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Abstract 

Sweden has the goal to reduce greenhouse gas emissions without increasing emissions 

abroad. This study uses consumption-based emissions data from the PRINCE-project to show 

where emissions from Swedish consumption take place and how large the share of fossil fuel 

emissions is. Scenarios are made to compare the emission reductions from reducing the use of 

fossil fuels to the potential for emission reductions by changes in consumption patterns for 

three main consumption groups, food, buildings & construction, and transport. These three 

consumption groups represent 67 % of the Swedish consumption-based emissions. The results 

show that Sweden has limited though still significant impact on consumption-based emissions 

since most emissions take place outside Sweden. For the three main consumption groups, it is 

shown that changing consumption patterns has the same potential for reducing the emissions 

than completely ending the use of fossil fuels in Sweden. Large differences exist between the 

consumption groups. Ending the use of fossil fuels in Sweden would reduce emissions from 

food by 21 %, from buildings & construction by 50 % and from transport by 27 %. It can be 

concluded that if Sweden wants to lower their emissions from consumption, it is important to 

take measures at both national and international level. Focusing on both reducing fossil fuel 

use as well as changes in consumption patterns prove to be equally important and should be 

taken simultaneously to achieve the largest and fastest emissions reductions. 

Keywords: Consumption-based emissions, Sweden, emission scenarios  
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1 Introduction 

It is estimated that anthropogenic effects, so far, caused around 1° - 1.1°C of global warming 

compared to pre-industrial levels (IPCC, 2018; UNEP, 2019). Across Europe, the temperature 

increase is almost 2°C since the second half of the 19th century. The last five year average 

global temperature, from 2014 to 2018, is the highest on record (ECMWF, 2019). At the 

current pace of 0.2°C per decade, it is likely that 1.5°C of global warming is reached between 

2030 and 2052 (IPCC, 2018). In the Paris Agreement of 2015, the signing countries agreed to 

take appropriate actions to keep global warming below 2°C above pre-industrial levels and to 

pursue limiting global warming to 1.5°C. Based on the global temperature targets set out in 

the Paris Agreement, each country develops nationally determined contributions (NDCs) that 

embody the efforts to reduce national emissions and adapt to the impacts of climate change 

(UNFCCC, 2019). 

1.1 Sweden’s climate and emission goals 

Next to the NDCs that Sweden commits itself to in the Paris Agreement, Sweden also has its 

own climate and emission targets. For this, the Swedish Government introduced the 

“environmental objectives system” that consists of three parts: the generational goal, the 

national environmental objectives, and the milestone targets. With its generational goal, set in 

2010, Sweden sets the overall objective of environmental policy to “hand over to the next 

generation a society in which the major environmental problems have been solved, without 

increasing environmental and health problems outside Sweden” (Naturvårdsverket, 2018). 

With this, the Swedish Government intends to guide environmental actions taken on every 

level of society towards achieving a clean and healthy environment. It connects environmental 

efforts on recovery of ecosystems, conserving biodiversity and the natural and cultural 

environment, good human health, efficient material cycles free from dangerous substances, 

sustainable use of natural resources, efficient energy use, and patterns of consumption. The 16 

national environmental quality objectives cover different areas such as unpolluted air and 

lakes free from eutrophication and acidification, to functioning forest and farmland 

ecosystems. For each of the 16 objectives, there are specifications regarding the desired 

environmental state. The climate change objective is defined as follows: "In accordance with 

the UN Framework Convention on Climate Change, concentrations of greenhouse gases in 

the atmosphere must be stabilised at a level that will prevent dangerous anthropogenic 

interference with the climate system. This goal must be achieved in such a way and at such a 

pace that biological diversity is preserved, food production is assured, and other goals of 

sustainable development are not jeopardised. Sweden, together with other countries, must 

assume responsibility for achieving this global objective" (Naturvårdsverket, 2018, p. 9). The 

third part of the environmental objectives system are the milestone targets. They identify the 

desired social changes and the steps that need to be taken to achieve the generational goals 

within the timeline that is set out. The milestone targets cover five areas: reduced climate 

impact, air pollution, biodiversity, dangerous substances, sustainable urban development, and 



 

 

2 

 

waste. For reduced climate impact, the milestones are (Naturvårdsverket, 2019a, p. 1) 

(Naturvårdsverket, 2019c, p. 1): 

• 40 % less emissions by 2020 compared to 1990 (activities outside EU ETS) 

• 63 % less emissions by 2030, 70 % less emissions from domestic transport (excluding 

domestic aviation since it is in the EU ETS)  

• 75 % less emissions by 2040 

• 85 % less emissions by 2045, zero net emissions of GHGs 

• Negative emissions after 2045 

In 2017, Sweden has adopted a Climate Act and the Climate Policy Framework in their efforts 

to achieve the goal of reaching net-zero emissions by 2045 and net negative emissions after 

that. The Climate Policy Framework is meant to provide long term climate policy that is clear 

and coherent towards the market and other stakeholders. The Climate Policy Framework 

contains a Climate Act, climate targets and a climate policy council. The Climate Act states 

that the government’s climate policies must be based on the climate targets and the 

government shall present a climate report in the yearly Budget Bill, make a climate policy 

action plan, every four years, that describes how the climate targets shall be achieved and 

assure the climate policy goals and budget policy goals work together. The climate policy 

council is an interdisciplinary expert body that oversees that the Government’s policies are 

compatible with the national climate targets. The council makes a yearly progress report with 

the current emission trends and the work that has been done to address climate change 

(Naturvårdsverket, 2019a). Supplementary measures like increased carbon uptake in forests, 

verified emission reductions outside Swedish borders and carbon capture and storage based 

on biomass combustion (bio-CCS) can be used to achieve the national goal of net-zero 

emissions (Naturvårdsverket, 2019a). The currently decided and planned policy instruments 

are insufficient to achieve the reduced climate impact objective stated in the 16 environmental 

objectives (Naturvårdsverket, 2019b). 

1.2 Emissions accounting 

Keeping track of current emissions and the progress towards the goals that are set by the 

Swedish Government, the European Union or in agreements like the Paris Agreement, needs a 

well-structured and uniform emissions accounting system. This is also necessary for 

developing and implementing climate mitigation policies (Chen et al., 2018). There are two 

main types of national emissions accounting, production-based and consumption-based 

accounting, each has its own purpose, boundaries and accompanying strengths and 

weaknesses.  

1.2.1 Production-based emissions accounting 

Production-based, also called, territorial-based emissions accounting includes greenhouse gas 

(GHG) emissions and uptakes that take place within the national territory, including offshore 

areas over which the country has jurisdiction. Emissions from international shipping and air 

transport are not included in the national accounts, they are reported separately in reporting to 
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the IPCC. Emissions from road transport and fishing activities are assigned to the country 

where the fuel was sold (IPCC, 2006). Production-based emissions accounting is used in the 

national inventories, international treaties and in reporting to the United Nations Framework 

Convention on Climate Change (UNFCCC). Reporting to the Intergovernmental Panel on 

Climate Change (IPCC) Guidelines for National Greenhouse Gas Inventories is also done 

using these according these emissions accounting principles. High income countries such as 

Sweden import more than thirty percent of all consumed products. This adds up to more than 

four tonnes of CO2 per capita that is not accounted for when using production-based 

emissions accounting methods (Davis & Caldeira, 2010). In reporting under the Kyoto 

protocol, emissions from international aviation and international shipping also aren’t allocated 

to any country (Larsson, Kamb, Nässén, & Åkerman, 2018). Using the production-based 

emissions accounting method, Sweden could theoretically lower their emissions by importing 

more. Thereby moving emissions caused by consumption in Sweden to other countries. If 

emissions in one country grow because of production or consumption in another, it is called a 

spillover effect (Moran, Wood, & Rodrigues, 2017). These spillovers would be contrary to 

their goal of not increasing environmental and health problems outside Sweden. Keeping in 

mind that the technologies in developing countries are often less efficient and there is less 

regulation regarding emissions, the total emissions can be even higher because of this. This 

effect of displaced emissions is called carbon leakage (Franzen & Mader, 2018). Another 

effect is that national measures to curb emissions are not effective because the source of the 

emissions lies out of control of the Swedish Government. Referring to the emission reduction 

targets that Sweden has set for itself, including the condition of not causing extra emissions 

elsewhere in the world, it can be concluded that territorial- i.e. production-based emissions 

accounting is not sufficient (Moran et al., 2017). 

