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Abstract 

In this master’s thesis project, future scenarios for year 2050 were constructed for Denmark, Finland and 

Sweden using an environmentally extended input-output analysis (EEIOA). Scenarios were constructed 

based on national sustainability targets. A case-specific five stage modeling approach was developed. 

Approach consists of changes in input-output tables for Electricity grid, Fossil primary energy, Industry 

sectors, Transport and Allocation of fossil fuel replacements. To represent business-as-usual 

development, EEIO tables for 2009 were used as reference and baseline scenarios. Constructed scenario 

models resulted in substantial CO2 emission reductions compared to baseline scenario. In scenario results 

for Denmark, emissions reduced 98.17 %, in Finland 81.41 % and in Sweden 77.90 %.  

Furthermore, based on Planetary Boundary framework, greenhouse gas emission carrying capacities 

were estimated in sectoral level for 2050. Carrying capacities for year 2050 for Denmark, Finland and 

Sweden were 9909.99 kton CO2-eq, 9049.42 kton CO2-eq and 18691.96 kton CO2-eq, respectively. 

Compared to radically reduced emissions in scenario results, Denmark and Sweden reached emission 

levels below estimated national carrying capacities. For Finland, carrying capacity level was exceeded by 

2437.77 ktons. 

EEIOA was found to be an efficient tool for constructing and analyzing explorative long-term scenarios. In 

addition, it is possible to integrate absolute sustainability thresholds to EEIOA. Scenario results indicate 

that implementation of the existing national sustainability targets would lead to radical emission 

reductions in Denmark, Finland and Sweden by 2050 compared to business-as-usual development. Based 

on the scenario results, transport and industry sectors were identified as the emission hotspot sectors in 

2050.  

EEIOA is a noteworthy method for decision-support for assessing sustainability strategies. With EEIOA, it 

is possible to allocate and study national sustainability targets on a sectoral level, and that way 

potentially substantially increase the effectiveness and implementation of defined sustainability targets. 

However, further research on modeling dynamics, data quality and underlined uncertainties are needed 

before studied approaches can develop into decision-support tools. 
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1 Introduction 

The challenging and crucial balance of economic, environmental and social sustainability as presented in 

the Brundtland report (United Nation, 1987) has become globally acknowledged. Today, sustainable 

development and over consumption are common terms as scientists, decision-makers, consumers and 

industry agree that current consumption, production and resource use patterns cannot be maintained. 

After 25 years of political debate, international community is now taking action to reach sustainable 

societies. The latest significant global milestone was The Paris Agreement in November 2015. Paris 

Agreement is targeting at mitigation of emissions so that climate change is kept below 2°C by 2100. This 

global agreement does not pre-define actions to be taken, but ratifying countries develop their own action 

plans regarding mitigation, transparency and adaptation to reach these global goals. (United 

Nations/Framework Convention on Climate Change, 2015; European Commission, 2016) 

According to OECD, 2012 future scenarios and development pathways have an important role in guiding 

actions to right direction (OECD, 2012). Future scenarios are constructed representations of future 

conditions including the path leading to that stage (Börjeson et al., 2006; Kosow and Gaßner, 2008). The 

need for future scenarios arises from the recognition that with rapid changes in policies and societies, it is 

not sufficient to assess environmental impacts purely based on current situation. Including future 

scenarios to quantitative sustainability assessments would therefore be relevant for all stakeholders. 

Furthermore, the need for robust and transparent methods for measuring progress has become evident.  

For instance, climate change and global warming are complex global phenomena (Rockström et al., 2010; 

Shine et al., 1990). Hence, complexity of comprehensively assessing cause-consequence links in 

environmental processes is evident. Scientific community has developed numerous methods that aim to 

tackle the challenges the Globe is facing. For instance, there are powerful projections and models 

regarding particularly global greenhouse gas emissions but also nitrogen cycles, water stress, and urban 

air emissions. (OECD, 2012; Rockström et al., 2009; Steffen et al., 2015) Long-term global CO2 

measurements by Earth System Research Laboratory Global Monitoring Division (Dlugokencky, Tans, and 

NOAA/ESRL, 2014) and Atmosphere-Ocean General Circulation Models (AOGCMs) used by 

Intergovernmental Panel on Climate Change (Randall et al., 2007) are just a few examples. 

Despite the available knowledge and the achievements in for instance energy efficiency, mitigations in 

emissions and resource use (IEA, 2016; OECD, 2015), globally the total environmental pressure is 

increasing. (NASA, 2017; NOAA/ESRL, 2014) Hence, there is a need for measuring sustainability 

performance of systems in absolute terms. The concept of absolute sustainability covers approaches 

aiming to address this challenge by defining whether a system is sustainable or not in absolute terms. One 

of the widely-referenced frameworks for absolute sustainability has been the Planetary Boundary 

framework. Planetary boundaries aim to quantify the absolute sustainability limits of the Earth System 

and define the safe operating space for the humankind (Rockström et al, 2009; Steffen et al., 2015). 

In the production side, Life cycle assessment (LCA) has established its role in quantifying the impacts of 

selected product/system has over its lifetime. In LCA, the emissions and resources consumed during the 

entire lifetime of studied goods or systems are analyzed. LCA has developed into scientifically sound 

methodology that highlights potential trade-offs between different environmental processes. However, 

LCA is typically conducted for selected system boundaries with a defined functional unit. This limits the 

comparative potential of the method and makes it technically challenging for laymen. (European 

Commission – Joint Research Centre – Institute for Environmental Sustainability, 2010) 

There is a recognized need to integrate knowledge on production-based environmental impact 

assessments to cover larger systems and development in societal level (Bjørn and Hauschild, 2015). In 

addition, it has been recognized (De Koning et al., 2015; Kanemoto et al., 2014; Oita et al., 2016; Timmer 
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et al., 2014) that emissions embedded in trade need to be included in environmental assessments. 

Exclusion of trade aspect can lead toa risk of underestimating emissions. 

As concrete actions are required, there is a need for tools to assist decision-makers to understand the 

various effects of production, trade and consumption changes. Therefore, sustainability assessment 

methods should be primarily comparative, preferably cover large systems and yet present results in an 

understandable way. Facing such wide and complex impacts, decision-makers will need tools to analyze 

the potential impacts of decisions and strategies implemented.  

Input-output analysis is an economic analysis technique developed by Wassily Leontief in 1941. Input-

output analysis is based on national and international input-output tables (IOTs) which represent 

economy structures as relations between covered economy sectors and monetary inter-industry flows. 

Environmental indicators can be linked to IOA to analyze the environmental pressure related to specific 

sectors or trade actions. When environmental indicators are included in Input-output modeling, the 

method is referred as environmentally extended input-output analysis (EEIOA). (Eurostat, 2008a; 

Schaffartzik et al., 2014) Therefore, applying Input-output analysis (IOA) to sustainability assessments 

has raised interest as an option to analyse sustainability impacts within and between countries. 

From the author’s personal perspective, it is important to link complex scientific models and individual 

processes to societal context and potentially even to economic discussions and terms to ensure that 

environmental sustainability gains equal position with economic and social sustainability aspects. 

The objective of this master’s thesis is to study the applicability of environmentally extended input-

output analysis in constructing future scenarios based on national sustainability and climate strategies. 

Secondly, the thesis presents a way of linking national input-output tables to absolute sustainability 

concept in future scenarios using the planetary boundary framework. It is assessed how current policy 

targets would influence national economy structures and whether targets are sufficient considering 

defined absolute sustainability factors.  
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2 Methods 

2.1 Research questions and methodology 

The objective of this study is to assess future scenarios and absolute sustainability targets with 

environmentally extended input-output. Four research questions were specified for analysis:  

1. How to utilize Environmentally Extended Input-Output Analysis (EEIOA) in sustainability 

assessment and future scenarios? 

2. Are there sufficient data available to perform comparative assessments of future scenarios using 

EEIOA? 

3. How to link absolute sustainability concept in future scenarios? 

4. What conclusions can be drawn from EEIOA future scenarios? 

The thesis project consists of two parts: a literature review and a quantitative case study. The aim of the 

literature review was to form a sufficient theoretical background for analyzing research questions 1 and 

2. For the case study, the objective was to construct future scenarios for Denmark, Finland and Sweden 

based on national climate strategies. The thesis project process is illustrated in the Figure 2.1. Theme of 

the thesis and the derived research questions were broad. Therefore, focus was set to experimental 

quantitative study. It was recognized that the research topic is broad, hence justified assumptions and 

simplifications are needed throughout the process. Furthermore, the literature review will cover several 

topics rather than present in depth analysis.  

 

Figure 2.1: Schematic presentation of research methodology. 
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2.2 Literature review  

The aim of the literature review was to form a sufficient theoretical background for analyzing research 

questions 1 and 2. The second objective was to identify whether there is data available for constructing 

quantitative future scenarios based on national climate targets. Literature review covered three stages: 

1. Conceptual framework and identified topics for the literature review 
Future scenarios, policy framework, environmentally extended input-output analysis, for comparison a 
short introduction to life cycle assessment (LCA) and hybrid models and finally, the concept of 
Absolute sustainability 
2. Iterative material search 

o First materials and author suggestion from thesis supervisors 
o Online materials search using keywords such as: environmentally extended input-output 

analysis, EEIOA, quantitative sustainability assessment, future scenarios, back-casting 
scenarios, environmental impacts of international trade, absolute sustainability, Planetary 
Boundaries 

o Materials included scientific journal publications, reports by OECD, IEA, IPCCC, EUROSTAT and 
ministries of Denmark, Finland and Sweden. In addition, EEIOA database user guides and 
reports were studied. 

3. Collection and summary of the materials 
Combining and summarizing the relevant materials for conducting the case study 
 

2.3 Quantitative study 

Quantitative case study aims to cover research questions 1 and 3. Case study had two objectives. First 

objective was to construct and compare future scenarios for Denmark, Finland and Sweden for year 2050 

using EEIOA. A part of this objective was to see whether there are suitable data available and how 

applicable it is to EEIO modeling. Available data and applied change factors to EEIO tables are later 

discussed alongside the modeling procedure. 

The second main objective of the case study was to test the applicability of absolute sustainability 

concept to EEIOA. More specifically, findings from Planetary boundaries framework were applied  

(Rockström et al., 2009; Bjørn and Hauschild, 2015; Steffen et al., 2015). Based on constructed models, 

research question 4 is qualitatively analyzed in section 4 Discussion.  

Case study procedure and modeling approach was developed based on the literature review and training 

session at the beginning of the project. In the training sessions, Kristian Skånberg and Mårten Berglund 

introduced author to the EEIOA modeling tool they had developed for their research.   
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3 Results 

3.1 Literature review 

3.1.1 Future Scenarios 

Defining future scenarios 

In general, a scenario can be defined as a constructed description of the future conditions including a 

development path leading to that stage. (Börjeson et al., 2006; Kosow and Gaßner, 2008) The need for 

future scenarios rises from the complexity and uncertainty to assess development in the future. Defined 

and justified estimates may help to assess impacts of specific human actions or potential changes in 

studied system. Future scenarios are one type of decision-supporting tool for policy-makers as they 

combine scientific knowledge on easier to understand outcomings. 

