. 

Through this a gradual motivation would be given to the cities and local communities to improve 

their profile because the evaluation would be direct and specific for the area. This would enhance 

development of local electricity production and would not support the idea that small areas or 

communities cannot contribute to the overall progress. Such an idea is less motivating and lets the 

cities act carelessly, in terms of emissions and energy use.  

Apart from a fair way of evaluation among the areas it will be an additional motive for the cities and 

areas to explore the idea of local electricity generation and support the national grid with local 

means and interest. Stockholm has always been the leader in such actions and it would be beneficial 

to be enabled to invest in such an idea.  

It is known and clearly stated that the City has the desire to clean every single drop of fossil fuel in 

the City’s use. However the idea of investing in a wind farm to a nearby area, for instance in the 

borders with Gävle where the potential is very satisfactory, was never encouraged. On the contrary 
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limitations regarding the borders of investment or whether electricity can be directly attributed to 

the Stockholm’s consumption had pushed such ideas away.  

However if it is taken in mind that every city invests all of its electrical need in renewable technology 

in the nearby area, that would be extremely beneficial for the country since it will be a motive for 

local communities to manage their needs accordingly and also local production would enhance local 

economies. Indeed the national benefit will be both in terms of infrastructure and reduced cost. 

Nevertheless it would be useful enough to evaluate, according to the today’s data 

(Energimyndigheten, 2008), whether electrical production by a wind farm can significantly 

contribute the local production for the City of Stockholm.  

Payback time calculation of a wind farm 

 

Total annual output  = MW (per turbine) * Number of turbines * Hours of operation *capacity factor 

(1) 

Total annual output  = 2(MW) * 280 * 8760 * 0.25  = 1,226 GWh                 

Cost = 2.2 million Euros/MW                                                                          

For 1,226 GWh 

Cost of wind farm = 2,698 million Euros or 26.98 billion SEK                          

Electricity price = 0.8 SEK/kWh                                                                          

For 1,226 GWh 

Cost of electricity = 980 million SEK                                                                  

Payback time = Cost of wind farm/cost or electricity per year 

Payback time = 27.5 years                                                                                 

 

The payback time is pertinent to the potential of the site and the electricity price. Give the fact that 

electricity price is expected to rise, the payback time can be even less and therefore more attractive. 

Another parameter is the cost of technology which  is expected to be reduced as the time passes.  

At the moment the City uses fossil for the 1364 GWh of the electricity consumed. It can be 

understood, thus, that the given potential by the coast can provide the necessary amount to balance 

out the fossil fuel for its own needs.  

Similar examples can be definitely given with PV solar panels on the roofs or even with solar thermal 

systems. However the wind power is a good example in the given period of based on the level of 

technology, the cost and the local potential. 
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Heating 

Heating is considered to be the most emitting sector and that is why the City has already paid much 

attention to it. The chart (Figure 30) can illustrate clearly this attempt. At the year 2015 and not 

much different from 2010 the district heating covers a significant level of the City’s heat with 88%. In 

the second position but way too lower is the oil use in houses and services, which covers only 6% 

while all the other means of heating hardly cover 6% of the City. 

 

Figure 30: Share of heating types 2015
2
 

The City has invested a lot into that with the hope both to provide high quality services and manage 

fuel control for everyone’s benefit. The price has been approachable for the customer due to the 

scaled purchase and production and also the entry of renewable sources was faster and easier as 

well. It can be seen in the chart below (Figure 31) that biofuels, bio-oil, waste and waste heat are 

some of the fuels used in the district heating.  

 

Figure 31: Fuel share in District Heating
2
 

Despite the effort, though, the coal and the oil cover 17% while electricity used from grid is up to 

12%. There is an obvious need for substitution of this nearly 30% with other fuels that are greener 

and can save much of the emissions for the City as well.  
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Figure 32: Fossil share in heating 2015
2
 Figure 33: Fossil share in heating 2050 

The City’s 36% of the total heating fuel is fossil. It  is fairly a significant amount of fossil that needs to 

be gradually phased out. However in order to have targeted measures and more efficient mitigation 

it is necessary to have a good knowledge on where such fossil is used.  

A useful chart is the one below (Figure 34) which points out exactly where the fuels are used and to 

which extent. As it can be seen oil in private use and coal in the district heating are the major 

components of the conventional fuel use in the City. 

 

 

Figure 34: Fossil fuel use 2015
2
 

 

According to the proposed scenario of high implementation, the simulation results have shown that 

the City can reduce the fossil fuel to 5% by the year 2050. This is a remarkable reduction compared 

to the baseline and it is clearly attributed to the desire of the City to phase out fossil means. 
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Figure 35: Fossil fuel use 2050
 

This 5% is distributed on en even way among oil, city gas and electricity. It is definitely a shear 

change in the composition of the fuels and as long as the electricity is generated by green means  

then the percentage left can be up to 2%.  

An issue that needs to be discussed at this point is the strategy that the City will follow. This can be 

either an expansion for district heating or a conversion policy for private users. A wise thought 

would be to try expand the district network and continue the pattern that has been used until now 

for the whole city. If the district heating reaches a 98% or 99% of the total heating network then the 

City can control better the transition to the fossil fuel free city. Pressure can be put more easily to 

the stakeholders and basically the fuel control can be handled more efficiently.  

On the other hand the cost of district network set up is very high. And the customers cannot be 

forced to join the network if they do not intent to do it by themselves. District heating has not been 

much cheaper for the customers and cannot be much cheaper in the future because the pressure for 

getting cleaner can increase the cost of generated heat since the renewable fuels cannot be 

competent enough at the moment.  

Therefore the price for heated area cannot be tempting for customers outside the district network. 

And on top of that the risk of expansion can be high if the probability that the citizens reject the 

connection to the district network is high too.  

The alternatives to this condition are solutions such as heat pumps, thermal solar panels or even 

additional thermal harnessing from pipes dug into the ground. But the latter solution is more 

appropriate for detached houses or places with open ground area nearby.   