1.2.2 Consumption-based emissions accounting 

Consumption-based emissions accounting allocates the emissions to the geographic area 

where the goods and services are finally consumed. In consumption-based accounting, the 

emissions caused by the production of goods and services that originate in other countries are 

included in the emissions of the country where the final consumption takes place. Emissions 

embodied in products and services that are exported are subtracted. This accounting method 

visualizes the actual emissions that are caused by consumption in a geographic region, instead 

of merely accounting emissions occurring in that region. Consumption-based CO2 emissions 

accounting includes the spillover effects of carbon intensive production moving, often to less 

regulated countries with more carbon intensive energy production (Franzen & Mader, 2018). 

To establish efficient policies that steer the Swedish society towards zero net emissions 

without increasing emissions abroad, hidden emissions due to import must be included. 

1.2.3 Previous work 

The PRINCE project was organised, set up by the Swedish statistics bureau in collaboration 

with several Swedish and non-Swedish universities, to provide a framework for calculating 
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the environmental impact due to Swedish consumption. This resulted in detailed emissions 

data, that is used in this study. The products and services, consumed in Sweden, that cause the 

largest emissions and the geographical spread of the emissions are identified in Fauré et. al 

(2019). Further work has been done by Fauré, Finnveden and Gunnarsson-Östling (2019), 

scenarios were created wherein Sweden achieves a low-carbon society in 2050. 

1.3 Purpose 

This report can support decisionmakers in developing long-term strategies for lowering GHG 

emissions from Swedish consumption. It can show which changes in consumption patterns 

achieve the highest emissions reductions. 

1.4 Objectives 

In this study, scenarios will be developed that show how ending the use of fossil fuels has an 

impact on Swedish consumption-based emissions, and this for all main consumption groups. 

The effects of ending the use of fossil fuels will also be compared to changes in consumption 

behaviour for three important consumption categories being food, buildings & construction, 

transport. 

1.4.1 Scope 

This study is limited to emissions from Swedish consumption and is based on emissions data 

of the years 2008 – 2014.  

2 Materials and methods 

2.1 Consumption-based emissions data 

Swedish consumption-based emissions were extracted from the PRINCE database and are 

presented in result section 1 (3.1). The PRINCE model was constructed according a 

framework that was developed for the Swedish Environmental Protection Agency and the 

Swedish Agency for Marine and Water Management. It was developed to provide Policy-

Relevant Indicators for National Consumption and Environment (PRINCE). PRINCE is a 

hybrid model that combines a global environmentally extended multi-regional input-output 

model (EE-MRIO) shown in Figure 1, with the detailed Swedish national environmental 

accounts. The Swedish Standard Industrial Classification (SNI), based on the industry 

standard classification system used by the European Union, NACE Rev.2, is primarily an 

activity classification system. Production units, such as companies and local units, are 

classified based on the type of activity carried out at the unit. A company or local unit can 

encompass several different types of activities (SNI codes). A list with the SNI codes can be 

found in 0. To model emissions caused by imported products, the financial import data is 

coupled to the Environmentally Extended Multi-Regional Input-Output (EE-MRIO) 

EXIOBASE. Multipliers describe the environmental impact of imported goods and services 

per product group and per country/region. The imported monetary value of each product 
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group is then multiplied by the environmental impact or emissions per monetary value to 

become the total environmental impact/emissions for that imported product group. 

Calculating emissions from Swedish consumption can be simplified to: 

Domestic emissions = (emission intensity domestically produced goods * quantity used for 

domestic consumption) + direct household emissions 

Environmental impact from imported products: 

Emissions abroad due to SE consumption = emission intensity goods country X * quantity 

used for domestic consumption 

Quantity of goods used for domestic consumption = total import - total export 

 

Figure 1: Schematic image of an environmentally-extended input-output model, reproduced based on (Steinbach 

et al., 2018) 

2.2 Consumption groups and consumer categories 

The PRINCE database uses the SNI product classification that comprises fifty different 

product categories. The SNI consumption categories were divided into consumption groups. 

Food, Buildings & construction, transport and clothing consumption were grouped according 

the classification used in (Fauré, Finnveden, et al., 2019). All other consumption groups are 

compiled at own discretion, according the name of the SNI code. The composition of the 

consumption groups can be found in Appendix C. The database contains data on three 

consumption categories: consumption by households, governments and by capital formation 

but in this study, no distinction is made between final consumer categories since this is of less 

importance when showing overall emissions scenarios. 

To calculate the emissions per capita, the absolute emissions are divided by the corresponding 

population number of those years as found in the national statistics (SCB, 2019). 
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2.3 Scenarios 

For each of the consumption groups there are three basic scenarios of which the impact on 

Swedish consumption-based emissions will be assessed. The three scenarios are: Sweden 

becomes fossil-free, Europe (EU includes Switzerland & Norway in this study) becomes 

fossil-free and the whole world becomes fossil free. For consumption of food, buildings & 

construction and transport more scenarios have been made. These are described in more detail 

in sections 2.3.2, 2.3.3 and 2.3.4. The results are presented in a cumulative manner. This 

means that the scenarios amplify each other instead of merely showing the effect of a single 

scenario. 

2.3.1 Energy mix 

Energy provided by fossil fuels will have to be replaced by energy from renewable sources. A 

mix of renewable energy technologies will be used, depending on the application and sector. 

The technologies that supply renewable electricity differ per region, depending on the 

availability (Figure 2). For Sweden, the wind power focused 100 % renewable electricity 

scenario from the Swedish Energy Agency (2019) is used to determine the electricity mix, 

except for the 8 % electricity from biomass in that scenario which is divided over the other 

renewable technologies . The electricity mixes for Europe and the rest of the world are based 

on scenarios made by Haller, Ludig, Bauer (2012), Solar power Europe and LUT University 

(2020), and Pleßmann, Blechinger (2016). The emission factors of each mix can be found in 

appendix A. 

Electricity mix Sweden Electricity mix Europe Electricity mix RoW 

   

Figure 2: Electricity mix per region, in share of generated electricity 

 Solar PV Onshore wind  Offshore wind  Hydro 

2.3.2 Food consumption emission scenarios 

There are 5 food scenarios, each having several sub-scenarios. In all scenarios where fossil 

fuels are removed, fossil-based energy inputs are replaced by 50 % energy from renewable 

electricity and 50 % from biofuel. The emissions relating to renewable electricity are 

calculated according the region-specific emissions for electricity that are mentioned in the 

electricity scenarios. The scenarios with 50 lower consumption of animal products and the 

100 % plant-based scenario lower the methane emissions by respectively 50 % and 100 % 

50%

6%
5%

39%
45%

3%

48%

4%
15%

3%

69%

3%
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assuming animal husbandry causes all methane emissions in Swedish and European 

agriculture (Milne et al., 2014). Methane emissions from agricultural products coming from 

outside Europe are lowered by respectively 40 % and 80 % because methane emissions from 

enteric fermentation are assumed to cause approximately 80 % of the methane emissions from 

agriculture worldwide, with the rest being caused by rice production (FAO, 2014). N2O 

emissions are not taken into account in this study, but these are significant. The degree to 

which they are caused by animal husbandry is much lower since most of the N2O emissions 

come from soils and heavily associated with the use of synthetic fertilizers and animal manure 

for soil fertilization (Smith et al., 2007). In the 32.5 % more efficient scenario it is assumed 

that a combination of reductions in food waste and higher yields together with improved 

efficiency in production methods will cause the production to lower by 32.5 %. To what 

extent the individual factors contribute to the efficiency gains is not decided. The combination 

scenario combines the 100 % plant-based and the 32.5 % higher efficiency scenarios, in each 

of the fossil fuel reduction scenarios. 