Future scenarios objectives are to be reasoned and justified estimates of future. Motivation to construct a 

future scenario may arise from the need to answer one or all of the following questions (Börjeson et al., 

2006): 

 What will happen? 

 What can happen? 

 How can a specific target be reached? 

These questions form a framework for constructing a scenario and different techniques and 

classifications are used to group scenarios. 

Future scenarios can be useful for several purposes, for instance Kosow and Gaßner, 2008 lists 

explorative or knowledge increase, communication purposes, goal-setting, decision-making and strategy 

formation. However, there is no standardized or universal way to scenario process. The lack of universal 

methodology highlights potentially the largest limitation of future scenarios: scenarios are case-specific 

and constructed to serve a predefined purpose. Hence, analysis of scenario results is typically limited and 

different scenarios are not comparative (Kosow and Gaßner, 2008). To conclude, scenarios do not claim 

to be representations of the reality (Börjeson et al., 2006; Kosow and Gaßner, 2008). Next, three different 

approaches to constructing scenarios are presented. 

Börjeson et al., 2006 classify scenarios to be predictive, explorative or normative. Predictive scenarios 

aim to answer the question What will happen? To do so, predictive scenarios rely on knowledge of past 

development and typically utilize statistical trend extrapolation (Kosow and Gaßner, 2008). Hence, 

probability and likelihood are closely linked to predictive scenarios. Predictive scenarios are most closely 

linked to present future as it is expected to occur. Two types of predictive scenarios have been identified: 

forecasts and what-if scenarios (Börjeson et al., 2006). Forecasts study the outcomes of the most likely 

development whereas What-if scenarios study the effects of defined and significant near-future events or 

development. Explorative scenarios aim to answer the question What can happen?. Therefore, explorative 

scenarios are typically characterized with longer time-frame to include more profound and radical 

changes in studied system. (Börjeson et al., 2006) Finally, normative scenarios aim to answer How can 

this specific target be reached?. Normative scenarios may have two different approaches to answer this 

question. If adjustments to current situation are made, scenario is a preserving scenario whereas if 

scenario considers radical structural changes, scenario is called as transforming scenario. (Börjeson et al., 

2006) 

Kosow and Gaßner, 2008 represents three classes of scenario techniques. Scenarios can be based on 

trend extrapolation, where future development follows historical trends. With systematic formalized 

technique, scenario process begins with well-defined key factors and parameters that will be altered to 
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construct different scenarios. Third class is creative-narrative techniques. As the naming suggests, 

scenarios in this class are more creative than others. Scenarios can be based on implicit knowledge and 

insights rather than quantitative data. 

Svenfelt et al., 2015 approach to scenarios begins with a specified problem definition and setting a target 

to be reached with the scenario. Then, future development and trends are analyzed. Constructed 

scenarios then strive to reach the defined target. Finally, the potential pathway to reach defined scenario 

and targets are analyzed. 

Seven common stages for constructing a scenario were identified from studied literature (Börjeson et al., 

2006; Kosow and Gaßner, 2008; Svenfelt et al., 2015). Order and emphasis of the stages vary between 

different scenario construction processes. 

 Definition of a specified challenge/problem studied 

 Setting the questions scenario aims to answer 

 Identification of the scenario type and setting the scope of the scenario 

 Defining scenario process 

 Identification of the key factors influencing the studied system and defining variable parameters 

 Examine the range of results: What outcomes changes in selected parameters may cause. 

 Applying finished scenarios to predefined purposes. 

In this thesis, the focus is on scenarios constructed for sustainability assessment applications. Focus in 

scenarios constructed to address the global recognition of limiting global climate change to 2C by 2100. 

(OECD, 2012; Department of Energy and Climate Change, 2015) In principle, these scenarios are based on 

a general equation presented by Commoner, 1972: 

I = PAT 

In this equation, the total impact (I) is a product of population (P, as capita), affluence (A, as GDP per 

capita) and technology (T, as for example CO2 per unit of GDP) (Commoner, 1972). In the scope of 

sustainability assessment, typically the aim is to study how each of these factors affect the final 

environmental impact and sensitivity of a system to these parameters. For comparison purposes, a 

reference scenario is constructed to represent the most likely development of the system (IEA, 2016a; 

Kosow and Gaßner, 2008; OECD, 2012). 

OECD Scenarios 

OECD has published comprehensive environmental projections in Environmental Outlook reports since 

2001 (OECD, 2012). Reference scenario in OECD Environmental Outlook is called OECD Baseline. 

Baseline scenario represents the projections expected if current and existing socioeconomic and 

environmental trends as well as established policies are maintained. 

Time-frame in OECD scenarios is in year 2050 or even in 2100. Based on modeling and simulation, results 

are grouped into Environmental Outlook traffic lights. Red lights indicate environmental issues requiring 

urgent action, yellow lights environmental pressures with uncertain or unexpectedly changing impacts 

and green lights stabilized environmental issues or issues that are at acceptable level. Environmental 

issues classified as ”Red light” issues by OECD are climate change, biodiversity, water and health impacts 

of environmental pollution. (OECD, 2012) 

OECD scenarios are based mainly on two models. The ENV-Linkages developed by OECD describes links 

in economic activities between sectors and regions. Greenhouse gas emissions are additionally linked to 

this model. Economic data to ENV-Linkages is obtained from IO-tables and GTAP database (Chateau et al., 

2011). ENV-Linkages is divided into 15 regions: Canada, US, Mexico, Japan and Korea, Oceania, EU27, 

Brazil, India, Indonesia, China, South Africa, Russia, Rest of Europe, Middle East and North Africa, Rest of 

the World. Second model used is the IMAGE (Integrated Model to Assess the Global Environment). IMAGE 

is based on 0.5 times 0.5 geospatial grid that models global land allocation and emissions. Schematically, 
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OECD modeling approach connects economy and environment through energy, agriculture and land use. 

In IMAGE, 24 regions are distinguished: Canada, US, Mexico, Japan, Korea, Oceania, OECD Europe, Central 

Europe, Brazil, India, Indonesia, China, Southern, Africa, Russia, Turkey, Ukraine region, Northern Africa, 

Eastern Africa, Asia-Stan, South East Asia, Rest Central America, Rest South America. The scope of OECD 

report is to regroup these regions into three major regions: OECD countries, BRIICS (Brazil, China, India, 

Indonesia, South Africa and Russia). (OECD, 2012) 

Two main drivers define the outcome in scenarios: economic growth drivers and energy use. Factors 

affecting economic growth are labor markets, capital markets and other international drivers. Energy use 

and fuel types directly define the emission levels. In this study, economic growth factors are restricted to 

population growth in studied countries. If covered in more detail, labor supply is a key determinant in 

economic growth. (Chateau et al., 2011) Chateau et al., 2011 presents a decomposition of employment as 

a function of population, adult population, active population and unemployed people. The second factor is 

capital markets, where theoretically in balanced economy the growth rate of capital would equal the 

growth rate in employment. Historically, this has not been the case particularly in developing countries, 

where capital has been scarce compared to available labor force. In OECD Baseline scenario, it is 

projected that from capital markets perspective, national economies are balanced by 2050. In other 

words, public savings approach zero percent of GDP by 2050. International drivers cover international 

trade trends which have proven to be one of the major engines in economic growth. Also from this 

perspective projection is relatively stable for Europe in baseline scenario. (Chateau et al., 2011) 

For instance, based on Baseline scenario, the global CO2 emissions by source would remain relatively 

stable from residential, industry, services and energy transformation sectors. Emissions from transport 

and industrial processes increase moderately but the most significant increase would be in global power 

generation emissions. These effects would result in the global concentration of greenhouse gases to 

increase to 685 ppm CO2-equivalent by 2050. (OECD, 2012) 

To summarize, potential key environmental challenges from the Baseline scenario (by the publication of 

the report) are: 

 Greenhouse gas emission increase more than 50 % by 2050 primarily due to increase in CO2 

emissions from energy use. 

 Due to increased emissions, GHG concentration could reach almost 685 ppm by 2050 

 Projected global temperature average increase from 3°C to 6°C 

 Biodiversity loss 

 Freshwater availability further strained in many regions 

 Health impacts of urban air pollution 

 Disease related exposure to hazardous chemicals (OECD, 2012) 

The second key scenario in OECD Environmental Outlook to 2050: The Consequences of Inaction is the 

Core 450 where greenhouse gas emissions are limited to 450 ppm by the end of 21st century and 

mitigation actions are modeled to start in 2013. In Core 450 emissions are reduced more than 75 % by 

2050 compared to Baseline scenario. Differences to Baseline scenario occur in four aspects. Firstly, 

emission types differ in the following matter: by 2020 CO2 emission abatement compared to Baseline is 

around 3 GtCO2e, CH4 approximately 2 GtCO2e and around 

0.5 GtCO2e of N2O. Difference in scenarios become more dramatic in 2030 where CO2 abatement is 

modeled as 13GtCO2e compared to Baseline and CH4 5 GtCO2e compared to Baseline. In Core 450 

scenario, sector differences to Baseline are modeled to occur especially by 2030 where Power generation 

is modeled to be approximately 5 GtCO2e compared to Baseline scenario. Besides, Energy intensive 

industries are modeled to reduce their emissions around 3 GtCO2e more than in Baseline scenario. 

Finally, the greatest difference between Baseline and Core 450 is in the emissions from fossil fuel types. 

By 2030, in Core 450 scenario emissions from coal are modeled to be over 7 GtCo2e smaller than in 

Baseline scenario. Relatively easily achieved methane emission reductions are expected in coal mining, 
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oil and gas processing and shipping, waste recycling and methane capture from landfills. Finally, OECD, 

2012 scenario estimates impacts on regional net income. In EU27 region, 450 Core scenario is assumed 

to result in approximately 5% change from Baseline. (OECD, 2012) Net income decreases are expected 

due to fragmentation of carbon market. 

IEA Scenarios 

International Energy Agency (IEA) publishes numerous reports and outlooks on energy scenarios. In the 

World Energy Outlook, the New Policies Scenario serves as the baseline scenario taking into 

consideration latest policy commitments and plans, whereas in Energy Technology Perspectives report 

three scenarios are analyzed: 

1. A reference scenario is called 6DS and practically extrapolates current trends resulting in 

expected global temperature rise of around 6°C 

2. 4DS considering recent pledges by countries to limit emissions and improve energy efficiency. 