However the most viable solution on the conversion aspect is the traditional solution of the heat 

pumps and the traditional heat boilers. With the notable difference that these boilers use biofuels or 

biogas instead of oil and city gas respectively. Nevertheless, no matter what the actual strategy is, 

the important thing is that the City focuses on the fuel switch and not stay only to the measures that 

focus on consumption.  
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Transportation  

The transportation in the City is mainly consisted of two big parts. The first one is the side that deals 

with citizens as a means of transportation and the other one that includes the freight, ferries and 

planes. The reason for such a categorization is because of ease of processing and measure 

application.  

The ferries and planes are expected to remain constant and  there are not much restrictions that the 

City can apply to those. Additionally the fuel use is also another aspect that has to do with 

technology improvement and not at all with the City’s right of disposition.  

 

Figure 36: Share of transportation (Vehicle Km) 2015
2
 

The freight within the City is a constantly rising section which involves a constantly rising number of 

trucks and therefore fossil fuel. The City’s measure focuses entirely on logistics management since 

this is the part that the City can have a word to. Indeed much plans of structuring delivery and 

distributing the goods are on the way and hopefully they will let the City keep a number of the fuel 

used outside the City without any loss in the distribution quality. 

  

Figure 37: Share of transportation mode 2015
2
        Figure 38: Share of transportation mode 2050 

On the other hand the City’s transport which includes cars, busses and rail is an area that many 

measures can apply and significant change can be expected. Partially due to the City’s management 

and partially on the emerging technology transition to the use of the transport mode by the citizens 

and new type of vehicles of cleaner type can be the case in the next years. 
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More specifically the basic means for transportation in Stockholm is the private car by 77%. The rail 

has one fifth of the share and approximately 4% is the use of bus in the preference of citizen’s 

transport. 

It is  a big difference and someone would expect the share of buses for instance to be higher. The 

City of Stockholm has a well planned, efficient and accurate bus network that is highly used by the 

citizens. However this extent is not seen in the above graphs to this extent because the pie chart 

shows the Km travelled by vehicle and not by passenger. 

The vehicle of bus has an average value of 40 passengers and the car as a vehicle approximately 2.1 

based on the available data. (Fahlberg, 2007) The relevant calculations between the distance 

travelled by vehicle and by passenger can be seen in appendix II.  

Nevertheless, the point of interest is that the City manages the fuel use in a wiser way. As long as the 

car fleet consumes the majority of the energy in the City as given in figure (Figure 36) then there is a 

given difficulty to set control in fuel use. 

It is of high priority then for the City to try provide a motive to the passenger n order to shift the use 

from car to bus or rail. This can be either done by increasing the fuel price, probably by taxes, or 

increase the quality of public transport in combinations with restrictions of car use in the City.  

Various measures are included in the transport sector that aim in the increase of public transport 

share and also in the prevention of car use in the City and the result of it can be seen in the graph 

(Figure 37). According to that car is still used highly but bus use doubles up and rail share has 

increased more than twice.  

This is a significant improvement by the City given the difficulty and the restriction of space to act 

and the involvement of passengers – citizens that still may have the preference to move with their 

own private means. However much are expected to be made by an extension of bus and rail 

network.  

Well this is the idea regarding the shift in mode or in other words the means of preference in the 

City transport. The other side of the coin, however, involves an aspect that the City can affect to an 

extent only. This has to do with the fuel use of the means.  

The fuel cannot be changed at all in the rail. Electricity is the fuel and is much desired that the 

electricity generation is made by cleaner means in order to help improve the environmental 

performance. However it is not within City’s power to affect that much. On the other hand, though, 

there is much that the City can make in the fuel used by bus.  

The busses use ethanol to 63% of all fuel in 2015 and the rest is basically Diesel. Biogas has a low 

share in the fuel use in buses in 2015. However things change according to high implementation plan 

and the measures taken by the City give more space to biogas and even more in ethanol. Diesel is 

still expected to have a share unless drastic changes apply in the technology by that time.  
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Figure 39: Fuel use in Buses
2
 

The technology on the other hand is probably going to have a significant affection in the cars. The 

improvements are constantly increasing the standards and the cars are reaching higher 

environmental performance. Nevertheless, the important breakthrough is expected to happen with 

the electric cars.  this is the basic realistic hope for the City of Stockholm in order to manage the fuel 

use in the City and reach the target of fossil fuel free city.  

On the condition that the expectations come true and the related measures are utilized, the electric 

cars are probably into the market by 2030 and in a constantly increasing share may reach up to 65% 

of the whole cars fleet by 2050. If so the fuel share can be very much encouraging since the 

electricity will have 75%  share and biogas a small percent as well. Gasoline might be still present at 

that time since the car takes 25 years to be replaced and it is a very expensive item that the citizen 

has invested on it. Therefore it may be slightly difficult to force the entire elimination of gas 

powered cars.  

 

  

Figure 40: Fuel share in Transportation, 2015
2               

Figure 41: Fuel share in Transportation, 2050
 

The overall picture of the City, then , is expected to be as shown in figure above (Figure 41). Shear 

changes in the fuel use displacing the gasoline from the fuel used the most to electricity. Ethanol is 

increase as well and diesel sees a complete phase out.  

0 

20 

40 

60 

80 

100 

120 

140 

160 

2015 2050 

Fuels use in buses (GWh) 

Diesel 

Biogas 

Ethanol 

13% 
0% 

10% 

58% 

19% 

Fuel Share 2015 

Ethanol 

Biogas 

Diesel 

Gasoline 

Electricity 

20% 
2% 

0% 

3% 

75% 

Fuel share 2050 

Ethanol 

Biogas 

Diesel 

Gasoline 

Electricity 



45 
 

  

Figure 42: Fossil share in transport 2015
2
  Figure 43: Fossil share in heating 2050 

Base on those figures (figure 40 and 41) the City is very close to the target of fossil fuel free despite 

the complex measures and constant improvement that has to be shown. It can be seen, though, that 

it is a realistic and achievable target despite that much hope is left for technology improvement i.e. 

electric cars and increase production of biofuels. 