Table 1: Food consumption scenarios. Fossil reduction scenarios and consumption pattern scenarios are  

1a 

Fossil fuel use as normal 

50 % lower consumption of 

animal products 

- Food consumption related methane emissions are removed 

o 50 % of methane emissions in SE and EU 

o 40 % of methane emissions in the rest of the world 

1b 
Fossil fuel use as normal 

100 % plant-based diet 

- Food consumption related methane emissions are removed 

o 100 % of methane emissions in SE and EU 

o 80 % of methane emissions in the rest of the world 

1c 
Fossil fuel use as normal 

32.5% higher efficiency  
- Overall emissions are lowered by 32.5 % 

1d Combination - Scenarios 1b and 1c are combined 

2a 
Sweden is fossil free 

No dietary changes 

- Swedish fossil CO2 emissions from the food consumption group are removed 

- 50 % of the fossil fuel-derived energy use is replaced by the Swedish 

electricity mix and related emissions 

- 50 % of the fossil fuel-derived energy use is replaced by biofuel and related 

emissions 

2b 

Sweden is fossil free 

50 % lower consumption of 

animal products 

- Scenario 2a 

- Food consumption related methane emissions are removed 

o 50 % of methane emissions in SE and EU 

o 40 % of methane emissions in the rest of the world 

2c 
Sweden is fossil free 

100 % plant-based diet 

- Scenario 2a 

- Food consumption related methane emissions are removed 

o 100 % of methane emissions in SE and EU 

o 80 % of methane emissions in the rest of the world 

2d 
Sweden is fossil free 

32.5 % higher efficiency  

- Scenario 2a 

- Overall emissions are lowered by 32.5 % 

2d Combination 

- Scenario 2a 

- 100 % plant-based 

- 32.5 % higher efficiency 
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3a 
The EU is fossil free 

No dietary changes 

- All fossil CO2 emissions in Sweden and the EU, from the food consumption 

group are removed 

- 50 % of the fossil fuel-derived energy use is replaced by electricity mix and 

related emissions 

- 50 % of the fossil fuel-derived energy use is replaced by biofuel and related 

emissions 

3b 

The EU is fossil free 

50 % lower consumption of 

animal products 

- Scenario 3a 

- Food consumption related methane emissions are removed 

o 50 % of methane emissions in SE and EU 

o 40 % of methane emissions in the rest of the world 

3c 
The EU is fossil free 

100 % plant-based diet 

- Scenario 3a 

- Food consumption related methane emissions are removed 

o 100 % of methane emissions in SE and EU 

o 80 % of methane emissions in the rest of the world 

3d 
The EU is fossil free 

32.5 % higher efficiency  

- Scenario 3a 

- Overall emissions are lowered by 32.5 % 

3d Combination 

- Scenario 3a 

- 100 % plant-based 

- 32.5 % higher efficiency 

4a 
World is fossil free 

No dietary changes 

- All fossil CO2 emissions related to food consumption in Sweden are 

removed 

- 50 % of the fossil- and biofuel-derived energy use is replaced by electricity 

mix and related emissions 

- 50 % of the fossil- and biofuel-derived energy use is replaced by biofuel and 

related emissions 

4b 

World is fossil free 

50 % lower consumption of 

animal products 

- Food consumption related methane emissions are removed 

o 50 % of methane emissions in SE and EU 

o 40 % of methane emissions in the rest of the world 

4b 
World is fossil free 

100 % plant-based diet 

- Scenario 4a 

- Food consumption related methane emissions are removed 

o 100 % of methane emissions in SE and EU 

o 80 % of methane emissions in the rest of the world 

4c 
World is fossil free 

32.5 % higher efficiency  

- Scenario 4a 

- Overall emissions are lowered by 32.5 % 

4d Combination 

- Scenario 4a 

- 100 % plant-based 

- 32.5 % higher efficiency 

 

2.3.3 Buildings & construction 

The building & construction scenarios follow the same main structure where the separate and 

cumulative impact of consumption pattern changes and eliminating the use of fossil fuels in 

Sweden, the EU and the rest of the world is modelled. For each of the three scenarios an 

additional scenario is made to model the effect of reducing the use-phase energy demand of 

buildings by 50 percent, and one that models a reduction of the total energy demand (use-
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phase + emissions embodied in materials). This assumption is based on a continuation of 

efforts to further improve beyond the energy efficiency targets the EU has set for achieving 

32.5 percent efficiency gains by the year 2030 (European Commission, 2018). Heat pumps 

can contribute to lower energy use for heating. Changes in building materials (e.g. wooden 

instead of concrete building frames) and innovation is assumed to provide lower emissions 

from materials (e.g. fossil free steel and cement) (European Commission, 2019b; Nässén, 

Hedenus, Karlsson, & Holmberg, 2012). It is assumed that all emissions are caused by energy. 

All fossil energy will be replaced by the scenario electricity mix of the region where the 

energy is used. 

Table 2: Building & construction scenarios 

1a 

Fossil fuel use as normal 

50 % lower energy need use 

phase buildings 

- The energy use allocated to direct heating, electricity, gas, and heat is 

lowered by 50 % and replaced by SE electricity mix and related emissions 

1b 

Fossil fuel use as normal 

50 % overall efficiency 

improvement (materials + 

use phase) 

- 50 % of the fossil CO2 and CO2-eq methane emissions are removed, half of 

the fossil-based energy is replaced by electricity  

2a Sweden is fossil free 

- All fossil CO2 and CO2-eq emissions from methane that take place in 

Sweden are removed 

- The energy use is completely replaced by electricity mix and related 

emissions 

2b 

Sweden is fossil free 

50 % lower energy need use 

phase buildings 

- Scenario 2a 

- The energy use allocated to direct heating, electricity, gas, and heat is 

lowered by 50 % 

2c 

Sweden is fossil free  

50 % overall efficiency 

improvement (materials + 

use phase) 

- Scenario 2a 

- Overall energy use is lowered by 50 %, this includes all energy used for the 

buildings and construction sector in Sweden 

3a The EU is fossil free 

- All fossil CO2 and CO2-eq emissions from methane that take place in 

Sweden and the EU are removed 

- The energy use is completely replaced by electricity of the Sweden/EU mix 

and related emissions 

3b 

The EU is fossil free 

50 % lower energy need use 

phase buildings 

- Scenario 3a 

- The energy use allocated to direct heating, electricity, gas, and heat is 

lowered by 50 % 

3c 

50 % overall efficiency 

improvement (materials + 

use phase) 

- Scenario 3a 

- Overall energy use is lowered by 50 %, this includes all energy used for 

buildings and construction sectors in Sweden. 

4a World is fossil free 

- All fossil CO2 and CO2-eq emissions from methane are removed 

- The energy use is completely replaced by electricity of the 

Sweden/EU/RoW mix and related emissions 

4b World is fossil free - Scenario 4a 
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50 % lower energy need 

buildings 

- The energy use allocated to direct heating, electricity, gas, and heat is 

lowered by 50 % 

4c 

50 % overall efficiency 

improvement (materials + 

use phase) 

- Scenario 4a 

- Overall energy use is lowered by 50 %, this includes all energy used for 

buildings and construction sectors in Sweden 

 

2.3.4 Transport 

All road vehicles switch to battery-electric vehicles (BEV) in the transport scenarios. 