Baseline and reference scenarios in for instance IEA, 2016b 

3. 2DS scenario leads to limiting temperature rise to around globally targeted 2°C and reaching 

these targets would require more aggressive measures from current policies. 

2DS scenario is the main focus of IEA Energy Technology Perspectives report. The 2DS scenario is 

consistent with climate models representing pathways to at least 50 % chance of limiting average global 

temperature increase to 2°C. (IEA, 2016a) In 2DS scenario, global GHG emissions are to peak already 

around 2015 and decrease drastically to reach 0 in 2100 meaning cumulative CO2 emissions to reach 

2677 GtCO2. 2DS scenario is included in The Global Calculator tool (Department of Energy and Climate 

Change, 2015). In case study part of this study, carrying capacities are calculated for sectoral level based 

on 2DS scenario because it closely links to 350 ppm greenhouse gas concentration boundary by 

Rockström et al., 2009. 

In addition to global Energy Technology Perspectives, IEA has published Nordic region specific projection 

report “Nordic Energy Technology Perspectives 2016”. Report (IEA, 2016b) presents a common 

technology pathway for entire Nordic region (Denmark, Finland, Iceland, Norway and Sweden) to reach 

near-zero emission energy system by 2050. Central scenario in the report is The Nordic Carbon-Neutral 

Scenario (CNS) that has three key macro-level strategic aspects: 

1. Distributed, interconnected and flexible electricity system. 

2. Ramp up technology development especially for long-distance transport and industrial sector. 

3. Elaborate ambitious targets at cities to national decarbonisation and energy efficiency efforts in 

transport and buildings. 

Figure 3.1 (IEA, 2016b) shows in Nordic countries, decoupling of greenhouse gas emissions and economic 

growth can be observed after 1998. Development started in 1990s from buildings sector and was due to 

for example expansion of district heating networks. (IEA, 2016b) Today, Nordic countries have been 

pioneers in greenhouse gas mitigations: Nordic countries have set stable carbon taxation and renewable 

energy incentives so that common Nordic electricity grid reach carbon intensity of 59 gCO2/kWh in 2013 

which is estimated to be the level world needs to reach in 2045 to achieve below 2°C global warming 

targets.  For comparison, the European Union (28 countries) average CO2 intensity in electricity 

production was 558 gCO2/kWh in 2013. (European Environment Agency, 2015) However, Nordic energy 

use per capita has remained above the OECD average since the mid-1980s. Also, common for Nordic 

countries is high consumption emissions, meaning they are net importers of embodied CO2. Consumption 

based emissions allocate the emissions to the countries where goods and services are consumed, 

regardless of where they are produced. (IEA, 2016b; Department of Energy and Climate Change, 2015) 

Considering future development, IEA, 2016b analyzes that Nordic countries have captured the simplest 

and most cost-efficient emission mitigation sources by now. Therefore, Nordic countries need innovative 
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and ambitious policies to achieve progress in more difficult sectors. Sectors in focus are transport 

(currently approximately 40 % share of total emissions) and industry (including oil, gas and refineries) 

with 28 % share. Especially in case of industry, it is important to drive such policies that do not drive 

industries to relocate their production to countries with less strict regulation. 

 

Figure 3.1: Decoupling trend of CO2 emissions from primary energy use and GDP growth in Nordic countries from 1990 
to 2015 (IEA, 2016b). 
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Figure 3.2 illustrates the projected 

Electricity sector composition in Nordic 

countries in 2050 compared to reference 

year 2013 composition. In the figure, the left 

bar represents the Baseline scenario 4DS 

and CNS scenario is on the right. Baseline 

scenario 4DS and CNS scenario differ in grid 

compositions and total electricity use, but 

both scenarios forecast low-carbon 

electricity mix, CNS resulting in no fossil fuel 

use by 2050. Hydro power is projected to 

provide the largest share, followed by wind 

power, biomass and nuclear energy. 

Reference year compositions of national 

electricity grids are presented in Appendix. 

From EEIOA perspective, one relevant 

aspect in CNS scenario is the change in 

electricity trade in Nordic region by 2050. In 

2015, Nordic electricity imports were below 

10 TWh and exports approximately 22 TWh 

resulting in a net export of 15 TWh. 

According to CNS scenario, in 2050 Nordic 

countries would import around 35 TWh 

electricity and export increase close to 100 

TWh. 

The second sector of focus is Transport. In general, electric vehicles are expected to be main vehicle type 

in urban and short distance transport by 2050. However, according to the scenario, in long-distance, 

heavy-duty and marine freight electrification may not be technically feasible solution yet. According to 

CNS, in 2050 demand for transport biofuels has five-folded from 2010, reaching 500 PJ. Major part of this 

demand comes from biodiesel that accounts for approximately 350 PJ. 

The third key sector for Nordic countries is Buildings, where significant energy efficiency improvements 

have already occurred. In addition, CNS scenario projects total energy consumption of Buildings to 

decrease from 1400 PJ in 2013 to 1000 PJ in 2050. Assuming constant prices, this is translated into 28.5% 

decrease in energy consumption. Furthermore, emission intensity of buildings is assumed to reach near 

zero kgCO2/m2 by 2050. Additionally, energy intensity decreases from 250kWh/m2 in 2010 to 

125kWh/m2. 

Emission mitigation targets for Industry sector are described in detail in “Nordic Energy Technology 

Perspectives 2016” report. Except Denmark, all Nordic countries are highly dependent on energy-

intensive industries. CNS scenario defines a 60 % emission reduction target for direct CO2 emissions to 

Nordic industry sector from 2013 to 2050. Considering the projected 9 % energy consumption reduction 

by 2050 from 2013, achieving this target would require large scale implementations of energy efficiency 

improvements, low-carbon fuel and feedstock, and implementation of innovative processes such as CCS 

(Carbon Capture & Storage). Largest cumulative reduction, 39 % is assumed in iron and steel sectors. In 

chemicals and petrochemicals sector, 17 % reduction in cumulative direct emissions is expected 

following 10 % cumulative reduction by pulp and paper industry. Especially in heavily fossil fuel 

dependent industries such as cement, iron and steel, reaching ambitious emission reductions require can 

face significant technological challenges. (IEA, 2016b) IEA, 2016b states that maximizing direct CO2 

emission reductions related to industrial sources might require breaking sectoral boundaries and 

searching for solutions along product value-chains. It is estimated that achieving IEA, 2016b CNS scenario 

Figure 3.2: “Nordic Energy Technology Perspectives 2016” 
scenarios for Nordic electricity grid in 2050 (IEA, 2016b) 
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would require additional 333 billion USD investments over the period of 2016 to 2050. However, in CNS 

scenario, these measures would lead to Primary energy supply decrease of 25 % by 2050 compared to 

2013. 

BeyondGDP scenarios 

OECD and IEA future scenarios are based on and constrained with the assumption of economic growth. In 

BeyondGDP project (Svenfelt et al., 2015), future scenarios for Sweden are constructed not to be 

constrained with economic growth but to explore the effects of halted, or stagnated GDP growth. 

BeyondGDP scenarios are explorative backcasting scenarios and in Svenfelt et al., 2015 report described 

qualitatively. Four scenarios are presented 1) collaborative economy, 2) local self- sufficiency, 3) 

automisation for quality of life, and 4) circular economy in the welfare state. These scenarios aim to cover 

socio-economic aspects of future development needed to reach predefined targets and are strongly based 

on changes in consumption patterns. Scenarios include considerations of for instance citizen participation 

and power relations, time spent at work, spare time and welfare (Svenfelt et al., 2015). 

Summary of future scenarios 

Scenarios presented were studied to identify how economy structures are projected to develop by 2050 

and in which sectoral changes are expected to occur. Studying OECD Baseline scenario, economy 

structures change globally to a more service-centric direction when measured as shares of GDP by 2050. 

However, in developed countries economy structures are projected to remain relatively same from 2010 

to 2050. This means services comprise approximately 60% of the GPD, transport and construction 15 %, 

energy intensive industries (chemicals, non-ferrous metals, fabricated metal products, iron and steel, 

pulp and paper and non-metallic mineral products) 10 %, other industries 10 % and agriculture the rest. 

(OECD, 2012, p.59) 

Both OECD and IEA reference scenarios project similar energy production increases globally. Particularly 

strong increase is estimated to BRIICS countries and rest of the world region - covering generally the so 

called developing countries. In OECD region, energy production is expected to remain relatively stable, 

increasing from approximately 225 EJ in 2010 to 275 EJ by 2050. (OECD, 2012, p. 61, IEA, 2016a) 

Additionally, no radical changes in fuel sources were expected. It must be noted, that even if for instance 

share of agriculture diminishes by 2050 it does not mean the number of crops and food produced 

decreases. (OECD, 2012) Also, the estimates of primary energy production by fuel type are necessary 

reference for the following quantitative study. The OECD Baseline scenario results for OECD countries are 

shown as percentages of total energy production (in EJ) in Table 3.1. 

 

Table 3.1: Projected energy productions by fuel type in OECD countries according to Baseline scenario (in EJ) (OECD, 
2012) 

OECD 2010 2030 2050 

Renewables 6.40 % 9.12 % 13.78 % 

Nuclear 10.06 % 10.21 % 8.58 % 

Gas 21.80 % 29.95 % 25.50 % 

Oil 40.60 % 32.27 % 29.10 % 

Coal 21.15 % 18.46 % 23.04 % 
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Three common main assumptions and constraints were identified in studied scenarios: 

Population growth 
Looking at year 2050, the global population is expected to grow to approximately 10 billion (Melorose, 
Perroy, and Careas, 2015a) from 7 billion in 2015 (Department of Energy and Climate Change, 2015). 
 
Economic growth 
Except BeyondGDP (Svenfelt et al., 2015), studied scenarios are typically based on a economic growth 
projection. For instance, world-wide GDP is expected to increase annually the average of 3.5% between 
2010 and 2050 in OECD Baseline scenario (OECD, 2012, p.55) 
 
Energy 
If global development would follow recent trends/business-as-usual/no changes, energy demand 
would increase 70 % from 2015 to 2050 (Department of Energy and Climate Change, 2015) 
 

Like all models, studied scenario results include sources of uncertainty. Three main sources were 

identified in the reports by Chateau et al., 2011 and IEA, 2016a: uncertainty in the parameters, 

uncertainty in drivers and uncertainty in model structure. However, due to complexity of the model and 

data, uncertainties are discussed only on qualitative level in the report. 
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3.1.2 Policy Framework 

In this section, findings from the existing climate strategies and policy framework aiming at mitigating the 

environmental impact from greenhouse gas emissions are discussed. First, general policy instruments 

focusing on mitigating environmental impacts of production and services are presented. Then, Paris 

Agreement and European Union climate targets are summarized. Finally, key findings from national 

climate strategies for Denmark, Finland and Sweden are presented.  