This is easily observed in the charts above (Figure 42 and 43) where although the fossil was 87% in 

2015 it has been shrunk to 3%. This also takes into account that the electricity in 2015 is not a clean 

fuel but in 2050 all the electricity is classified as green3.  

But as it has been stated already, the decisions of Sweden and the EU can significantly affect the 

progress of the City. So it would be wise to have a look on what the plans and expectations are on a 

national and European level. 

Energy road map for EU and Sweden 
 

The EU energy roadmap 

European Union leads the shift in environment and therefore a high investment is put in it. The 

targets that has been set are relatively ambitious but on a theoretical basis the plans seem to be 

plausible.  

More specifically, and keeping as a base point the 1990,  the EU aims in reducing the emissions by 

one fourth until 2020 and approximately 80% by 2050. However these values include the overall 

reduction. If a closer look is taken (Figure 44) it could be seen that the focus is more on the 

electricity and heating side and less on the transportation.  

More specifically it can be seen that there is a gradual improvement in all sectors with an exception 

the transport sector.  

 

3
As observed in figure 41 the share of electricity in transportation is estimated to be 75%. Based on the EU assumption that 

the grid will be supported 99% by clean sources the figure 43 shows that only 3% will be supplied by fossil fuels. However, 

if the City of Stockholm do not manage to generate electricity locally or if the status for the Nordic grid remains totally 

unchanged then the electricity generation can be approximately 79% by conventional sources.  

13% 

87% 

Fuel use in Transport 2015 

Clean 

Fossil 

97% 

3% 

Fuel use in Transport 2050 

Clean 

Fossil 



46 
 

The decrease in power can be translated by an only small improvement for the first 15 years until 

2005. However,  the following period until 2030 the values are between 54% and 68% to reach a 

peak of 99% by 2050.   

A similar but less aggressive pattern can be distinguished in the industrial sector where from 20% the 

year 2005 steadily gets better with a maximum possible improvement of 87%. The residential and 

service sector show a parallel improvement to industry while agriculture attains a more steady and 

less aggressive reduction. The range for agriculture is from 20% in 2005 to top value of 49% by 2050.  

The things in transportation are slightly different though. There has been a significant increase of 

30% between 1990 and 2005 and after some measures apply until 2030 the value can decrease by 

10% which will be approximately 20% more emissions compared to the 1990 value. In the optimistic 

scenario for 2030 the value can be better than that by an actual value of -9% compared to 1990 

levels. Improvement will be further enhanced after that on a higher pace reaching a -67%, to the 

maximum extent,  compared to the 90’s levels.  

Table 17: GHG reduction compared to 1990 (Source: European Commission, 2011) 

Sectoral reductions  low value high value low value high value 

 2005 2030 2050 

Power (CO2) 7% 54% 68% 93% 99% 

Industry (CO2) 20% 34% 40% 83% 87% 

Transport (excl marine) 4 +30% +20% 9% 54% 67% 

Residential and services 

(CO2) 

12% 37% 53% 88% 91% 

Agriculture (non CO2) 20% 36% 37% 42% 49% 

Others nonCO2 emissions 30% 72% 73% 70% 78% 

Total 7% 40% 44% 79% 82% 

 

Although the European roadmap for energy shows a clear improvement of change and a very bright 

side of how the future can look like regarding the emissions, it could be strongly argued on how 

realistic such a forecast is and what the actual case would be.  

Such a reduction could be described as an optimistic attempt but in order to evaluate such 

assumptions and prediction reports it would be useful to have look in the past actions and what was 

the result they gave. By doing so the judgment will be safer and more sensible.  

 

4
Values with plus sign implicate an increase in the emissions 
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Figure 44: EU roadmap. Reductions in emissions by sector (Source: European Commission, 2011) 

Having the look in Kyoto protocol and European targets after that, the 20-20-20 plan which 

implicated that the reduction of emissions will be reduced by 20% until the year 2020 was already 

considered a demanding target when it was first decided in 90’s. Now aiming into a 25% reduction 

by 2020 it is an even higher goal but still feasible to reach. 

According to the 20-20-20 plan there should be a 20% increase in efficiency, 20% of renewable 

energy and 20% of emissions reduction by the year 2020. On the condition that the renewable 

energy reaches the 20% level and the efficiency as well then the emissions will be reduced by 25%. 

So, based on that, it can be assumed that the EU counts in applying the agreed plan to full extent or 

at least this is expected.  

On the same line, it could be said that  the target of emission reduction at the level of 93% to 99% 

can be very ambitious, however it would be wise to remember that when the 20-20-20 plan was first 

announced sounded difficult target to reach. But now is the reality in some countries and close to be 

the case in many parts of the EU as well.  

In addition to that it should be taken into account that the technology forty years later may have 

reached a level that can enable even a full 100%. It is worth mentioning that since the Kyoto 

protocol has been signed and companies and countries entered the process of development in the 

Green Energy, the technology has improved significantly and the price of the available technology 

has been reduced to a high extent.  

Therefore is indeed assumed that on the condition that actions are taken, technology can contribute 

to any optimistic scenario making it feasible and thus showing that European targets are feasible 

despite the tough expectations.  
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The Swedish energy roadmap 

Sweden’s plans for energy are not way different to the European ones. The study that was carried 

out by the IVL (Svenska Miljöinstitutet) with the title “Energy Scenario for Sweden” processes the 

data in Sweden categorized according to the sectors of transportation, industry and business and 

services, which  is a different categorization to the one used in the reports used for Stockholm and in 

this one too.  

 

Figure 45: Emissions target in Sweden (Source: IVL, 2011) 

The report shows that the demand of energy will be reduced to all sectors and there will be a 

simultaneous elimination of the oil products and fossil fuel in general. In the transport and industry 

sectors the shift of oil products will be substituted by the biofuels. On the other hand the household 

and service sector will have a reduction in the overall demand of fuels but the share of solar based 

power will be increased. (IVL, 2011) 

Demand side in Sweden 

The electricity demand in Sweden is pretty difficult to accurately predict. The past trends have been 

very fluctuating and the future ones will probably follow a similar pattern. The forecast in the future 

based on the related report (IVL, 2011) indicates that the demand will move towards a reducing 

mode. 
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Figure 46: Electricity production in Sweden (Source: IVL, 2011) 

Nuclear plants are expected to be ceased by 2040 and the substitution of the desired energy to be 

supplied by wind and solar power. Wind power is expected to have a significant share next to 

hydropower for the Swedish electricity generation and by all means demand should go downwards 

although the sharp drop at the year 2040 is relatively fuzzy on whether it can  occur and under which 

circumstances. 