Transport over water and via air switch to biofuels. The three main scenarios eliminate the use 

of fossil fuels subsequently in Sweden, the EU, and the whole world. Two scenarios that show 

the impact of consumption behaviour changes on emissions are included: A reduction of road 

transport by 20 percent and completely stopping the use of domestic air transport. In both 

cases, the transport is moved to transport by train so that there is no reduction in the amount 

of transported goods and persons, only a switch in modes of transport. 

Table 3: Transport scenarios 

1a 
Fossil fuel use as normal 

20 % less road transport 
- 20 % of all motorized road transport in Sweden is moved to transport by train 

1b 
Fossil fuel use as normal 

No domestic air travel 
- All domestic air transport in Sweden is replaced by transport by train 

2a Sweden is fossil free 

- All road transport switches to BEV 

- Water transport switches to biofuel 

- Air transport switches to biofuel 

2b 
Sweden is fossil free 

20 % less road transport 

- Scenario 2a 

- 20 % of all motorized road transport in Sweden is moved to transport by train 

2c 
Sweden is fossil free 

No domestic air travel 

- Scenario 2a 

- All domestic air transport in Sweden is replaced by transport by train 

3a Europe is fossil free 

- Scenario 2a 

- The European supply chain is electrified and runs on the EU scenario electricity 

mix 

3b 

Europe is fossil free  

20 % less road transport 

in SE 

- Scenario 3a 

- 20 % of all motorized road transport in Sweden is moved to transport by train 

3c 

Europe is fossil free  

No domestic air travel in 

SE 

- Scenario 3a 

- All domestic air travel in Sweden is moved to transport by train 

4a World is fossil free 

- Scenario 3a 

- The global supply chain is electrified and runs on the RoW scenario electricity 

mix 
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4b 

World is fossil free  

20 % less road transport 

in SE 

- Scenario 4a 

- 20 % of all motorized road transport in Sweden is moved to transport by train 

4c 

World is fossil free  

No domestic air travel in 

SE 

- Scenario 4a 

- All domestic air travel in Sweden is moved to transport by train 

 

2.3.5 Public services 

The public services group comprises educational, social care, health care and public services 

as well as defence activities. The main scenario structure is used where all fossil emissions 

related to the activities are removed and replaced by emissions related to producing the 

renewable electricity that is needed to replace the fossil energy. First for Sweden, then the rest 

of the European Union and as last the scenario where the whole world made the switch to 

renewable energy. An exception is made for the defence and public services where the fossil 

energy used in Sweden is replaced by biofuel-based energy and accompanying emissions. The 

reasoning behind this is that direct fuel use of the military is included in these emissions and 

that this might be difficult to replace by electricity. 

Table 4: Public services scenarios 

1. Sweden is fossil free 

- All activities except defence and public services are electrified, the energy 

delivered by fossil fuels is replaced by electricity from the Swedish electricity 

mix 

- Fossil energy used in Sweden, for defence and public services, is replaced by 

energy from biofuels 

2. Europe is fossil free 

- All fossil fuel emissions that are emitted in the rest of Europe* because of the 

supply of goods for the public services group are removed 

- The fossil-based energy is replaced by electric energy with according emissions 

3. World is fossil free 

- All fossil fuel emissions that are emitted because of the supply of goods for the 

public services group are removed 

- The fossil-based energy is replaced by electric energy with according emissions 
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2.3.6 Clothing 

In the product group clothing, only manufacturing and processing of clothes and fabrics is 

included because trade activities like retail are included in other categories. The basic scenario 

structure is followed where Sweden, the EU and the rest of the world become fossil free. 

Table 5: Clothing scenarios 

1. 
Sweden becomes fossil 

free 

- All Swedish-based fossil emissions are removed 

- Fossil energy is replaced by electric energy and according emissions 

2. EU becomes fossil free 
- All EU-based fossil emissions are removed 

- Fossil energy is replaced by electric energy and according emissions 

3. RoW becomes fossil free 
- All RoW-based fossil emissions are removed 

- Fossil energy is replaced by electric energy and according emissions 

 

2.3.7 Steel, metal, and machinery activities 

All steel production and processing activities are assumed to be electrified. This is not yet 

possible at commercial scale though is expected to be commercialised by the year 2030 

(European Commission, 2018).  

2.3.8 Petroleum, plastic, and chemical activities 

Since these categories only comprise the production of refined petroleum products, plastics, 

and chemical products it is assumed that these will still take place when fossil fuels are not 

used anymore but with non-fossil raw materials. For the scenarios, this means that all fossil 

emissions will be removed. The fossil energy input will be replaced by the renewable 

electricity mix and emissions relative to the region the emissions are taking place in. 

Table 6: scenarios petroleum, plastic, and chemical products 

1. 
Sweden becomes fossil 

free 

- All Swedish-based fossil emissions are removed 

- Fossil energy is replaced by electric energy and according emissions 

2. EU becomes fossil free 
- All EU-based fossil emissions are removed 

- Fossil energy is replaced by electric energy and according emissions 

3. RoW becomes fossil free 
- All RoW-based fossil emissions are removed 

- Fossil energy is replaced by electric energy and according emissions 
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2.3.9 Electronics, IT & communications, cultural, sports and religious activities 

These consumption groups do not have any specific scenario characteristics. They all follow 

the basic three scenario modes with Sweden, the EU and the whole world becoming fossil 

free. All fossil energy inputs are assumed to be replaced by electricity. 

3 Results 

The baseline emissions, extracted from the PRINCE database are presented in section 3.1 and 

3.2. In 3.1 the total emissions and the region of origin of the emissions are presented. Section 

3.2 shows the 2008 – 2014 average share of fossil CO2 in total greenhouse gas emissions, for 

the main consumption groups and per region of origin. In 3.3 to 3.6 the results of the 

modelling approach are presented. 

3.1 Consumption-based greenhouse gas emissions per capita in Sweden 

Yearly average per capita greenhouse gas emissions from Swedish consumption between 

2008 and 2014 are 11.67 tonnes carbon dioxide equivalents. A noticeable dip in emissions 

found place in 2009 but emissions quickly returned to the same level in 2010, rising further to 

a peak of 13.06 t per capita in 2011. Since the peak in 2011, emissions have declined to 10.38 

t per person in 2014. The fossil share of emissions is illustrated as the black line in Figure 3. 

Food accounts for 12% of emissions, buildings for 36%, transport 17%, clothing 2%, public 

services 8 % and all other categories together contribute 24 % on average. Over the years 

2008 – 2014, the share of each category in relation to the total emissions is stable.  

 
Figure 3: per capita GHG emissions from Swedish consumption [tonne Co2-eq per capita] 

Only 35 % of the GHG emissions caused by Swedish consumption are actually emitted in 

Sweden, 22 % is emitted in the rest of Europe and 43 % of the emissions are produced in 

countries outside the European Union (Fout! Verwijzingsbron niet gevonden.). These 

ratios are stable within a ± 3 % range in the 2008 - 2014 time-period. 
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Figure 4: Origin of GHG emissions from Swedish consumption 

 

3.2 Share of fossil CO2 in total GHG emissions from Swedish consumption 

The use of fossil fuels is the largest driver of GHG emissions in all consumption groups 

except food, illustrated in Figure 5.  