Policy instruments 

International OECD, 2012 summarizes the transition to a low-carbon, climate resilient economy will 

require significant investments in mitigation and adaptation and a shift of investment from fossil fuels 

and conventional technologies to newer, cleaner technologies and less carbon-intensive infrastructure. 

With tight government budgets, finding least-cost solutions and engaging private sector will be critical to 

financing the transition. Besides, costly overlaps between policies must be avoided. (OECD, 2012) 

Based on OECD Environmental Outlook to 2050: The Consequences of Inaction and Bakam, Balana, and 

Matthews, 2012, there are five classes of potential policy instruments to tackle climate change: 

1. National climate change strategies 

2. Price-based instruments: 

 Cap and trade 

 Carbon taxes 

 Removal of fossil fuel subsidies 

3. Command and control instruments and regulation 

4. Technology support policies, including research and development (R&D) 

5. Voluntary approaches: 

 Public awareness campaigns 

 Education 

Price-based instruments build on setting a clear and credible price on carbon emissions across the 

economy. These instruments include for example carbon taxes, trading schemes, quotas and certificates. 

The general principle is to penalize carbon-intensive technologies and processes and stimulate economy 

towards low-carbon technologies and processes. Besides, price-based instruments can also help trigger 

innovations and enhance energy efficiency development. (Bakam, Balana, and Matthews, 2012; OECD, 

2012) An example of a price-based policy instrument is EU-Emission Trade Scheme (ETS) that is 

currently world’s largest trading scheme operating in 31 countries. Scheme covers all Kyoto protocol 

gases of energy, transport, industry, waste, synthetic gases and forestry sectors. Globally, several trading 

schemes have emerged yet fragmented markets will not be as effective tool as one global market. (OECD, 

2012) 

In addition to price-based instruments, regulations will provide an important instrument to policy mix in 

cases where for instance emissions cannot be sufficiently monitored at source or it is otherwise 

impossible to set a price for given source of emission. Regulations should be targeted to selected policy 

goal, strict in a sense that benefits outweigh the costs, stable time-wise, updated regularly and flexible to 

enable novel, low-carbon technology innovations. (OECD, 2012) Three factors to foster such an 

innovative environment were identified by OECD, 2012: policy framework, public investment in basic 

research and carbon pricing. 
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Efficient use of different policy instruments form the basis for reaching targets regarding environmentally 

more sustainable societies. However, the direct and significant impact of citizens, their consumption 

patterns and purchasing choices must not be overlooked. For example, OECD, 2012 estimates consumers 

to account for 60 % of final consumption in OECD region. Hence, these behavioral aspects directly affect 

how more sustainable technologies, processes and products integrate in large scale. 

International climate targets 

So far, globally the benefits of climate change mitigation efforts have been recognized but country 

incentives have not been sufficient to trigger action (OECD, 2012). However, in November 2015, The 

Paris climate conference (COP21) led to a historical global, legally binding agreement on mitigating 

climate change. The ratification threshold to enter into force was achieved by October 2016. The 

agreement sets out an action plan to limit global warming well below 2C. Paris Agreement does not 

oblige nations to certain international emission targets but to achieve countries’ own targets. Ratifying 

parties have submitted comprehensive national climate action plans, to address country-specific 

measures in reducing GHG emissions. Besides, governments agreed to set more ambitious targets every 5 

years, report how well measures are implemented and to track progress through a robust transparency 

and accountability system. Additionally, ratifying countries have agreed to strengthen ability to deal with 

climate change impacts and to provide enhanced support for developing countries to adapt to climate 

change. (United Nations/Framework Convention on Climate Change, 2015; European Commission, 2016) 

For instance, in the Paris Agreement the ratifying parties are suggested to conduct a clear report on 

individual undertakings in climate change adaptation planning. UNFCCC advice countries to provide 

quantifiable information on the reference point, time frame for implementation, scope and coverage, 

planning processes and methodological approaches. (UNFCCC, 2015) 

Well before The Paris Agreement, European Union had agreed on climate targets for 2020 and 2030. By 

2020, EU has defined between 2005 and 2020 greenhouse gas emissions from buildings, agriculture and 

transportation to be reduced by 20 %. Secondly, share of renewable energy in total energy consumption 

should be 30 % by 2020 and in transport sector, renewable energy should count for 10 % of total energy 

use by 2020. 

By 2030, EU wide targets aim to total emissions reductions of 40 % between 1990 and 2030. Target is 

divided between 4 parts: 43 % reductions from large emitters such as power plants and the oil and gas 

sectors, 30 % reductions of emissions from buildings, agriculture and transportation, minimum 27 % 

renewable energy in total energy consumption by 2030 and at least 27 % increase in energy efficiency by 

2030. (European Commission, 2015) However regarding year 2050, no quantified international targets 

have yet been agreed. 

Climate policies in Denmark 

Denmark has set a target of becoming carbon neutral by 2050 (Energistyrelsen, 2017). To ensure stable 

framework for Danish climate policies, the Danish climate law was passed in the Danish parliament in 

2014 (Energistyrelsen, 2017). Besides long-term target of carbon neutrality by 2050, the goal is to 

transform the Danish economy into a low-emission society by 2050. Definition of low-emission society by 

2050 is not yet quantified but according to the law, this means ”a resource efficient society where energy 

supply is based on renewable energy resources, and where the greenhouse gas emissions from other 

sectors is significantly lower, while at the same time leaving room for economic growth and 

development”. This statement includes the ability to provide total demand of renewable energy resources 

domestically by then (Danish Ministry of Energy - Utilities and Climate, 2015). 

To reach these targets, the Danish Climate Change Act consists of three key areas: (1) Establishment of an 

independent, academically based Climate Council, (2) An annual Climate Policy Report for the Danish 

Parliament and (3) A process for setting national greenhouse gas reduction targets. (Danish Ministry of 

Energy - Utilities and Climate, 2015) 
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In a shorter time span, Denmark’s climate strategy is formed by the EU climate targets for 2020 and 2030. 

Regarding EU wide targets, Danish reduction obligations regarding buildings, agriculture and 

transportation have not yet been negotiated for 2030. (Energistyrelsen, 2017) 

Denmark’s detailed greenhouse gas emission projections in sectoral level until 2030 are published in 

Projection of Greenhouse Gases 2013-2035 (Nielsen et al., 2014). The current status of the policy 

framework and challenges achieving set targets are discussed in “Danish Council on Climate Change. 

Converting with care: Status and challenges for Danish climate policy” (Birch Sorensen et al., 2015). 

Despite significant emissions reductions in for instance electricity and district heating sectors, further 

reductions in sectors like agriculture and transport are needed to reach carbon neutral society by 2050. 

The importance of Electricity grid mix that is based on wind, solar and biomass is highlighted. (Birch 

Sorensen et al., 2015) Transport sector represents approximately 25 % of total greenhouse gas 

emissions in Danish economy (Birch Sorensen et al., 2015). Road transport was the main source of 

emissions from transport sector and other mobile sources in 2015 (86 %). Hence, a need for radical 

emission reductions is recognized. However, with current development Nielsen et al., 2014 expects road 

transport emissions to be almost constant for the period of 2015 to 2025. By 2050, new, fuel sources are 

needed and electrification is considered essential for inland short-distance transport. For heavy vehicle 

transport, long distances, maritime and air transport, biofuels are expected to have a significant role as 

electrification may not yet be technically feasible solution. Agriculture is a substantial sector in Danish 

economy, and greenhouse gas emissions account for around 20 % of total Danish emissions. Further 

substantial emission reductions are needed but at the same time, biomass production from agriculture 

sector contributes to transforming from fossil fuels to renewables in transport and energy. (Nielsen et al., 

2014; Birch Sorensen et al., 2015) Finally, Buildings are identified as one of the most important sectors 

regarding greenhouse gas emissions. Ambitious measures have been made throughout the years to 

improve energy efficiency of the sector and Denmark is world leader in buildings’ energy efficiency 

(Gravgard, Olsen, and Rormose Jensen, 2009). 

Climate policies in Finland 

In Finland, a national energy and climate roadmap to 2050 was published in 2014 and a national energy 

and climate strategy until 2030 in November 2016. (Finnish Ministry of Employment & the Economy, 

2014; “Valtioneuvoston selonteko kansallisesta energia-ja ilmastostrategiasta vuoteen 2030”) The main 

policy framework aims at increasing renewable energy use to over 50% by 2020. By 2050, target is to 

reduce greenhouse gas emissions by 80 % compared to 1990s levels (IEA, 2016b). Utilization of 

agricultural, municipal and industrial side streams will be further promoted in heat, electricity and 

transport fuels production. By 2030 use of imported oil will be halved. Additionally, Finnish Ministry of 

Employment & the Economy, 2014 states Finland aims to give up coal by 2030. However, coal will have a 

role in ensuring energy supply in cases where there is not enough domestic fuels available 

(“Valtioneuvoston selonteko kansallisesta energia-ja ilmastostrategiasta vuoteen 2030”). 

In general, the use of wood-based energy is particularly large in Finland and the importance of wood 

biomass is emphasized. The aim is to produce large share of wood based renewable energy from other 

wood use side streams. In case of biogas, the aim is that the production and use increases substantially 

and there will develop new Finnish business. Politically, Finland aims at driving and improving the use 

and subsidies for biogas. 

In the latest strategy publication, starting point for Finland’s greenhouse gas emission mitigation is 

European Commission effort-sharing decision. According to EC decision, this would mean reaching 20 

Mton emissions level for Finland by 2030. This equals to 37 % total reduction. It is estimated in national 

strategy that measures presented in current plan are expected to be sufficient to reach these targets. 

(“Valtioneuvoston selonteko kansallisesta energia-ja ilmastostrategiasta vuoteen 2030”) However, a new 

climate law act came into force in 2015 and sets a target to reduce emissions by at least 8 % by 2050 from 

1990 levels. Especially so called mid-term plans include sector level reduction targets and plans. Sectors 
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mentioned are traffic, agriculture, heating of buildings, waste management, fluorinated greenhouse gases 

and work machines. (“Valtioneuvoston selonteko kansallisesta energia-ja ilmastostrategiasta vuoteen 

2030”) 

For Electricity, six potential fossil electricity grid mix compositions for year 2050 are identified by 

Finnish Ministry of Employment & the Economy, 2014. The share of nuclear energy varies between 10 

TWh to over 50 TWh, Hydro power is forecasted to provide approximately 20 TWh, wind power between 

10 TWh to 30 TWh and district combined heat and power around 20 TWh. Transport sector accounts for 

approximately 40 % of emissions included in effort-sharing. Estimated measures to reduce 

environmental impact are increasing energy-efficiency of traffic system, resulting in approximately 1 

Mton emission reduction annually. Increasing energy efficiency of vehicles could lead to 0.6 Mton 

reductions annually. In road transport, Finland has set a target of biofuels counting for 30 % of total 

energy content by 2030, which is in accordance with EU wide target of minimum 27 %. The aim is to 

provide increased demand with domestic developed biofuels. It is estimated that by 2030, there is a need 

for 600 000 toe/a additional capacity. Raw materials and technologies mentioned are different wastes, 

residues and especially forest industry lignocellulose. Investment estimate is 1.5 billion euros. 