The demand for heat in Sweden is expected to decline. It would be thought that the demand would 

be affected more by various measures in the efficiency side. However the major reason for reduction 

of heat use is the global warming, according to IVL (IVL, 2011). 

 

Figure 47: Change in heating demand due to climate (Source; IVL, 2011) 

The drop as described by the graph above (Figure 47) is significant and that can help in the direction 

of emission and fossil fuel reduction remarkably. The share of fuels as expected to be in Sweden the 

following years can be observed in the graph below (Figure 48). 
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Figure 48: Fuels used for heating in Sweden (Source: IVL, 2011) 

Solar heat is increase a lot right after 2010 and electricity is gradually excluded from heating 

purposes until 2050. District heating increases its share across the country and natural gas and oil 

are eliminated to full extend by the year 2020.  

An even sharper and more radical change is made in the transportation sector in Sweden. Clear 

decision to eliminate the use of diesel and start the substitution by year 2020 with the use of new 

forms of biofuels and electricity.  

 

Figure 49: Fuels used i transportation in Sweden (Source IVL, 2011) 

Given the fact that biofuels plants are expected to be ready in Sweden by 2030 this can be a realistic 

scenario. On top of that electric cars are discussed to be available in the market by 2030 or so, on 

the condition that the customers are prepared, the incentives are attractive and the infrastructure in 

place.  
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Investment in Future Technology 
Nevertheless, there are a couple of significant queries regarding the tomorrow’s fuels. It has been 

seen that biofuels are placed as top priority and electricity is expected  with much hope to be used in 

vehicles. However there are some fundamental aspects behind those two fuels that need to be 

discussed a bit more thoroughly.   

For instance, electricity, is still a fuel with an emission factor of 69 tonnes CO2e/GWh. This is  a high 

level of emission and unless the grid gets cleaner electricity cannot be considered as an 

environmentally friendly source.  

The plans for the future are optimistic but still vary among areas. The EU plan to clean the way 

electricity is generated by adding more renewable sources and probably preserve the levels of 

nuclear energy in the current levels. The renewables seem to be more of wind power and solar 

however there is much research going on for the field and potential of forms such as the wave 

power are monitored a well.  

Sweden in a national level has a strong share of renewables and secondarily a big share of nuclear 

(Appendix I). In the Nordic mix however there is much share of fossil despite the fact that Norway 

uses hydropower extensively and Denmark wind power. But Denmark uses coal as well to some level 

and many times there is need for additional imports from either Poland or Russia where the 

electricity is generated almost exclusively from cheap coal. This additional input of coal to the 

electricity generation makes the actual value of grid seem less clean than it  is but without the 

present ability to get cleaner.  

So much hope is place on the thing that the EU countries including Poland can switch their electricity 

production to a more benign way or attempt invest more in renewable sources within Nordic 

countries. Unless this happens the electricity will remain a less clean fuel for the City to use.  

Electric Cars 

This will obviously affect directly the use of electric cars. According to the EU measures and potential 

investments the electric cars are one step before the production line and this brings this alternative 

very close to the market. Other big economies such as USA and China have already demonstrated 

that electric cars can be used for massive production and Europe is making steps into familiarizing 

the citizens and car users with it.  

A long as Europe make it clear that users are prone to buy electric cars then the market will have an 

ideal target to focus and massive production can commence. This will bring electric cars to an 

affordable price and of competent technology.  

It can be then seen that on a long term basis it is necessary that such actions are utilized. In the 

particular example of electric cars, electric grid needs to become cleaner and electric cars need to be 

marketed correctly and with a good timing. Under those circumstances electric cars can be a part of 

the solution towards emissions reductions in the transportation sector and also the pillar for the City 

of Stockholm to reach the fossil fuel free target. 

The City on its side, though, needs to identify such potentials and quantify the risk of such attempts 

and try to invest in or attract investors for infrastructure of electric cars. This will demand substantial 

capital and long time planning plus the incentives that might be needed to be offered to passengers 
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to switch their cars to new ones. Therefore is clear enough that EU or even national policies could be 

very helpful for the City. The cost can be indeed very high for the City itself to support such 

investment or influence the potential customers to follow the desired direction.  

Biofuels 

Biofuels, on the other hand, seem more of an approachable and apt solution. The convenience is 

because the same cars that used to be fueled by diesel for instance can directly use biofuels. And 

with a small modification they can use biogas as well. On top of that, such fuels have been used the 

last years and are a safe and more tested solution than electric cars.  

There are huge investment in power plants that will generate biogas and biofuels and they are 

expected that such fuels will be extensively used soon. These plants are expected to be ready by 

2030 so quite probably the use of biofuels will be rising slowly but steadily until that period and after 

that the share will become even higher since the production will be made locally and therefore the 

availability will be higher and at a lower cost. 

However there is much of concern about the biofuels. The demand of biofuels is still at a low level of 

usage on the world’s scene. However both due the high oil price and for climatic purposes there is a 

huge potential in the biofuel’s demand.  The use is expected to rise sharply the next decades and 

although it could be thought to be a good sign of shift to cleaner mode there is much debate behind 

that. 

In case the demand increases a lot this will definitely force the price to increase as well. The price of 

goods is already in high levels and the demand just rose a bit the last period. If process increases 

more, then the price of biofuels will not be competent at all against the fuel. This will be a 

discouraging sign for all investors that have put effort to establish the biofuels as a main fuels source 

and it will be one of the cases that the signs cannot become better. 