Total annual greenhouse gas emissions from food consumption are 1.46 tonnes CO2-eq per 

capita, of which 39 % is emitted in Sweden, 31 percent in the rest of the European Union and 

30 percent in the rest of the world. Emissions from food products cultivated in Sweden are 

one third fossil based while for products from the rest of the EU and the rest of the world this 

is 51 percent and 43 percent. 

Housing and construction attributes 4.18 tonnes CO2-eq per capita, good for 36 percent of total 

annual GHG emissions. Eighty-four percent of GHG emissions come from fossil fuels with 

25 percent from direct household fossil fuel use and 21 percent from construction and 

engineering activities. Fossil CO2 emissions from electricity generation, gas and heat supply 

are responsible for 15 percent of the total emissions of this consumption group. 

Seventeen percent of the yearly emitted GHGs, 2.02 tonnes per capita, are caused by 

transportation in Sweden. Of this, 30 percent is emitted in Sweden and 90 percent of that are 

direct CO2 emissions from burning fossil fuels. Forty-one percent of the emissions are emitted 

outside Europe, whereof 70 percent has its origins in fossil fuels.  

Per capita, clothing contributes 0.19 tonnes of CO2-eq GHG emissions of which 97 percent is 

fossil. Only 0.3 percent of the emissions related to clothing are taking place in Sweden, 20 

percent in the rest of the EU and almost 80 percent outside the EU. 

Public services are responsible for 8 percent of Swedish consumption-based emissions. An 

average of 75 percent of the emissions have fossil origins. About one fourth of the emissions 
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are related to education services, one-third is healthcare related, almost thirty percent is by 

defence and governmental services and 15 percent is related to social work and social care. 

Other services account for 2.76 tonnes of CO2-eq GHG emissions, that is almost one quarter of 

the total emissions. Three quarters of this is of fossil origin. The main contributors in this 

group are refined petroleum products with 27 percent, electronic products and electrical 

equipment with 14 percent, chemical and pharmaceutical products as well as hospitality & 

food services with 7 percent each. Telecommunications IT services and media together 

account for 7 percent of this group. All the other categories individually account for less than 

one percent of total emissions.  
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Figure 5: Share of fossil-based CO2 emissions in total GHG emissions, and share of GHG emissions per 

consumption group relative to total emissions, for the main consumption groups  

 

3.3 Food scenarios 

Table 7 shows the effects of eliminating the use of fossil fuels and behavioural changes on 

total GHG emissions due to Swedish consumption of food products. Greenhouse gas emission 

reductions are almost similar in the scenarios with a 32.5 % more efficient food supply chain 

and a switch to a 100 % plant-based diet. Emissions would lower as much with each of these 

behavioural scenarios than they would when the use of fossil fuels in the food supply chain 

would be eliminated completely. The effect of behavioural changes remains very large, 

switching to a plant-based diet or increasing supply chain efficiency with 32.5 % would halve 

the emissions, even in the scenario where the world becomes fossil free. When the 100 % 

plant-based scenario is combined with 32.5 % efficiency gains in the supply chain, the 

emissions from food consumption would lower even more to 0.36 tons CO2eq per capita per 

year. 

Table 7: Results food scenarios [tonne CO2-eq per capita] 

Scenario 
Fossil 

reductions 

50% less 
animal 

products 

100% 
plant-

based diet 

32,5% more 
efficient 

Combination 

Baseline 
emissions 

1,46 1,46 1,46 1,46 1,46 

Business as usual 1,46 1,23 0,99 0,98 0,67 

Sweden fossil free 1,30 1,08 0,86 0,88 0,58 

Europe fossil free 1,12 0,90 0,68 0,76 0,46 

World fossil free 0,98 0,75 0,53 0,66 0,36 
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Table 8: Sensitivity analysis food scenarios: 50 % higher emissions from electricity [tonne CO2-eq per 
capita] 

Scenario 
Fossil 

reductions 

50% less 
animal 

products 

100% 
plant-based 

diet 

32,5% more 
efficient 

Combination 

Baseline 
emissions 

1,46 1,46 1,46 1,46 1,46 

Business as usual 1,46 1,23 0,99 0,98 0,67 

Sweden fossil free 1,30 1,08 0,86 0,88 0,58 

Europe fossil free 1,13 0,91 0,69 0,76 0,46 

World fossil free 0,99 0,77 0,55 0,67 0,37 

 

3.4 Buildings & construction scenarios 

The results of lowering the use of fossil fuels as well as the effects of changing the energy 

needs in buildings and efficiency gains throughout the supply chain are displayed in 

. Ending the use of fossil fuels in Sweden immediately halves the GHG emissions in the 

buildings & construction scenarios. Making buildings more energy efficient would also lower 

the yearly emissions by a quarter. If there would be fifty percent less energy use in the whole 

supply chain, materials and energy during use phase included, emissions would lower by 47 

%. The impact of energy used during operation and energy used for the construction materials 

reduces to respectively 4 % and 31 % in the scenario of a fossil free world. From the 

sensitivity analysis in Table 10, it appears that the relative impact of an electricity system with 

a 50 % higher emission intensity per kWh results in an average difference of 2 % emissions 

over all scenarios. The relative impact of a 50 % increase in emissions from electricity is the 

highest in the scenario of a fossil free world without further changes in the energy 

requirements of buildings and materials.  

Table 9: Results building & construction scenarios [tonne CO2-eq per capita] 

Scenario Fossil reductions 
<50 % energy use in 

buildings 
<50 % overall energy 

use 

Baseline emissions 4,17 4,17 4,17 

Business as usual 4,17 3,15 2,21 

Sweden fossil free 2,10 2,08 2,07 

Europe fossil free 1,66 1,64 1,57 

World fossil free 0,49 0,47 0,34 
 

  



 

 

18 

 

Table 10: Sensitivity analysis building & construction scenarios: 50 % higher emissions from electricity [tonne 

CO2-eq per capita] 

Scenario 
Fossil 

reductions 
<50 % energy use in 

buildings 
<50 % overall energy 

use 

Baseline emissions 4,17 4,17 4,17 

Business as usual 4,17 3,18 2,21 

Sweden fossil free 2,13 2,10 2,09 

Europe fossil free 1,72 1,69 1,58 

World fossil free 0,61 0,53 0,37 

 

3.5 Transport scenarios 

Sweden becoming fossil free, without other measures, lowers GHG emissions more than the 2 

other scenarios, less road transport or no domestic flying would, without reducing the use of 

fossil fuels. Completely stepping away from fossil fuels would reduce emissions from 

transport by almost sevenfold, to 0.3 tonnes of carbon dioxide equivalent emissions per 

capita. If all scenarios are followed, the yearly greenhouse gas emissions would be reduced by 

96 percent, to 0.08 tonnes per capita. Table 12 displays the scenarios with 50 % higher 

emissions from electricity use. The results show that the effect is small in relation to the total 

emission reductions, although the emissions in the scenario with no domestic air transport and 

a fossil free world double compared to the scenarios with standard emissions from electricity 

use. 

Table 11: Results transport scenarios [tonne CO2-eq per capita] 

Scenario Fossil reductions <20% road transport No domestic flying 

Baseline emissions 2,02 2,02 2,02 

Business as usual 2,02 1,96 1,81 

Sweden fossil free 1,49 1,43 1,22 

Europe fossil free 0,99 0,96 0,78 

World fossil free 0,30 0,29 0,08 

 

Table 12: Sensitivity analysis transport scenarios: 50 % higher emissions from electricity [tonne CO2-eq per 

capita] 

Scenario Fossil reductions <20% road transport No domestic flying 

Baseline emissions 2,02 2,02 2,02 

Business as usual 2,02 1,96 1,81 

Sweden fossil free 1,50 1,44 1,23 

Europe fossil free 1,04 1,00 0,83 

World fossil free 0,38 0,38 0,17 
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3.6 Results other consumption groups 

For all other consumption groups, the three basic scenarios are modelled. Large differences 

can be seen between consumption groups.  