Additionally, it is estimated that research and development investment demand to reach set targets is 40-

50 million euros in coming years. Buildings share is on average 38 % of final energy use in Finland. For 

building sector, emission mitigation efforts are reported to consist of more efficient land use planning, 

energy-efficiency improvements, maintenance activities, material efficiency and increased use of 

renewable energy. (Parlamentaarinen energia- ja ilmastokomitea, 2014) In Finland, forests represent a 

significant emission sink of annually between 30 % to 60 % of total emissions. Hence, emission sink 

policies consisting of forests and land use are high on political climate agenda. Target is to increase wood 

use in manufacturing and energy production to 80*106 m3 by 2030 which would represent 13 to 20 Mton 

CO2 eq. (Finnish Ministry of Employment & the Economy, 2014) 

Climate policies in Sweden 

Already in 2008, Sweden has set a target of reaching zero net greenhouse gas emissions by 2050 

(Regeringskansliet, 2008; Swedish Environmental Protection Agency (SEPA), 2012a). In report by 

Swedish Environmental Protection Agency (SEPA), 2012a, several scenarios to reach this target are 

represented. Report highlights three key actions: significant emissions reductions, increased carbon-

uptake by forest sector and investments in buying emission-quotas to reduce emissions abroad. Current 

Swedish policy targets pursue reaching CO2 eq concentration in the atmosphere to 400 ppm. (Swedish 

Environmental Protection Agency (SEPA), 2012a) Hence, reaching this ambitious target depends strongly 

on defined reporting and calculation methods for greenhouse gas emissions. Moreover, in 2016 progress 

report The Swedish Environmental Protection Agency (Swedish Environmental Protection Agency 

(SEPA), 2016) evaluates that when consumption based emissions (exports/imports) are considered, 

greenhouse gas emissions have not decreased in Sweden during 2000s. Hence, Swedish Environmental 

Protection Agency (SEPA), 2016 reports that set climate targets cannot be reached with current (existing 

and approved) measures and instruments. So far, energy and carbon dioxide taxes have been main policy 

instruments for emission mitigation in Sweden. Besides, EU ETS has a great impact on industrial sectors. 

Also in Sweden, transport sector causes significant part of annual GHG emissions. Since transport is not 

covered in EU ETS, the main policy instruments for mitigating impacts are research and development of 

novel fuels and transport patterns. (Ministry of the Environment Sweden, 2014). The need for still more 

stringent national goals combined with international cooperation is addressed. 

For Electricity sector, Sweden has not set quantitative targets on electricity grid mix composition by 

2050. Of renewable energy sources, Hydro power is assumed to remain at the current level providing 

approximately 60 TWh energy in 2050. Wind power and solar photovoltaics are expected to increase 

significantly to around 30 TWh and 10 TWh, respectively. (Swedish Environmental Protection Agency 

(SEPA), 2012b) In studied Swedish references, electrification especially in tra c is expected to have 
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significant impacts on Swedish emissions. (Swedish Environmental Protection Agency (SEPA), 2012b; 

Regeringskansliet, 2016a; Regeringskansliet, 2016b) 

In 2016, Regeringskansliet published The Cross-Party Committee on Environmental Objectives 

suggestions on a new climate goals regarding Transport sector. Recommendations states by 2030, 

emissions from domestic transport is to be reduced by 70 % compared with the level in 2010. Previously, 

no quantified emissions targets for the transport sector had been set. For Swedish objectives, the most 

significant sectors for long-term climate policies are transports, machinery, industry, housing, agriculture 

and forestry. Sweden’s ambition to be a leader in climate adaptation should be an overarching objective 

for industrial and innovation policy. However, regarding substantial Industry sectors in Sweden, Swedish 

Environmental Protection Agency (SEPA), 2012b estimates that with current policy measures, industry 

emissions remain approximately at the same level until 2050 as they are today. Emissions from mining, 

metal industries, refineries and mineral industries are expected to rise in line with production increases. 

However, pulp and paper industry emissions are expected to decrease due to further transition into 

renewable energy. 
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3.1.3 Environmentally Extended Input-Output Analysis 

Background for Input-Output Analysis 

Input-Output Analysis is a common and well-established economic tool for presenting the value of 

transactions between different sectors in economy (Eurostat, 2008a; Schaffartzik et al., 2014). In other 

words, Input-Output analysis is a mathematical tool for converting production data to consumption based 

data (Gravgard, Olsen, and Rormose Jensen, 2009). 

IOTs are based on national Supply-Use Tables (SUT), representing product by industry trade within a 

nation. Supply-use tables are a basis for national GDP calculations. The basic concept of supply-use tables 

is presented in Figure 3.3. There are four types of tables; use tables, supply tables, direct requirements 

tables and total requirements tables. 

 

Figure 3.3: Schematic presentation of the Supply-Use matrix framework 

The basic principles in constructing a supply-use table is to comply with two basic accounting 

identities (Timmer et al., 2012): 

1. Total supply for each product category must equal total use: 

 Supply of products can either be from domestic production or from imports. 

 

2. The total value of inputs in each industry sector (including intermediate products, labour and 

capital) must equal total output value: 

 For each industry sector, the total value of output is equal to the total value of inputs. 

 Total value of inputs comprises of sum of value added (VA) and intermediate use of products. 

 

From rectangular product by industry supply-use tables, square input-output tables (IOT) representing 

industry by industry trade can be derived. Input-output tables describe how industries are interrelated 
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by presenting monetary transactions between industry sectors. These transactions mean purchases and 

sales of products and include relevant goods, services and capital goods. In EU, Eurostat produces IO 

tables regularly. In 2008, the resolution was to cover 60 sectors. (Eurostat, 2008a) Therefore, input-

output data is up-to-date, readily available and reliable. 

The basic assumption in IO model is that each industry sector consumes products of other sectors in fixed 

ratios. (Eurostat, 2008a; Timmer et al., 2015) Schematically, inputs required for each sector and product 

category are presented in vectors forming the columns of use matrix. Hence, the supply from industry and 

product sectors are presented in row cells in the same matrix. With this assumption of linear technology, 

an mxm matrix A is defined. Each column of A represents separate industry sectors and its output in 

monetary terms. The rows represent inputs to each sector. A is called technology matrix and represents 

production side. (Eurostat, 2008a; Kitzes, 2013; Schaffartzik et al., 2014; Malik et al., 2014; Timmer et al., 

2015) 

 

Figure 3.4: Schematic presentation of the Input-Output tables 

In the demand side final consumption and related exports are represented with y. Further, x denotes the 

total industry output (Eurostat, 2008a). The second basic assumption of IO model is market balance, and 

therefore it is possible to state that 

𝑥 = 𝐴𝑥 + 𝑦 

from where it is possible to calculate the total domestic industry output 

𝑥 = (𝐼 − 𝐴)−1𝑦 

Where (I-A)-1 is the so-called Leontief inverse (Eurostat, 2008a). With the same linear technology 

assumption, environmental extensions are associated proportional to the output of industry in question. 

To do so, a qxm matrix B is defined. B represents the amount of included emissions and natural resources 

used to produce one unit monetary output of that industry sector. B is referred as intervention matrix. 

Finally, the total emissions and natural resources used to satisfy a given final demand y is calculated by 

𝑚 = 𝐵(𝐼 − 𝐴)−1𝑦 

Here, vector m is the total domestic direct and indirect environmental burdens. With diagonalizing y it is 

possible to represent environmental burdens as M matrix (dimensions qxm) so that each column 

represents environmental burdens related to corresponding final demand category. (Eurostat, 2008a; 

Timmer et al., 2015) 
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Environmental Extensions for Input-Output Analysis 

Environmental extensions to IOA (EEIOA) were also developed by Wassily Leontief in 1960s. EEIOA is 

used to evaluate the relation between economic activity and resulting downstream environmental 

impacts. (Kitzes, 2013). Environmental extensions are typically variables and indicators expressed in 

physical units and then juxtaposed to the monetary IOA framework (Timmer et al., 2012). Generally, in 

order to integrate environmental data to IO-tables, information about primary resource use, and relevant 

emissions of minimum 20-30 substances affecting environmental phenomena of interest are required. 

Typically, these environmental phenomena include global warming, eutrophication, ozone depletion, 

photochemical oxidant formation and if possible, land use. (Eurostat, 2008a; Timmer et al., 2012; 

Schaffartzik et al., 2014) 

By far, energy use and related emissions have been the most straightforward environmental extension to 

include to IO-models because of the available detailed links between energy input expenditure and 

physical units. Besides, reporting obligations from IEA framework and UNFCCC have made possible broad 

data availability of these accounts. (Timmer et al., 2012) 

For environmental extensions, two type of data is required: for input side the resource and material use 

and for the output side the emission data. Traditionally, emission data for IOA purposes need to be 

estimated. For constructing environmentally extended input-output analysis, data can be collected and 

derived from sources such as Eurostat, Faostat and Aquastat. (Eurostat, 2008a) These sources provide 

updated, global country and/or sector level data on emissions, water and land use. 

With EEIO-tables it is possible to calculate environmental impacts and effects from numerous 

perspectives, for example per economic sector, per final product or specific natural resource. Raw data 

required for EEIOA are measurement of the direct environmental impacts associated with each sector 

and a balanced input-output table (Kitzes, 2013) For EU Member States, it is voluntary to produce 

NAMEA environmentally extended tables - containing 10-20 emissions to air. In 2008, emissions to water 

and soil as well as resource use were largely missing. (Eurostat, 2008a) 

Applicability of EEIOA 

Several applications have been recognized for EEIOA models. These include integrated product policy, 

sustainable consumption and production, monitoring and decoupling, impacts of technical changes and 

impacts of policies. (Tukker et al., 2006) Besides, Wood et al., 2015 mention raising awareness about the 

indirect impacts of consumption of consumers. However, one can argue whether it is possible to 

accurately link monetary values to environmental impacts of interest considering the vast heterogeneity 

of impact sources.  

However, EEIOA provides the possibility for assessing impacts with global dimension and are especially 

useful for studying medium and long-term impacts of major policy changes and reallocation across 

sectors (Chateau et al., 2011). Besides, availability of large-scale databases and up-to-date accounting 

about national and international trade tables are a major beneficial starting point for such assessments. 

Additionally, EEIOA provides a good overlook on importance of different sectors in environmental 

pressure perspective. 