The increment of population already puts pressure on food prices to get higher and if the land use is 

partially used for fuel generation then things can become alarming. Apart from the ethical concern 

that may cause food shortage to the developing countries in favor of western world it is that the 

prices will be unable to get lower as the demand for fuel will not be reduced easily and the 

population is increasing constantly. All these with the parameter of land area being preserved in 

fixed levels.  

Therefore, the concern for future price or availability of biofuels can be significant. The City would 

have been better evaluating the cost of investment or future alternatives in order to either revise 

the plan or reinforce the current one based on the new conditions.  

Renewable Energy Technology 

Much of research is made currently all over the world in the sector of renewable technology. The 

wind power is said to have reach its peak in terms of development and further improvements have 

to do either to the grid or to the storage side.  Solar power has shown much upgrading the last two 

decades both in terms of efficiency and cost reduction.  

Further modes of renewable energy technology are under investigation but the most attention is 

based in wave power because of the huge potential that the sea can offer. Various projects are 

running and the researchers hope to provide a marketable solution soon. 
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The City of Stockholm can indeed use all these forms of renewable energy to enhance its energy 

generation. Definitely solar cannot contribute to the same extent as wind and possibly wave but is 

still a solution which can be a share of the green sources in the City.  

Much of discussion is made in the energy community about the storage of energy as well. At some 

cases equal attention to the renewable sources is paid for the storaging and there are many reasons 

for that.  The storage of energy can primarily balance out the major disadvantage of renewable 

sources, the intermittency.  

Storage means can provide the energy when is needed no matter when the actual energy is 

generated. However the basic disadvantage of storage is the cost. The actual cost can reach at some 

cases the 50% of the investment. The storaging can be of various types, however, depending on the 

use. 

City’s around the world normally use either flywheels to counteract the grid instability or large set of 

batteries. The City of Stockholm could probably use the idea of molten salt which can be used for 

different types of renewable sources and normally in large scale. So in case the City decides to invest 

in either a wind farm or a wave harvesting method or even in a small PV farm outside the City then 

this would be a good solution to help to gather the energy from all farms together and support the 

electric needs accordingly.  

On the other hand the alternative of carbon sequestration has been a very ambiguous solution. 

However, as the time passes the defenders of such a technology are becoming less. The cost of such 

technology is high and the results short term and ambiguous. Storaging the emissions under the 

earth’s surface can have no long term benefit since such a solution would encourage the fuel use 

and thus emissions to increase with a result to end up to a process similar to land filling. Waste must 

not be covered below the surface but must  treated with a long term perspective.  

The grid development is an solution that can indeed offer much.  City cannot contribute much to it 

but it has been a concern on a national level and for all the Europe. The development of the grid can 

provide many benefits regarding the electricity transmission and the reliability of it. Lately much 

discussion has been made to set similar standards for the whole Europe. Also the upgrade to smart 

grids has been another concern, however the cost can be high and therefore funds have to be 

invested either on national or European level. 

One way or another the City needs to make full use of every single renewable technology in order to 

support the energy demand and therefore reach the target of the fossil fuel free city. The technology 

can support such a vision and the City has the ability to make use of it. 

Recommendations for future work 
The particular report has not managed to provide enough information regarding the cost and the 

risk analysis of investment. Additional work must be made in order to set up the cost of investment 

depending on the decisions and the City’s specific plan.  

The selection of the technology must be analyzed also in terms of solution optimization. There are a 

number of different alternatives that can provide the same result but in the future the conditions 

might change. For instance, as analyzed in the discussion section, a wind farm can be as clean as the 
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use of biofuels but if the food prices rise dramatically the biofuels cannot not be a profitable and 

desirable solution for the City. 

Last but not least, an important factor is the timing of investment. For example, the City may 

mitigate and get the results of fossil fuel free city, either by shifting gradually the fuel use towards 

the zero fossil or choose between the options of act in advance or act late. At all three cases there 

are both advantages and disadvantages so a clear examination of the timing and the parameter of 

cost must be made to define a wise time of action. It can be possible that investing rapidly the year 

2040 when all technology can be mature and cheaper be more economically correct, however this 

needs an extensive factor analysis. (van Vuuren & de Vries, 2001) 

Conclusion 
The City of Stockholm has shown remarkable environmental performance up until now. This 

continuous philosophy of respecting the environment in combination with the climate change has 

led the City to set even higher targets. The desire of the City to become fossil fuel free might seem 

ambitious at a first glance. Nevertheless it is a possible and demanding goal that the City needs to 

put serious effort into in order to reach.  

The energy profile of the City pictures an ideally structured City that has significant potential of 

progress. The stakeholders including the City, the companies involved and the citizens are aligned 

with the desire of improvement. The national and European targets are also in the same line in 

terms of energy consumption and emissions reduction. This makes the target more approachable 

and the future promising.  

The available technology can help support such a vision despite the high investment cost. Efficiency 

can be said to be the top priority in order to reduce energy demand. Of equal importance is a 

parallel attempt for a fuel shift from fossil fuels to cleaner ones. The fuels and the alternative 

sources of energy can help at the moment toward this direction.  However further research can offer 

more alternatives of renewable energy technology as well reduction in investment cost. 

Attention must be paid in the strategy that will be followed in the following years. There are various 

risks that need to be encountered regarding the future case in the energy field. Therefore the City of 

Stockholm should analyze those risks and invest accordingly.  