Table 13: Consumption-based emissions from other consumption groups [tonne CO2-eq per capita] 

Consumption group Baseline Sweden fossil 
free 

Sweden + Eu fossil 
free 

World fossil 
free 

Clothing 0,27 0,27 0,24 0,09 

Public services 0,97 0,72 0,55 0,21 

Steel products 0,51 0,50 0,36 0,10 

Petroleum products 1,00 0,97 0,82 0,20 

Electronics 0,38 0,38 0,28 0,07 

Media, IT, 
communications 

0,22 0,18 0,13 0,04 

Financial & legal services 0,06 0,04 0,03 0,01 

Culture, sport, religion 0,20 0,13 0,10 0,04 

Other consumption 0,40 0,30 0,21 0,09 

Total 4,02 3,48 2,70 0,84 

 

 

Table 14: Sensitivity analysis other consumption groups scenarios: 50 % higher emissions from electricity [tonne 

CO2-eq per capita] 

Consumption group Baseline 
Sweden fossil 

free 
Sweden + Eu fossil 

free 
World fossil 

free 

Clothing 0,27 0,27 0,24 0,09 

Public services 0,97 0,72 0,56 0,25 

Steel products 0,51 0,50 0,36 0,12 

Petroleum products 1,00 0,97 0,83 0,26 

Electronics 0,38 0,38 0,29 0,09 

Media, IT, 
communications 

0,22 0,18 0,13 0,05 

Financial & legal 
services 

0,06 0,04 0,03 0,01 

Culture, sport, religion 0,20 0,13 0,10 0,04 

Other consumption 0,40 0,30 0,22 0,11 

Total 4,02 3,49 2,76 1,01 
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4 Discussion 

4.1 Methods and scenarios 

4.1.1 Consumption groups 

The consumption groups (1.1.1.1.1.1.1C) are compiled from the 59 consumption categories 

and associated emissions found in the PRINCE database. The 59 consumption categories in 

PRINCE are already a simplified and less detailed version of the national economic activity 

classification that contains more than 1600 different economic activities. This means some 

detail is lost. This results in activities being assigned to consumption groups that could be 

assigned to other groups if the full detail were provided in PRINCE. In other cases, following 

the same consumption groups as Fauré et. al (2019) resulted in illogically assigned 

consumption categories, usually with low impact on emissions. 

− Consumption category A02 – forestry products – is assigned to the food consumption 

group. This is probably because A02 contains wild food products from forests. 

Forestry activities are also included in A02, but PRINCE does not provide the detail to 

determine the share that emissions from forestry food products has compared to other 

forestry products. The share of the consumption category A02 in the consumption 

group food is only 3 % and is therefore seen as not important enough to influence the 

results in a significant manner. 

− Consumption category C17 – paper – is assigned to consumption group buildings & 

constructions. This follows the classification of Fauré et. al (2019). No explanation is 

found to this reasoning. The share of C17 in total emissions of the buildings & 

construction group is 0.5% and is therefore negligible. 

− Consumption category G45-47 – wholesale and retail – is assigned to the transport 

consumption group as in Fauré et. al (2019). G45-47 is a compilation of various 

wholesale and retail activities including the sale of vehicles and transport related 

activities but also wholesale and retail activities of various other consumption goods 

as foods, perfumes, etc. No further detail is found in PRINCE nor is there any 

documentation that allows for an assessment of to what extent the emissions that are 

found in PRINCE contain emissions from consumption categories other than transport. 

Consumption group G45-47 makes up 31 % of the total emissions of the transport 

consumption group. If transport related emissions are not most of the emissions in this 

category, the emissions for the transport consumption group could change 

significantly but no estimate can be made of to what extent.  

 

4.1.2 Emissions data  

The PRINCE database contains the results of the models that are run by the research group 

making the framework for Swedish consumption-based emissions accounting. It is not a 

model but a database, that means it has certain limitations. The emissions data is static, it is 
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not a functioning model that is interactive with parameters that can be changed to model the 

effect of any changes. This has some effects on the results presented in this report. If 

emissions from products made in Sweden change, because Sweden becomes fossil-free, this 

normally effects the whole supply chain, yet these so-called feedback effects are not seen in 

the PRINCE data. An example clarifies: In PRINCE, the metal produced in Sweden would 

have a certain amount of emissions per ton that is produced, mainly caused by using fossil 

fuels like coal, cokes, etc. If the metal then gets produced in Sweden without fossil fuels (this 

would be scenario 1 in this report), this will result in much lower emissions per ton of 

produced steel. The steel gets exported and used to make cars in another country and imported 

back to Sweden in the finished cars. The cars that are imported into Sweden would have lower 

emissions associated to them because the steel that is used caused lower emissions. In the 

results presented in this report, these feedback effects are not shown because the emissions 

related to the import of products are static and do not change when something in the supply 

chain is changed. This results in higher emissions than would be in a fully functional MRIO 

model coupled to the detailed national accounts. Moran et. al (2017) found that the feedback 

effects in Sweden account for only 0.2 % of the emissions, therefore this is not seen as a 

problem in the results of the scenarios where Sweden lowers the use of fossil fuels. How large 

the effect is on the scenarios where the EU lowers the emissions is not clear. In the scenarios 

where the whole world lowers the emissions, the feedback effects are cancelled since all 

fossil-fuel emissions are removed.  

The database was last updated in 2018, the years it covers are from 2008 – 2014. In a search 

for more recent data the Swedish Statistics Database was consulted. Since the national 

consumption-based emissions statistics are based on the PRINCE model, these should contain 

the same data, but this was not the case. After unsuccessful attempts to determine the cause of 

the differences, the SCB was contacted. The cause of the difference in emissions data turned 

out to be a recent update of the EXIOBASE database. EXIOBASE is used to model Swedish 

consumption-based emissions and the update resulted in a retroactive change of the emissions. 

The format the SCB publishes national consumption-based emissions in is not completely 

compatible and not as detailed as the PRINCE database. In the data retrievable from SCB 

there are no details on the region the emissions connected to import come from, it only shows 

the part that is Swedish and foreign. Newer data with the same level of detail was requested 

but could not be provided by the SCB. This means the “older” data in PRINCE had to be used 

since in the scenarios there is differentiation between Swedish, European, and non-European 

emissions. A comparison showed that the average emissions in PRINCE are 15 percent higher 

than the updated emissions published in the SCB database. 

4.1.3 Electricity mix and biofuels availability 

The electricity mix is an important factor in modelling the future emissions. Most of the 

future energy needs in the scenarios will be delivered in the form of electricity. The electricity 

mix chosen in the scenarios is based on as recent as possible reports that model a completely 

renewables-based electricity system. These reports incorporated technological and economic 
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developments as well as the geographical boundaries the technologies are subjected to. The 

most probable technologies that are expected to provide the largest share of the electricity 

(wind and solar PV) have emission factors that differ a factor 3 but are both low compared to 

current technologies. The emission factors that are used are adopted from the IPCC (2014). 

During the transition to a 100 % renewable energy system these emission factors will get 

lower because the emissions related to the energy used to produce the energy technologies 

will be lower. This effect is not considered in this study. Nevertheless, a sensitivity analysis 

was included that accounts for a fifty percent higher emission factor from electricity. This was 

done to include the potential effects of using other technologies, with higher emission factors. 

Efficiency gains because of switching from fossil fuels to electricity are also not included in 

this study but could be as high as 10 to 40 % depending on the sector (European Commission, 

2019b)(European Commission, 2018). 