Ideally, IO based tools and databases would cover the entire globe, with up-to-date timeseries, have high 

resolution of sectors and products, and transparent and consistent methodology for environmental 

extensions. (Tukker and Dietzenbacher, 2013; Lenzen et al., 2013a; Gibon et al., 2015) This is an 

ambitious goal and clearly, challenges occur in several aspects. First, data availability and uniformity have 

been recognized as a key challenge. Trade and economic data is relatively readily available, but for 

environmental extensions modeling based on estimates is required. (Lenzen et al., 2013a) Additionally, 

there is a well-recognized issue with classification and diversity when grouping industrial sectors and 

especially products. Furthermore, homogeneous prices assumption in EEIOA may be significantly biased. 
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(Schaffartzik et al., 2014; Timmer et al., 2015) For instance in case of electricity primary industries 

typically pay less than private consumers. (Schaffartzik et al., 2014) Finally, one major limiting factor is 

the complexity and required computational capacity needed. (Lenzen et al., 2013a) 

One analysis application of EEIOA is the possibility to apply time-series data. Then, it is possible to 

analyze decoupling of environmental impacts from economic growth and for example natural resource 

use. With EEIO structure, it is possible to analyze sector-wise the most contributing factors for 

decoupling. In general, the usability and application potential of IOA lies in computational flexibility and 

simplicity. With increasing modeling and computing capacities, IOA can be important tool in combining 

different types of data and large datasets for broad and complex analysis. 

Finally, with sophisticated, up to date data and indicators, the structure of the EEIO may enable analyzing 

all economic, environmental and social aspects of sustainability (United Nation, 1987) comprehensively 

for entire societies. 

On the other hand, the major drawback of IOA models in environmental extension perspective is the 

amount of data manipulation. By today, no universal accounting methodology is established and 

differences occur regarding for instance sector disaggreation. This makes tracking of uncertainties and 

error calculations challenging.  
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EEIO Databases 

Three multi-regional Input-Output (MRIO) databases with environmental extensions, EORA, Exiobase and 

WIOD are presented (Tukker and Dietzenbacher, 2013). The aim is to obtain overview of the specific 

features and common approaches in different databases available for large scale EEIOA. 

EORA 

EORA is a MRIO database with high sector and country resolution. Target has been to modify data as little 

as possible, to achieve as transparent model as possible. Besides, EORA is characterized with a high level 

of procedural standardization, automation and data organization. (Lenzen et al., 2013a; Lenzen et al., 

2012) Tukker and Dietzenbacher, 2013 evaluates EORA to have the most disaggregated products and 

sectors. However, industry classifications for example for agriculture and energy sector are relatively 

aggregated which decreases the applicability for accurate and precise environmental impact assessment 

in indicators such as land use, water use and resource use. (Tukker and Dietzenbacher, 2013) On the 

other hand, EORA is the only database that evaluates uncertainty of used estimates. 

Figure 3.5 (Lenzen et al., 2013b) illustrates how EORA tables are constructed. Figure 2.6 shows the 

different layers of MRIO: domestic industry-industry transactions, primary inputs or the so-called value 

added of each sector, imports and exports and final demand. For instance, environmental extensions are 

integrated to the tables as non-monetary inputs or satellite accounts. 

 

Figure 3.5: Structure of EORA database 

EXIOBASE 

Exiobase database began with the target to quantify multi-regional environmental impacts and resource 

use. Exiobase v1 was released in 2012 as a deliverable of EXIOPOL (“A New Environmental Accounting 

Framework Using Externality Data and Input-Output Tools for Policy Analysis”) project (Kuenen et al., 

2013). The first version was based on year 2000 data, covered 129 industry sectors and 129 products in 

44 regions. (Koning, Heijungs, and Tukker, 2011) The second, refined version called Exiobase v2 was 

released in 2014 and based on data of year 2007. (Wood et al., 2015) Exiobase is divided into 163 

industry sectors, and in total 200 product sectors. 

Figure 3.6 (EXIOBASE2 MR IOT) is a conceptual representation of Exiobase database. Database consists of 

domestic trade within one region and bilateral trade between two regions. Environmental extensions 
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include environmental intensity factors for each sector; emissions, resource and materials use for regions 

and final use categories. (Koning, Heijungs, and Tukker, 2011) Database includes a storage facility for the 

single country supply-use data, the storage of the international supply-use table (interlinked supply-use 

table) and the storage of the international input-output table (interlinked country input-output tables) 

(Koning, Heijungs, and Tukker, 2011). 

 

Figure 3.6: Conceptual representation of Exiobase database 

The raw data used for constructing Exiobase database are national supply-use tables. Different supply-

use tables are harmonized and transformed into international input-output tables. Hence, Exiobase tables 

are rectangular instead of square Supply use tables. This enables to represent technologies with multiple 

products, such as an oil refinery. The clearest limitation of Exiobase is the lack of temporary dimension. 

(Wood et al., 2015) 

Exiobase is constructed with a strong international trade perspective. After data harmonization, 

emissions and resource extraction are estimated by industries as satellite accounts. Environmental 

extensions included in Exiobase are emissions of CO2, CH4 and N2O. Koning, Heijungs, and Tukker, 2011 

addresses Exiobase to be applicable tool for research questions such as “how much CO2 emissions arise in 

India from steel consumed in the Netherlands” or “which product group has the highest water use in the 

UK”. Category selection and data harmonization in Exiobase makes it possible to trace also waste and 

recycling flows. (Wood et al., 2015) 
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In 2015, De Koning et al. conducted a study using Exiobase database with the aim to answer whether 

feasible and probable technology development alone can reduce CO2 emissions so that maximum 2°C 

temperature increase target can be reached. 

Model by De Koning et al. has no climate feedback mechanisms, no investment functions, no optimization 

and no learning curves. Their model explicitly focuses on introducing technological development with 

specific input, output and emission coefficients. Three different scenarios for the year 2050 were 

constructed: 

1. Business-as-usual (BAU) considering population, economic growth and technology efficiency 

improvements 

2. Techno-scenario (TS) where feasible and probable climate change mitigation technologies were 

added to BAU scenario 

3. Towards-2-degrees scenario (T2DS) considering the demand shift to achieve a 2°C 

De Koning et al., 2015 state that ”the 2C target seems di cult to reach with advanced CO2 emission 

reduction technologies alone.” Modeling resulted in CO2 emissions reduction to around 11 Gt in 2050 

which is roughly 50% reduction to 1990 levels or 60% reduction to 2000 levels. 

WIOD 

The World Input-Output Database (WIOD) is a substantial database containing annual timeseries of world 

IO-tables from 1995 to 2011. Drivers for developing WIOD were to study the effects of globalization on 

trade trends, environmental pressures and socio-economic development related to these trends. The 

database covers 27 EU countries and 13 other major countries in the world. (Timmer et al., 2012; Arto, 

Rueda-Cantuche, and Peters, 2014) A first version of the World Input-Output Database was constructed 

within the official WIOD Project, funded by the European Commission as part of the 7th Framework 

Programme, Theme 8: Socio-Economic Sciences and Humanities. This project ran from May 2009 and 

ended in April 2012. The database was officially launched in 2012. Database has been constructed based 

on national accounts (Intersecretariat Working Group on National Accounts (ISWGNA), 1993,2010). 

(Timmer et al., 2015) Data used for creating WIOD are officially published IO-tables merged with national 

accounts data and international trade statistics. In total, WIOD is constructed around 59 product groups, 

35 industry sectors, households and 5 auxiliary sectors. The classification used for industries is the 

‘General Industrial Classification of Economic Activities within the European Communities’ (NACE) 

(Timmer et al., 2012). Final industry sectors covered in WIOD database are presented in Appendix A. 

Environmental Accounts in WIOD 

The main focus in WIOD sector-level breakdown of environmental indicators has been in energy use and 

air emissions. Database also includes materials extraction, water and land use indicators. In WIOD, air 

emission accounts consist of two datasets: sector level CO2 emissions (in 1000 tonnes) and other air 

pollutants emissions (in tonnes) by sector level. Other pollutants included are N2O, CH4, NOx, SOx, NH3, 

NMVOC and CO. (Timmer et al., 2012; Skånberg et al., 2016; Arto, Rueda-Cantuche, and Peters, 2014) Data 

for environmental accounts of WIOD is from several sources. Primary and public energy account data was 

used for Austria, Denmark, Germany, The Netherlands, Australia and Canada. For EU Member States, air 

emissions data is obtained from Eurostat dataset NAMEA-Air (Eurostat, 2015). Hence, for most countries 

included in WIOD database, energy use related data is from IEA energy balances (Mandil, 2005). 

EEIOA and future scenarios 

Based on studied EEIO databases and future scenarios, it is observed that to identify the relevant sectors, 

industries and/or products is key step when applying EEIOA to future scenarios. This identification stage 

depends on the structure of the selected EEIO database (Timmer et al., 2012; Koning, Heijungs, and 

Tukker, 2011; Tukker et al., 2006), which should have such a sector disaggregation that serves the 

purpose of scenario construction. With a well-defined and justified selection, it is possible to assign 

changes from the studied phenomena to relevant sectors and analyze impacts on sectoral level. For 
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instance, “Nordic Energy Technology Perspectives 2016” addresses Electricity, Transport, Industry and 

Buildings sectors as the most significant regarding emission reduction targets. Also “Prosperous living for 

the world in 2050: insights from the Global Calculator” raises Manufacturing, Transport and Buildings as 

the three largest ”entities” for energy demand in 2050. 
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3.1.4 Life Cycle Assessment 

In this section, Life Cycle Assessment (LCA) is shortly presented to clarify the methodological differences 

and potential synergies between LCA and EEIO. Currently, both methods are commonly used for 

quantitative sustainability assessments with different applications. Life cycle assessment (LCA) aims at 

capturing potential environmental impacts throughout the whole supply chain of a product or system. 

Life cycles included in LCA are typically Raw materials extraction, raw materials production, 

manufacturing, use stage, end-of-life and transport (European Commission - Joint Research Centre - 

Institute for Environment and Sustainability, 2010; European Commission -Joint Research Centre, 2010). 

LCA is a well-established, standardized and scientifically sound method (European Commission - Joint 

Research Centre - Institute for Environment and Sustainability, 2010) that is traditionally applied to 

quantify environmental impacts from a specific product systems (Hellweg and Canals, 2014). However, 

LCAs have expanded to cover entire product portfolios and supply chains and used as a decision-help tool 

for corporations and decision-makers. Thoroughly conducted LCA can pinpoint the key environmental 

aspects to focus on. Like EEIOA, LCA is an iterative process which results strongly depend on the defined 

study goal and scope. Figure 3.7 illustrates the main stages of LCA process. 

The first phases in LCA are goal and scope 

definition. (European Commission - Joint 

Research Centre - Institute for 

Environment and Sustainability, 2010; 

Hellweg and Canals, 2014) Here, system 

boundaries are set and decisions on for 

example which stages of system life cycle 

are considered. The next stage of LCA is Life 

cycle inventory (LCI), where emissions and 

resources consumed during product life 

cycle are collected and documented 

(European Commission -Joint Research 

Centre, 2010). Different data sources are 

used to obtain most accurate results. 