The City has always been following a long term planning and a consistent action plan. This pace has 

to be followed and to even higher level in order to manage the transition required. The vision has 

been shown that is a plausible target to reach on the condition that the relevant actions are taken. 
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Appendix I  

A. Energy Analysis 
 Energy supply to Stockholm, by fuel (Source: www.stockholm.se) 

 

Emissions in the City of Stockholm, by sector (Source: www.stockholm.se) 

 
Total (tonCO2/ca) Electricity  Transportation Heating 

1990 5.4 0.92 1.6 2.9 

2000 4.7 0.82 1.4 2.5 

2002 4.1 0.74 1.3 2.1 

2003 4.1 0.83 1.4 1.9 

2004 4.1 0.95 1.4 1.8 

2005 4 0.91 1.3 1.8 

2006 4 0.96 1.2 1.8 

2007 3.8 0.88 1.2 1.8 

2008 3.4 0.72 1.1 1.6 

2009 3.4 0.71 1.1 1.5 

 
1990 1995 2000 2002 2003 2004 2005 2006 2007 2008 

Total (GWh) 19600 22000 21900 21600 21400 23100 23300 23700 26300 24170 

Gasoline and 

diesel 
4040 4010 4270 4400 4580 5200 4710 4650 4600 4290 

Heating oil 3750 5910 3360 2930 2730 2140 1660 1660 2070 1670 

Charcoal 937 1030 1300 646 1490 2050 1900 2020 2060 1960 

Wood fuel 103 402 2330 2520 2360 1700 1600 1350 1350 1690 

Waste 513 589 1100 877 856 830 1060 1020 1020 1860 

District Heating 2050 1930 2020 2340 2040 1950 2640 2720 5280 3330 

Electricity 8110 7980 7410 7350 6570 7850 8050 7910 8090 6670 

Other 61.9 188 143 554 810 1430 1690 2370 1830 2700 
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Total power generation in Sweden, by fuel (Source: Uppgifter hämtade ifrån Nordels årliga statistik (excelblad) 
www.nordel.org) 

  2000 2001 2002 2003 2004 2005 2006 2007 

Total generation 

(TWh) 
141.8 157.7 143.4 132.6 148.8 154.7 140.3 145.1 

Nuclear power 54.8 69.2 65.6 65.5 75.0 69.5 65.0 64.3 

Coal 1.9 2.1 2.3 2.5 1.5 1.1 1 0.9 

Oil 2.8 2.5 3.4 4.0 2.2 1.4 1.2 0.8 

Peat 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.1 

Natural gas 0.5 1.0 1.2 1.3 0.8 0.7 0.9 1.2 

Others 0.0 0.3 0.5 0.7 0.6 0.6 0.6 0.9 

Hydro power 77.8 78.5 66.0 53.0 60.1 72.1 61.2 65.5 

Wind power 0.4 0.5 0.6 0.6 0.9 0.9 1.0 1.4 

Biofuel 3.6 3.7 3.8 5.0 6.8 7.4 8.2 8.7 

Waste 0.0 0.0 0.0 0.0 0.8 0.9 1.1 1.3 

Geothermal 

power 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

 

 

 

0.0 

20.0 

40.0 

60.0 

80.0 

100.0 

120.0 

140.0 

160.0 

2000 2001 2002 2003 2004 2005 2006 2007 

TW
h

 

Total power generation in Sweden by fuel 

 Waste 

 Biofuel 

 Wind power 

Hydro power 

Others  

Natural gas 

 Peat 

 Oil 

 Coal 

 Nuclear power 



iii 
 

Total power generation in Nordic, by fuel (Source: Uppgifter hämtade ifrån Nordels årliga statistik (excelblad) 
www.nordel.org) 
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Total power generation in Nordic by fuel 

Gethremal 

Waste 

Biofuels 

Wind power 

Hydropower 

Other 

Natural Gas 

Peat 

Oil 

Coal 

Nuclear 

 
2005 2006 2007 2008 

Fuels (TWh) 

    
Nuclear 91.8 87.0 86.8 83.3 

Coal 22.6 42.9 34.8 25.2 

Oil 3.2 3.1 1.5 1.8 

Peat 4.6 6.3 7.1 5.9 

Natural Gas 18.6 19.6 18.8 19.5 

Other 0.8 0.8 1.2 1.0 

Hydropower 222.2 192.4 214.5 226.0 

Wind power 8.2 8.0 9.7 10.2 

Biofuels 19.5 19.5 18.4 20.2 

Waste 3.5 4.2 4.3 4.4 

Gethremal 0.0 0.0 0.0 0.0 
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B. Baseline 2015   
(Updated data based on demographics. Initial source: Lönngren et al, 2010 and 
Fahlberg, 2007) 
 

Electricity use per sector in Stockholm, 2015 

Electricity use GWh Share 

House sector 1828 21% 

Service sector 5313 60% 

Industry 907 10% 

District Cooling 80 1% 

Rail 717 8% 

Total 8845  

 

 

Heating in Stockholm by fuel, 2015 

Heating GWh share 

District Heating 8833 87.97% 

Oil in houses and services 606 6.03% 

City gas (LPG) 214 2.13% 

Oil in industry 56 0.56% 

Electric Heating 203 2.02% 

Other 74 0.73% 

Wood 56 0.56% 

Total 10041   
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Fuel use in district heating in Stockholm, 2015 

District Heating GWh Share 

Coal 1324.9 15% 

Fossil oil  176.7 2% 

Electricity  1059.9 12% 

Household Waste  88.3 1% 

Non household waste 1766.6 20% 

Seawater  1589.9 18% 

Biofuel 2119.9 24% 

Bio oil (RME) 706.6 8% 

Total 8832.9   

 

 

 

Fuel use in transportation in Stockholm, 2015 

Transportation Million Vehicle Km 

Car gasoline E10  2665 

Car diesel  5% RME 316 

Car E85 268 

Car biogas 13 

Car hybrid 8 

Trucks  5% RME 243 

Bus diesel 11 

Bus E95 20 

Bus biogas 2 

Total 3546 
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Fuel share in Nordic power generation, 2015 

Electricity Generation (Nordic Mix) TWh share 

Hydropower 205.0 42.66% 

Wind Power 22.7 4.72% 

Nuclear 107.0 22.27% 

Heat CHP 45.2 9.42% 

Heat D.H 100.6 20.93% 

Total 480.5  

 

Fuel share in Nordic Heat production, 2015 (Industry and CHP) 

Fuel TWh Share 

Biofuel 35.6 24.42% 

Peat 9.7 6.65% 

Oil 8.5 5.83% 

Coal 48.3 33.13% 

Natural gas 43.7 29.97% 

Total 145.8  

 