The electricity mix for Sweden that was derived from the Swedish Energy Agency scenario 

with a large share of wind power (Swedish Energy Agency, 2019) included eight percent 

electricity from biomass. In the one hundred percent renewable electricity scenarios for the 

Europe and the rest of the world taken from SolarPower Europe and LUT University (2020) 

and Ram et. al (2019) there was only a marginal share of biomass in the total primary energy 

supply. Electricity production from biomass is not included in any of the electricity mixes in 

this study because the discussion on how to deal with biomass emissions is ongoing. 

Although the IPCC considers it as renewable and thus, carbon neutral, other studies suggest 

using different accounting methods because the effect on global warming is not net zero. 

Cherubini et. al (2011) suggests using a method based on the actual global warming potential 

(GWP) using a newly designed GWPbio index, that is dependent on the rotation period and 

atmospheric decay functions. Other authors suggest using lifecycle emissions that include 

emissions of the power plants’ construction, operation, etc. Kadiyala et. al (2016) performed 

literature review on lifecycle emissions from various biomass types and found large 

differences between the different types of biomass and technologies. Because taking all these 

differences into consideration in this study would make it too complex for completion within 

the given timeframe it is assumed there is no use of biomass in any of the scenarios in this 

study. A sensitivity analysis was performed where the emission factor for electricity 

production from both wood chip biomass from Baltic forest (22 gCO2/kWh) as well as Ireland 

willow (131 gCO2/kWh) from Kadiyala et. al (2016) was used. This resulted in less than 1 % 

difference in total emissions when assuming an 8 % share of biomass in electricity production 

for each of the electricity mixes. The sensitivity analysis where emissions from electricity are 

increased by 50 % has a 3 to 4 times higher impact than including biomass in the electricity 

mix. Therefore, it is not seen as crucial to the outcome of this study to include biomass. 

Electricity production with nuclear technologies are not used in the electricity mix because 

they are not representing any significant share (<1%) in the 2050 energy models that take into 

account the lifespan of currently operating reactors and the economic incentives of building 

new reactors (Ram et al., 2019; SolarPower Europe and LUT University, 2020). If through 

policy decisions there will be an expansion of nuclear capacities, this will however not 
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influence the average emission factor of the electricity mix since according the IPCC the 

emission factor of electricity generated with nuclear technology is the same (12 gCO2/kWh) 

as the emission factor of electricity from offshore wind and differs insignificantly from 

onshore wind technology, which has a large share in all of the electricity mixes.  

No further research was performed on the availability of biofuels that are used to supply for 

fifty percent of the energy needs for agriculture, transport by water and domestic air transport. 

Since biofuels are currently used in most European countries as addition to diesel or in the 

form of bioethanol it is assumed there is enough capacity to fulfil the scenario needs. 

4.1.4 Scenarios 

The scenarios presented in this study are a projection of how the emissions would evolve if 

the scenario conditions are met. The chance or the degree to which these scenarios come true 

are completely depending on the political and societal evolutions. The fossil-free scenarios for 

Sweden and Europe are more likely to be achieved than the scenario where the whole world 

becomes fossil-free. Sweden has already communicated that it wants to lead in becoming 

fossil-free and is taking actions by involving all stakeholders in achieving this goal through its 

Sweden fossil-free initiative (Löfven, 2019). The EU has not stated the target of becoming 

completely fossil-free but currently agreed upon plus proposed measures would already result 

in fossil fuels accounting for ± 10 % of electricity production (European Commission, 2018). 

With the Green Deal, the intention is to further increase the EUs climate ambitions and 

become climate neutral by 2050, which implies deep reductions of the use of fossil fuels. 

When and if the rest of the world will end fossil-fuel use is highly uncertain, but a general 

evolution towards renewables is noticeable.  

4.2 Overall emissions 

The findings in this study show how reducing the use of fossil fuels in Sweden has an impact 

on Swedish consumption-based emissions. A comparison with other mitigation options like 

reducing road transport, air transport, dietary changes and energy efficiency improvements is 

made to provide perspective on the effects of these efforts. Unlike previous scenario efforts 

that rely on a fixed set of extensive behavioural and societal changes, as performed by Fauré, 

Finnveden and Gunnarson-Östling (2019), the scenarios in this report display the mitigation 

potential and synergetic effects of individual mitigation efforts. This report also provides an 

insight in what the effects of international mitigation actions will have on emissions from 

Swedish consumption. 

This scenarios approach demonstrates what the effects of lowering the use of fossil fuels in 

Sweden, Europe, and the rest of the world, are on Swedish consumption-based emissions. If 

Sweden stops using fossil fuels, without taking any other measures, annual GHG emissions 

will lower from 11.67 tonnes CO2-eq to 8.36 tonnes CO2-eq. This represents only 27 % of the 

total GHG emissions. When the whole of the EU phases out fossil fuels, emissions from 

Swedish consumption lower by 44 % and if the whole world stops using fossil fuels this 

would reduce Swedish emissions by 77 %. These results confirm the findings by Davis & 
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Caldeira (2010) that show high dependency on import and large spillover emissions in 

western-European countries. The sensitivity to changes in the technologies for electricity 

production are very low, 50 % higher emissions by electricity use result in only 1 % to 7 % 

higher emissions. Because of the uncertainties that are inherent to any scenario that covers 

such a large timespan, these differences are negligible. Since the PRINCE database does not 

function like a fully functional MRIO model, the effects of reduced emissions in one region 

do not cause reduced emissions in the regions that are connected through trade. This causes 

higher than realistic emissions in the scenarios where emissions are lowered due to fossil-fuel 

reductions or other measures. Moran et. al (2017) have found that these feedback effects are 

0.2 % for Sweden, suggesting the effect is very small in the scenarios where emissions are 

reduced in Sweden. How large the feedback effects are in the scenarios where emissions are 

lowered in the whole EU region is not known. 

4.3 Food consumption 

Food consumption is responsible for 13 % of total GHG emissions, which is similar to the 

results from Schmidt et. al, (2019). The share of emissions caused by burning fossil fuels is 

lower than in the other categories which makes the switch to renewable energy less impactful 

than in other consumption groups. If Sweden switches from fossil fuels to the scenario mix of 

50 % renewable electricity and 50 % biofuels, this only decreases the total emissions from 

food consumption by 11 %. The highest impact Sweden can have, is by reducing the 

consumption of animal products. Efficiency gains in food production can also contribute 

significantly to reducing emissions and especially reducing food waste is an effective measure 

since reducing demand has effects that go beyond Swedish borders. Forestry products is one 

of the consumption categories that are included in the food consumption group, because the 

consumption group is adopted from Fauré et. al, (2019). The reason is that wild food products 

coming from forests fall under this category. One could argue that not all forestry products are 

part of food consumption, but since the forestry products category only represents 3 % of the 

food consumption group it is not a significant problem. 

The scenarios for food consumption rely on the assumption that all agriculture related 

methane emissions in Europe arise from animal husbandry. Methane emissions are 

responsible for about 40 % of total GHG emissions from agriculture Table 7. If animal 

husbandry is responsible for only a part of the methane emissions, this will have an impact on 

the results. The impact will not be large enough to change the general outcome of the results. 