Different options are primary data, general 

databases, literature, and expert judgments. 

Next, emissions and resources are grouped 

according to their impact categories. This is 

so called Life cycle impact assessment 

(LCIA) phase. (European Commission -Joint 

Research Centre, 2010).  

First, so called mid-point impact indicators 

are calculated. Typically considered 

indicators are climate change, ozone 

depletion, eutrophication, acidification, human toxicity, respiratory inorganics, ionizing radiation, 

ecotoxicity, photochemical ozone formation, land and resource use. Including comprehensive amount of 

broadly studied indicators is one of the advantages of LCA. However, large number of indicators 

simultaneously makes analysis of the results more complex. 

To simplify LCIA results, midpoint results can be grouped into so called end-point indicators or areas of 

protection, which are Human health, Natural environment and Natural resources (European Commission 

-Joint Research Centre, 2010; European Commission - Joint Research Centre - Institute for Environment 

Figure 3.7: Conceptual LCA framework European Commission - Joint 
Research Centre - Institute for Environment and Sustainability, 
2010 
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and Sustainability, 2010). Several modeling principles are available for assess these generally accepted 

impact categories.  

One distinctive difference between EEIOA and LCA is that typically in EEIOA, results from the 

environmental interventions are not transformed into environmental impacts or damages. (Eurostat, 

2008a) Final stage of LCA is the interpretation of the results. Here, results are analyzed to reviewed to 

answer the pre-defined research questions. 

3.1.5 Hybrid models 

To improve the analytical power and accuracy of the quantitative sustainability assessments, research is 

ongoing to integrate the advantages of EEIO and LCA. Traditionally these methods have had different 

fields of applications, LCA focusing on detailed impacts from specified product or service and EEIO on 

larger systems with potentially limited accurate data and indicators. 

There are several ways to expand traditional product-based LCA to cover large systems. For example, 

Urban Metabolism LCA (UM-LCA) (Goldstein et al., 2013) has been presented as a tool for assessing 

environmental impacts of cities. Besides, consumption profiles of Danish citizens have been studied based 

on Personal Metabolism, and presented as estimated Personal Impact Profiles (PIPs) (Kalbar et al., 

2016a) 

An example of integrating LCA features to EEIO is a study by Gibon et al., 2015. Research focused on 

assessing large systems’ adoption of climate change mitigation measures with several scenarios. A 

THEMIS (technology hybridized environmental-economic model with integrated scenarios) method was 

presented. THEMIS combines life cycle inventory data and modifies input-output databases. Model was 

designed in four steps: 

1. Implementation of technological efficiency improvements of key sectors to create separate tables 

for studied time steps. 

2. Adjustment of background databases to represent production in the model years 

3. Life cycle inventories for foreground processes were compiled. Electricity generation was 

assumed to be the most contributing in climate change mitigation scenarios and therefore 

modeled specifically. 

4. Foreground LCI were linked back to background system 

In THEMIS, life cycle inventory data for foreground and background systems are added to technology 

matrix A so that the modified technology matrix has the following form 

 

Where index f stands for foreground processes, p for background processes and n for sectors of the 

traditional IO system. Besides, the characterization factors from LCA methodology are arranged as matrix 

𝐹𝑡 = [𝐹𝑓,𝑡   𝐹𝑝,𝑡   𝐹𝑛,𝑡] 

Afp,t is a matrix of coefficients of flows from foreground system to physical background process p in year t. 

In other words, process-to-economic flows are included in Apn matrix and process-to-economic flows are 

included in Anp matrix. Finally, vector dt representing the environmental impacts at year t presents the 

impact assessment results: 

𝑑𝑡 = 𝐶𝐹𝑡(𝐼 − 𝐴𝑡)−1𝑦𝑡 = 𝐶𝐹𝑡𝑥𝑡  
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3.1.6 Absolute sustainability 

The original definition of sustainable development, as defined in the Brundtland report (United Nations, 

1987) leaves room for interpretation and is qualitative by nature. In addition, despite the reported energy 

efficiencies, resource use and emission mitigations (IEA, 2016; OECD, 2015), the total global 

environmental pressure is increasing. (NASA, 2017; NOAA/ESRL, 2014) Therefore, defining quantitative 

thresholds for key sustainability and environmental indicators have been of great interest within 

scientific community. The concept of absolute sustainability can be interpreted as an approach that it is 

possible to assess whether given system is sustainable or not. (Bjørn et al., 2015)  

In 2009, Rockström et al. proposed a comprehensive framework that attempt to quantify the 

sustainability limits of the Earth System and defining the safe operating space for the humankind.  This 

widely referenced framework proposed seven quantified planetary boundaries. In addition, two 

boundaries were identified where sufficient scientific data do not yet exist to set a quantified boundary 

threshold. Within these boundaries, it is expected to be safe to operate without risking to trigger abrupt 

and potentially irreversible environmental changes. Defined boundaries are set upstream of identified 

threshold values. With this approach, researchers account for the uncertainties in calculations and aim at 

providing societies time to react to warning signs. (Steffen et al., 2015) 

Besides being complex and dynamic by nature, there is also a normative and societal challenge in setting 

such thresholds. Firstly, it is arguable what is considered as acceptable anthropogenic environmental 

change. Furthermore, such thresholds depend on the risk societies are willing to take and how resilient 

impacted communities would be. (Rockström et al., 2009) 

Quantified planetary boundaries were presented for the following Earth System processes: Climate 

change, Ocean acidification, Stratospheric ozone depletion, interference with biochemicals flows of 

phosphorus and nitrogen cycles, Global freshwater use, Land system change and Biodiversity loss. The 

two additional defined processes were Chemical pollution and Atmospheric aerosol loading. In 2009, 

Rockström et al. concluded that humankind had exceeded three of the seven quantified boundaries: 

Climate change, Biochemical flow for nitrogen cycle and the rate of Biodiversity loss. 

 

Figure 3.8: Updated status of the planetary boundaries by Steffen et al., 2015 
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In 2015, updates to planetary boundaries were published in a research by Steffen et al., 2015. The current 

state of discovered planetary boundaries can be seen in Figure 2.9. It was discovered climate change, 

stratospheric ozone depletion and ocean acidification have remained practically unchanged from the 

release in 2009. Biodiversity loss boundary was replaced with regional-level Biosphere integrity with 

globally aggregated boundary and two sub-indicators Genetic diversity and Functional diversity. With 

this change, it was found that Genetic diversity of Biosphere integrity boundary is far exceeded while no 

quantified boundary for functional diversity has been established. 

In case of Biochemical flows, regional-level boundaries for nitrogen and phosphorous cycles were further 

developed. It was found that when globally aggregated, both cycles have exceeded sustainable boundary 

levels. Regional-level boundaries were also developed for Land-system change and Freshwater use. 

Regarding these indicators, mankind still operates within the boundary levels. In addition, research 

continues to set regional-level boundaries for Earth System processes regarding Atmospheric aerosol 

loading. Currently, quantified regional boundary has been established for only South Asian Monsoon. 

Finally, Chemical pollution boundary had been renamed to Introduction of novel entities to emphasize the 

impact of human influence and technology to the Earth System. It was argued that chemical pollution 

alone is not sufficient indicator of the potential risks to Earth System for instance micro-plastics, 

radioactive materials and nanomaterials may cause. 

Planetary boundaries are set based on three defining factors; i) The scale of anthropogenic action in 

relation to the Earth capacity to sustain it , ii) Work on understanding the Earth System processes in light 

of sustainability science and iii) the framework of resilience and how it is related to complex dynamics. 

Noteworthy in these proposed boundaries is that thresholds in key Earth Systems are independent of 

anthropogenic actions, values and political decisions. (Rockström et al., 2009) 

However, scientific knowledge of Earth System is still limited. Therefore, large inherent uncertainty exists 

in defined planetary boundaries. These uncertainties include for instance intrinsic behavioral 

mechanisms of biophysical systems and potential feedback systems. (Rockström et al., 2009; Steffen et al., 

2015) 

Based on planetary boundaries, currently the most critical environmental processes disturbed due to 

anthropogenic activities are Biochemical flows of nitrogen and phosphorous cycles, Biosphere integrity, 

Climate change and Land-system change. However, only Climate change is in the scope of this study. 

Climate change was selected for two main reasons. Primarily, there is readily data available for 

greenhouse gas emissions and secondly, Climate change is in the focus of political decision-making. 

In this study, absolute sustainability in terms of climate change is based on suggested boundary value of 

350 ppmCO2 (Rockström et al., 2009). Different CO2 concentration levels in the atmosphere relate to 

probabilities of global climate warming. For instance, there is over 67% probability to stay below 2°C 

climate warming if CO2 concentration levels to 400 ppm. In other words, reaching a higher concentration 

level of 450 ppm would mean that global warming would settle somewhere between 1.4 and 3.12°C. 

(Swedish Environmental Protection Agency (SEPA), 2012b; Shine et al., 1990) 

It needs to be noted, that CO2 concentration is a proxy measure for radiative forcing, because climate 

change depends on the emissions and impacts of all greenhouse gases. Radiative forcing describes how 

shortwave radiation from the Sun is absorbed and emitted by the Earth atmosphere. (Shine et al., 1990) 

Selected threshold is based on three arguments (Rockström et al., 2010): 

1. Equilibrium sensitivity of climate to greenhouse gas forcing based on paleo-climatic data 

presented by Hansen et al. (2008). 

2. Recognizing CO2 concentration as the main cause for climate conditions by analyzing 

atmospheric, cryospheric, sea-level and climatic data from last 65 million years. 
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3. Observations of the current climate, indicating that climate is moving out of natural variability 

characteristics. 

Proposed concentration in the atmosphere is set below all known tipping elements thresholds related to 

Climate change. Such tipping elements are known sub-Earth System scale impacts with different 

sensitivities to climate change. Examples of the most sensitive tipping elements for climate change are 

Arctic summer sea-ice and Greenland ice sheet. Other examples are Indian summer monsoon, Atlantic 

thermohaline circulation and Boreal forests. (Lenton et al., 2008; Rockström et al., 2009) 

In 2015, the mean CO2 concentration in the atmosphere was 399.41 ppm with a mean growth rate of 2.96 

ppm/yr (Dlugokencky, Tans, and NOAA/ESRL, 2014). Based on paleo-climatic data from 65 million years 

ago to the present day, CO2 levels have been recognized as the key determining factor for global climate 

condition. Above 450 ppm(±100ppm) levels, Earth was largely ice free. (Rockström et al., 2009) 

Absolute sustainability in quantitative sustainability assessments 

Quantified threshold levels for Earth System processes are still new and more research is continuously 

needed. Hence, traditionally also quantitative sustainability assessments (either LCA or EEIOA) have 

lacked the possibility to compare calculated results to threshold levels. Without a defined threshold limit, 

it can be impossible for policy-makers and people not in quantitative sustainability field to set such 

research results to perspective or analyze potential impacts. Hence, there is a need to link knowledge 

from presented planetary boundaries also into quantitative sustainability assessments to assist decision-

making processes. 