Fuel share in Swedish power generation, 2015 

Electricity Generation (Swedish Mix) TWh share 

Hydropower 68.0 38.64% 

Wind Power 7.0 3.98% 

Nuclear 72 40.91% 

Heat CHP 9.0 5.11% 

Heat D.H 20.0 11.36% 

Total 176.0  
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 Fuel share in Swedish heat production, 2015 (Industry and CHP) 

Fuel TWh Share 

Biofuel 35.6 24.42% 

Peat 9.7 6.65% 

Oil 8.5 5.83% 

Coal 48.3 33.13% 

Natural gas 43.7 29.97% 

Total 145.8  
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C. Swedish Road map (Source: IVL, 2011) 

 

 Production of electricity in Sweden 

 2005 2010 2020 2030 2040 2050 

Hydropower 72 66 66 66 66 66 

Wind power 1 4 20 30 38 45 

Solar photovoltaic 0 0 4 8 16 32 

New Renewable Energy Technology 0 0 0 0 0 3 

Nuclear Power 70 63 70 50 0 0 

Electricity production at D.H. Plants 7.3 5.9 5.9 5.1 3.9 2.9 

Electricity production in Industry 4.6 6.6 5.6 4.4 3.2 1.9 
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 Energy carriers in Heating in Sweden 

 2005 2010 2020 2030 2040 2050 

District Heating 12% 12% 16% 20% 22% 24% 

Electricity (direct use) 23% 23% 17% 11% 6% 0% 

Oil 4% 4% 0% 0% 0% 0% 

Heat pumps 31% 31% 31% 31% 31% 31% 

Biofuel 31% 31% 25% 22% 19% 16% 

Natural Gas 1% 1% 0% 0% 0% 0% 

Solar heat 0% 0% 11% 16% 23% 29% 
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 Fuel Share in Transportation in Sweden 

 2005 2010 2020 2030 2040 2050 

Use of energy (TWh) 11 10 10 9 9 9 

Share of energy needed covered 

by: (%) 

      

Electricity 0% 0% 2% 10% 20% 30% 

Petrol 0% 0% 0% 0% 0% 0% 

Diesel 100% 100% 85% 70% 45% 0% 

Biofuels 0% 0% 8% 10% 5% 0% 

Gas 0% 0% 5% 10% 5% 15% 

Biofuels (FAME) 0% 0% 0% 0% 0% 0% 

Biofuels (DME) 0% 0% 0% 0% 15% 55% 
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Change in heating demand because of climate change 

 2005 2010 2020 2030 2040 2050 

Change in heating demand because of 

climate change 

0 -1.20% -3.60% -6% -8.50% -10.90% 
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Appendix II (Measures) 

 
A. Categorisation of planning and ongoing measures (Source: Lönngren et al, 
2010) 

 
Buildings 

Measure Description Total reduction by 2020 (thousands 
tonnes) 

Mitigation Area 

● Fuel 

 Efficiency

○  Emissions 

  

Electricity use in residential 
and non-residential 

buildings 

existing household and service 
el. remains unchanged per 

resident 
-16 

Lighting 
EU directive of phasing out light 

bulbs introduced 
6 

Energy efficiency 
improvement  in existing 

heating 

Heating efficiency improved by 
2-3 per mile per year 

18 

City of Stockholm buildings Energy efficiency program 27.5 

Private building developers 
Energy efficient construction 

Royal Seaport 
0.8 

Private building owners, 
various 

Energy efficiency improvements 
and low energy buildings 

6 

Conversion loan 
Loan to convert the boilers and 

speed up development 
40 /●

efficient buildings 
New standards for the 

construction and consumption 
(80 kWh/m2) etc 

12.5 

Inspection Yearly visits to owners 5 

Climate investments to 
administrations 

Additional measures 25 ○ 

  Total Reduction 
124.8 

  

  Total City emissions (Reference) 
3059 

  

  Emissions (5.9% of total) 180.5   

  Percent of reduction by 
measures** 

69% 
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Heat and Power 
Measure Description Total reduction by 2020 

(thousands tonnes) 
Mitigation Area 

● Fuel 
 Efficiency
○  Emissions 

  

District Heating 
New city areas developed and 

connected 
-17 /●

District Heating More buildings connected -18 /●

District heating Mix 
Mixture gives considerably 

lower emissions 
151 /●

Gas Leakage 
Transition from naphtha to 
natural gas (decrease the 

network of city gas) 
11 ● 

Oil and electricity for heating 
Conversion of oil and 

electricity to natural gas 
38 ● 

City gas use 
naphtha replaced with 

natural gas 
50 ● 

Fortum 
Renewable fuels instead of 

coal 
235 ● 

Fortum District heating expansion 6.7 ● 

RES instead of Coal 
 

235 ● 

CCS Long term storage of CO2 660 ○ 

  Total Reduction 1330   
  Total City emissions 

(Reference) 
3059   

  Emissions (64% of total) 1959   

  Percent of reduction by 
measures** 

68%   
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Transportation Measures 
Measure Description Total 

reduction by 
2020 

 (thousands 
tonnes) 

  
  
  

Mitigation Area 

●  Fuel 

 Efficiency

○  Emissions 

  

Car pool Creation of car pools and parking 12.8 ● 

Alternatives to car travel Marketing of alternatives 13.8 ● 

               More bus lanes and Cycle 
zones 

Additional use of busses and bikes and street 
side parking is reduced. Additionally multi-

storey parking would be used. 