Another assumption is that energy needs related to food production are replaced by electricity 

and biofuels, each 50-50. If this ratio changes it has effects on the emissions related to the 

scenarios. The impact of that is rather small since the energy needs in agriculture are 

relatively low compared to buildings & construction or transport. If the efficiency gains 

assumed in the scenarios are achieved or not is very much dependent on policy and societal 

incentives.  
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4.4 Buildings & construction activities 

The largest decline in greenhouse gas emissions, by ending the use of fossil fuels, is found in 

the buildings and construction sector. This is also the consumption group Sweden has the 

highest impact on. When Sweden ends fossil fuels, without further measures, emissions lower 

by 50 %? From 4.17 tonnes CO2-eq per capita to 2.10 tonnes per capita, which represents 18 % 

of the yearly GHG gas emissions by Swedish consumption. Reducing the energy need in 

buildings can cause significant emissions reductions but there also is a risk for negative 

feedbacks because of the emissions from increased material use. Switching from fossil fuels 

to heat pumps for heating buildings can be a win-win since this has a direct impact on the use 

of fossil fuels and lowers the primary energy needs. A combination of lower energy use in 

buildings and lowering or changing the use of construction materials, from concrete to wood, 

has potential emissions savings that equal ending the use of fossil fuels. Which is similar to 

the results of an LCA performed by Nässén et. al, (2012). If the whole world ends using fossil 

fuels, the reduction of greenhouse gas emissions for buildings and construction can be 

reduced to almost 10 % of the current emissions. Without any other measures concerning 

energy efficiency or other material choices.  

The European residential sector is currently on track for a 38 % reduction in primary energy 

demand in the residential sector by 2050 (compared to 2005), this is without extra measures 

(European Commission, 2018). This is not yet the 50 % used in the scenario. The Green Deal 

is expected to increase the ambitions further, making the 50 % used in the scenario more 

realistic. Regarding the total primary energy reduction of 50 % there are also promising signs 

that this can be achieved. Significant reductions are expected because of ongoing 

electrification. The EU Green Deal is aiming at supporting fossil free steel production by 

2030 (European Commission, 2019a). Together with further emission reductions in cement 

production and increasing use of wood in construction, the probability of the scenario 

increases. Everything depends completely on political decisions taken in the 2020 to 2030 

period, since it takes 25 years to transform an industrial sector and all the value chains 

(European Commission, 2019b). 

4.5 Transport activities 

By far the largest emissions reduction in transport that lies within Sweden’s control is 

switching from fossil fuelled to all electric road transport. This can lower emissions by a 

quarter. The single most impactful measure is ending domestic air transport and switching 

that by transport via railways. When fossil fuels are removed from the whole transport supply 

chain, the emissions would be almost sevenfold lower, from 2.02 t CO2-eq to 0.3 t CO2-eq per 

capita. When combined with the other scenario measures, reducing road transport by 20 % 

and switching domestic air to train transport, transport emissions can be lowered by 96 %. 

The allocation of category G45 – G47 to the transport consumption group is adopted from 

Fauré et. al (2019). The SNI categories that are included in transport include category G45 – 

G47, which includes wholesale and retail trade, repair and sales of motor vehicles and 

motorcycles. This includes most retail activities, not only transport related retail. The 
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PRINCE database does not allow more detail, which means that the share of transport related 

emissions in the wholesale & retail category cannot be determined. 

Sweden is banning the sale of new gasoline and diesel cars from 2030 onwards. The transition 

away from fossil fuels will start long before that because the market for these cars will be less 

favourable. Electricity driven vehicles already make up 50 % of the newly sold cars in 

Norway, and sales are growing in other countries. Battery costs are still falling rapidly, with 

yearly cost reductions of about 20 % (Bloomberg NEF, 2019). Which will soon make an 

electric car as expensive as a traditional combustion engine car. Battery technology is also 

expected to get better, with batteries getting lighter and more energy dense which enables 

even broader use like in long-range busses and trucks. Further electrification of railways is 

expected too but of minor importance since these emissions are already very low. Transport 

by water is said to switch to biofuels in this study but there are signs that a part of the 

shipping industry will switch to electricity too. This evolution is mainly expected in ferries, 

but they do account for a significant part of domestic shipping industry. Switching to electric 

drivetrains will decrease emissions compared to biofuels. The impact of water transport is 

only 3 %, which means any changes are insignificant in the total outcome. A large part of the 

emissions in transport are due to production and sales of motor vehicles and these will be 

getting lower together with other industries.  

 

5 Conclusions 

The use of fossil fuels causes 75 % of all Swedish consumption-based greenhouse-gas 

emissions in the period 2008 – 2014. By reducing the use of fossil fuels, Sweden has only 

limited impact on its own consumption-based emissions because most of the emissions due to 

consumption are taking place outside Sweden. Large cross-border effects can be realised by 

changes in consumption. If all scenarios that do not require reductions in fossil fuels are 

fulfilled, the potential emission reductions are slightly larger than when Sweden would stop 

using fossil fuels for the three main consumption groups. This would also help Sweden in 

achieving the goal of not increasing emissions abroad while reducing their own emissions. 

The results show that international cooperation is important for reducing the emissions. 

There are large differences between consumption groups. Food has the lowest fossil share in 

emissions, with fossil fuel use accounting for 33 % of the emissions related to food 

consumption. The largest share is found in the buildings & construction, with fossil fuel use 

causing 88 % of the emissions. Scenarios show that changes in consumption patterns towards 

eating less meat and reducing food waste have a higher potential for reducing emissions than 

Sweden becoming fossil free. Making buildings 50 % more energy efficient has the potential 

to lower emissions from the consumption group buildings & construction by 25 %. The same 

emission reduction can be achieved by completely switching fossil fuel use for heating in 

residential buildings to heat pumps. In transport, the largest emission reductions can be made 

by reducing the use of fossil fuels in road transport as well as the supply chain. Moving road 
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transport to transport by train, bicycle or foot reduces emissions immediately though the 

potential is limited since trains are bound to railways and stations while transport by foot or 

bicycle has a limited range.  

6 Future research 

Connecting emissions scenarios to the economic consequences to form the most cost-effective 

mitigation strategies could be very useful in policymaking and strategic planning. More in-

depth analyses of the consumption-based emissions and designing a functional model that 

allows for running more detailed scenarios could be a particularly useful tool for researchers 

as well as policymakers or organisations. 
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Appendix 

Appendix A. 

Emission factors used in calculations 

Table 15: Renewable electricity mix Sweden, EU, RoW. Based on (Ram et al., 2019; SolarPower Europe and 

LUT University, 2020; Swedish Energy Agency, 2019)  

Region Technology 
Emissions  

(gCO2-eq /kWh) 

Average emissions 

(gCO2-eq /kWh) 

Sweden 

50 % Onshore wind 

6 % Offshore wind 

5 % Solar PV 

39 % Hydropower 

11 

12 

41 

24 

17.63 

Europe 

45 %Onshore wind 

3 % Offshore wind 

48 % Solar PV 

4 % Hydropower 

11 

12 

41 

24 

25.95 

Rest of the world 

25 %Onshore wind 

3 % Offshore wind 

69 % Solar PV 

3 % Hydropower 

11 

12 

41 

24 

32.12 

 

 

Biofuel 
Calculation 

number 

70 % less CO2-eq /MJ than MJ 

gasoline 

0,3 

Energy & material efficiency 
Calculation 

number 

50% higher energy efficiency 50,0% 

50% higher efficiency overall 50,0% 
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Appendix B. 
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Appendix C. 

Composition of consumption groups. Consumption group in bold with the SNI codes of the 

consumption categories under the consumption groups. 

Buildings & construction Clothing Financial & legal services 

C 17 C13-15 J62-63 

C 31-32   K64 

D 35 Petroleum products K65 

D 36-39 C 19 K66 

F C 20-21 M69-70 

L68 C 22   

M71-72   Public services 

Direct fuel Steel & metal products O84 

  C 24 P85 

Food C25 Q86 

A 01 C28 Q87-88 

A02     

A03 Electronics Transport 

C10-12 C 26 C 29 

  C 27 C 30 

Culture, sports & religious 
services   G 45-47 

R90-92 IT & communications H 49 

R93 J 58 H 50 

S94 J59-60 H 51 

  J61 H 52-53 

    N 79 

 