12.8 /●

More efficient travel choice Raise parking fees to force use public 
transport 

6.4 /●

Extended bus traffic "Increased public travel" and "marketing" 
measure combination 

12 /●

Rail traffic investment extended rail traffic 25 /●

Efficient corporate travel More efficient corporate travel 10.1 

Higher level of freight vehicle 
loading 

Route optimisation and distribution centres 20 

Increased low blend of biofuels   26 ● 

Climate tax Similar to congestion tax and adjusted to 
emissions 

76.8 ○ 

Environmental zones City access denial 38.4 ○ 

Electric car procurement Massive purchase of 1000 cars 3 ● 

Electric cars- parking Charging poles tp special car parks. (it could 
also be a form of public transport) 

3.2 ● 

Increased biogas production Already included in the scenario of biogas 
substitution for fossil fuel 

7.2 ● 

  Total Reduction 267.5   

        

  Total City emissions (Reference) 3059   

  Transport emissions (30% of total) 919.5   

  Percent of reduction by measures 29%   

 

 

 

 

 

 

 

 

 



iv 
 

B. Evaluation of conceivable measures (Source: Lönngren et al, 2010) 

Potential of conceivable measures, Efficient travel and transportation  

Measure Total potential 
(Thousand tonnes) 

Transport sector total emissions according to Reference scenario 937 

Carbon dioxide reduction from planned and ongoing measures by 2015 -1.2 

Further potential 2010-2015 -67 

Further potential 2015 - 2020 -36 

 

Potential of conceivable measures, Efficient vehicle fleet  

Measure 
 

Total potential 
(Thousand tonnes) 

Transport sector total emissions according to Reference scenario 937 
Carbon dioxide reduction from planned and ongoing measures by 2015 -9.8 

Further potential 2010-2015 -50 
Further potential 2015 - 2020 -75 

 

Potential of conceivable measures, Efficient Buildings  

Summing Table for  Energy efficient buildings 2010-2020 Total potential 
Thousand tonnes 

Total emissions according to Reference scenario 1463 

Carbon dioxide reduction from planned and ongoing measures by 2015 -34.3 

Further potential 2010-2015 -200 

Further potential 2015 - 2020 -100 

 

Potential of conceivable measures, Power and Heat  

Summing Table for  Power and Heat 2010-2020 Total potential 
Thousand tonnes 

Total emissions according to Reference scenario (from DH production) 761 

Carbon dioxide reduction from planned and ongoing measures by 2015 -241.7 

Further potential 2010-2015 -265 

Further potential 2015 - 2020 -660 
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Evaluation of measures in Power Sector  

Measure Cost Effectiveness Right of disposition 

Increase the number of renewable energy 3 3 1 

Develop production and distribution of cooling 3 2 2 

Better use of heating in CHP and use of waste and 
biomass 

2 3 3 

Build intelligent and robust electric network 3 3 1 

Building infrastructure (storage and disposition) for 
biogas 

3 2 2 

Higher use of available waste in the region 3 3 2 

Reduce the proportion of fossil fuels & phase out 
of coal 

2 3 2 

Heating pumps to be phased gradually from D.H.  2 2 3 

Use of wind power for energy production  2 1 2 

Expansion of D.H. 3 2 3 

CCS 3 2 1 

 

Evaluation measures in Building Sector  

Measure Cost Effectiveness Right of disposition 

Renovation & Energy efficiency the existing 
building stock 

3 3 3 

Reduce energy use by new passive or low energy 
houses 

3 3 2 

More efficient operations in the houses lighting, 
ventilation 

1 3 3 

Phase out oil and direct electricity for direct 
heating 

3 2 2 

Self-production of energy and thermal energy 
storage 

2 1 2 

Clear price signals and visualisation of energy 
efficiency 

3 2 2 

Energy efficient urban planning  3 2 2 

Conversion loan 1 3 3 

Inspection  1 3 3 

Climate investments to administrations 1 2 3 
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Evaluation of measures in Transport Sector  

Measure Cost Effectiveness Right of disposition 

Affect demand for travel 3 3 1 
Increasing public interest (communication 
projects) 

1 1 2 

Conversion of vehicle fleet (cleaner, more 
efficient  and electric) 

3 3 1 

Availability of renewable fuels and 
electricity in charging stations 

3 3 2 

Congestion tax Private 
owners 

3 3 

Cycle promotion 1 2 3 
Car pool 1 3 3 
Alternatives to car travel 1 2 3 
More bus lanes and Cycle zones 3 1 3 
More efficient travel choice 2 3 3 
Extended bus traffic 2 3 1 
Rail traffic investment 3 2 1 
Efficient corporate travel 1 3 3 
Higher level of freight vehicle loading Private 

companies 
3 1 

Increased low blend of biofuel Uncertain 3 1 

Climate tax 1 3 1 
Environmental zones 1 1 1 
Electric car procurement Private 

owners 
2 3 

Electric cars- parking Revenues 
from 

parking 
decreases 

2 1 

Increased biogas production 1 2 3 
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C. Calculations and values regarding transportation sector 

Calculation of energy intensities 

    petrol  biogas  ethanol  

Car Fuel Economy liter/veh-km 0.088  0.01  0.12  

 Load Factor pass-km/veh-
km 

2.1  2.1  2.1  

 Energy 
Intensity 

 0.042 liters/pass-
km 

0.0047 m3/pass-
km 

0.057 liters/pass-
km 

   petrol  biogas  ethanol  

Bus Bus Fuel 
Economy 

liter/veh-km 0.4  0.1  0.8  

 Load Factor pass-km/veh-
km 

40  40  40  

 Energy 
Intensity 

 0.01 liters/pass-
km 

0.0025 m3/pass-
km 

0.02 liters/pass-
km 

Train Train Fuel 
Economy 

kWh/veh-km 600 kWh/km     

 Load Factor pass-km/veh-
km 

146.3      

 Energy 
Intensity 

 4.101162 kWh/pass-
km 

    

 

Calculation of passenger - km 

Car Use mil. vehicle -km 3270  

Load Factor passenger - km/vehicle km 2.1  

 Total 6867 Car Pass-km 

Bus Use mil. vehicle -km 33.1276  

Load Factor passenger - km/vehicle km 40  

 Total 1325.104 Bus Pass-km 

Train Use mil. vehicle-km 1.1  

Load Factor passenger - km/vehicle km 146.3  

 Total 160.93 Train Pass-km 

 

Fuel consumption (Source: Fahlberg, 2007) 

Fuel Consumption 

cars 
petrol 0.088 l/km 
biogas 0.01 m3/km 

ethanol 0.12 l/km 

busses 
petrol 0.4 l/km 
biogas 0.1 m3/km 

ethanol 0.8 l/km 
rail electricity 600 kWh/km 

 