Lately, attempts have been made to integrate quantitative absolute sustainability values to LCA studies, 

for instance as weighing factors (Tuomisto et al., 2012) and in the normalization step (Bjørn and 

Hauschild, 2015), both basing on the work of Rockström et al., 2009.  

Absolute sustainability refers to a global or regional scale features of the Earth System, as in Planetary 

Boundary framework. For operationalizing the defined quantitative thresholds for given studied system, 

carrying capacities are used as absolute sustainability references and measures. (Bjørn and Hauschild, 

2015) Bjørn and Hauschild, 2015 defined carrying capacity as ”the maximum sustained environmental 

intervention a natural system can withstand without experiencing negative changes in structure or 

functioning that are difficult or impossible to revert.”  

Based on Steffen et al., 2015, Rockström et al., 2009, Bjørn and Hauschild, 2015 and Tuomisto et al., 2012, 

defining a carrying capacity depends on two factors: model for the studied environmental process and 

allocation/weighing criteria. In case of Climate change, total energy balance, radiative forcing and 

greenhouse gas concentrations are the most accurate measures of state of the Earth System. (Rockström 

et al., 2010; Shine et al., 1990) However, in practice greenhouse gas emissions are more common way of 

estimating Climate change. Hence, different climate models are needed to represent the pathway from 

measured annual emissions to target atmospheric concentration of CO2 (Shine et al., 1990; Department of 

Energy and Climate Change, 2015) In this study, CO2 emissions data is used for carrying capacity 

calculations. The second factor relates to the normative aspect of defining carrying capacities, the so 

called allocation criteria. In the case study part of the study (section 2.3), national carrying capacities 

related to Climate change are estimated and applied to EEIOA. 
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3.2 Quantitative study 

In the case study, future scenarios for year 2050 were constructed for Denmark, Finland and Sweden 

using an EEIO model. For modeling, WIOD based model by Skånberg et al., 2016 was used and modified.  

Studied Nordic countries were selected for three reasons. Firstly, all countries are included in applied 

WIOD model (Skånberg et al., 2016) and comparative data is available (Timmer et al., 2012). Secondly, 

countries have mature society structures which means in ”business-as-usual” development, no radical 

changes in industrial structures or production are expected (IEA, 2016b). Thirdly, selected countries have 

similar economy structures and particularly Finland and Sweden share common resources. Therefore, it 

was considered that comparing country policies and targets is meaningful and interesting for the 

purposes of this study. 

3.2.1 Case study methodology 

In this study, Skånberg et al., 2016 modification of WIOD EEIO model (Timmer et al., 2012) was used to 

construct the future scenarios. The latest IO-data in this model (Skånberg et al., 2016) was 2009, 

therefore 2009 was set as a reference year for the scenarios. 

WIOD model was chosen because of the limited 35x35 sector disaggeration. For thesis study purposes, 

this limited number of sectors enables analyzing society as a whole and covering all sectors. Applied 

model and IOT tables include both domestic and imported inputs. However, in the studied model, the so 

called domestic technology assumption has been made. This means database does not include data of the 

origins of imports, but domestic emission intensities apply for all trade (Arto, Rueda-Cantuche, and 

Peters, 2014). 

The second reason to choose such aggregated model database was the selected time-frame. Scenarios 

were constructed to represent year 2050, meaning that time-dependent uncertainty is high. Given the 

quality and precision of used data, it was estimated that more detailed assessment would not provide any 

further precision or accuracy to the study. 

Within selected modeling framework, constructed scenarios represent normative backcasting principle 

scenarios (Börjeson et al., 2006; Svenfelt et al., 2015; Gustavsson et al., 2011), more specifically described 

as a transforming scenario (Börjeson et al., 2006). This means a static representation of year 2050 

economy transactions and resulting CO2 emissions was developed. 

The approach for constructing scenarios was to interpret national targets and policies regarding climate 

change into change factors in economies and sectors. With this approach, the aim was to study what 

impacts implementation of national sustainability targets and related changes in economy structure 

could have on national greenhouse gas emissions. Scenarios were constructed as far as possible based on 

national sustainability targets (see section 2.2.2). Sectoral changes in each country were estimated based 

on available data and latest development. For missing data, projections from “Nordic Energy Technology 

Perspectives 2016” CNS scenario were used. 

Case study approach 

“The Economic Consequences of Climate Change” (OECD, 2015) presents four iterative stages for linking 

economic and climate change models: economic model, climate model, impact model and economic 

consequence. Figure 2.10 compares the performed case study stages to the OECD, 2015 approach. In the 

left column, the order of stages performed in this study are presented and the right column illustrates 

“The Economic Consequences of Climate Change” (OECD, 2015) approach.  

First, the economic consequences of national sustainability targets were analyzed for Denmark, Finland 

and Sweden. Secondly, these consequences were interpreted in an economic model, which in this case 

meant alterations to sectoral input and outputs in a WIOD based EEIO model. In the third stage, sector 

level CO2 emissions were studied. Final stage was the impact model, were results were compared with 

calculated carrying capacities.  
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The most significant difference in the approach applied in this study compared to the traditional 

approach was to begin with considering potential Economic consequences. In OECD Environmental 

Outlook to 2050: The Consequences of Inaction scenarios, assessment of the economic consequences is the 

last stage of modeling. 

Figure 3.9: Modeling approach in this study compared to traditional approach presented by OECD, 2015. 

Modeling 

For constructing the scenarios for Denmark, Finland and Sweden, the WIOD based EEIO model (Skånberg 

et al., 2016) modified in this study follows the standard procedure of IOA with following steps (Malik et 

al., 2014): 

1. Augment existing supply-use table with new values. This step causes unbalanced IOT. 

2. Model re-balances the tables. 

3. If needed, trajectory of pre- and post-adjustments on economy. 

4. Quantify the impacts. 

For the first step, similar modeling approach as in Skånberg et al., 2016 was used for this study. For 

instance, in Skånberg et al., 2016 Renewable energy scenario the aim was to model halving the use of 

fossil fuels. Hence, it was modeled that in Sweden, a 50 % decrease of output was defined for sectors 

Mining and Quarrying (C) and Electricity, Gas and Water Supply (E). Capacity released from these sectors 

was equally divided as increases between sectors Agriculture, Hunting, Forestry and Fishing (AtB), Wood 

Products of Wood and Cork (20), Pulp, Paper, Printing and Publishing (21t22), Electrical and Optical 

Equipment (30t33) and Construction (F). Here, Electrical and Optical Equipment (21t22) was defined to 

represent the manufacturing sector for solar power industry. 

Based on literature review and economy structures in reference year (see Chapter 4 for results), four 

most significant sectors regarding greenhouse gas emissions were identified: Energy, Industry, 

Transport and Buildings. However, Buildings is not a specific sector in the EEIO model used in this 

study. Hence, due to the structure of the EEIO model it was not possible to specifically allocate trade 

impacts from greenhouse gas emission mitigation actions related to buildings’ to EEIO model. 

To cover remaining three sectors with EEIOA, a five stage modeling approach was developed. Energy 

sector was divided to electricity and primary energy. Industry and transport were modified as separate 

modeling stages. Finally, EEIO model was balanced between country specific sectors. Adapted approach 
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means five steps of modifications in the EEIO model were performed. Table 3.2 summarizes the approach 

adapted in constructed backcasting scenarios for Denmark, Finland and Sweden.  

Table 3.2 Five step modeling approach applied in the case study 

1. Electricity grid 

 For consistency and due to missing quantifiable targets, national grids modeled based on CNS 

(IEA, 2016b) for all case study countries 

 Increases in demand even out due to efficiency improvements: constant supply and use from 

2009 to 2050 assumed (see Table 3.3) 

 Fossil fuel free electricity grid mixes 

 Wind power capacity increases allocated to Construction (F) sector 

 Solar power capacity increases allocated to Electrical and Optical Equipment (30t33) sector 

(Skånberg et al., 2016) 

2. Fossil primary energy 

 Zero fossil fuels targets by 2050 

 Strategies rely on novel technologies such as Carbon Capture & Storage 

 Impact of price-based instruments (Carbon allowances and taxes, emission trade system ETS) 

 Electricity grid defined to be fossil fuel free, set to 0 

 No replacing raw materials for steel production, output to Basic metals set to 1 

 Outputs to other sectors than Electricity, Gas and Water Supply and Basic Metals were set to 0.2 

3. Industry sectors 

 Production volume increases based on CNS scenario (IEA, 2016b) 

4. Transport 

 Modeled 2.6 % increase (Gustavsson et al., 2011) to all sectors 

5. Allocating fossil fuel replacements 

 Based on approach by Skånberg et al., 2016 

 Giving up fossil fuels creates an unbalanced IOT. Balanced by allocating change in total output 

to selected sectors 

 Denmark: 

o Agriculture (Agriculture, Hunting, Forestry and Fishing) 

o Waste biofuels (Food, Beverages and Tobacco) 

o Electricity (Electricity, Gas and Water Supply) 

 Finland: 

o Agriculture (Agriculture, Hunting, Forestry and Fishing) 

o Wood based biofuels (Wood and Products of Wood and Cork; Pulp, Paper, Paper, 

Printing and Publishing) 

o Electricity (Electricity, Gas and Water Supply) 

 Sweden: 

o Agriculture (Agriculture, Hunting, Forestry and Fishing) 

o Wood based biofuels (Wood and Products of Wood and Cork; Pulp, Paper, Paper, 

Printing and Publishing) 

o Electricity (Electricity, Gas and Water Supply) 
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Baseline and reference year 

Constructed future scenarios focus on climate strategies and their potential impacts on economy 

structures and emissions. In business-as-usual case, no radical changes in economy structures are 

expected for Denmark, Finland and Sweden (IEA, 2016b). Hence, within the scope of the case study, it 

was possible to use reference year 2009 results also as a baseline scenario and point of comparison. 

Also from the EEIO modeling perspective (Skånberg et al., 2016; Schaffartzik et al., 2014; Eurostat, 

2008a), this approach enables analyzing the potential additional economic impacts resulting purely 

from climate strategy policies. 

1. Electricity 

Electricity grid mix changes were selected as the starting point for modeling because of the high 

priority in all countries’ national targets. Denmark, Finland and Sweden all aim at fossil fuel free 

electricity production by 2050. Based on Nielsen et al., 2014; Gravgard, Olsen, and Rormose Jensen, 

2009; Gustavsson et al., 2011; Finnish Ministry of Employment & the Economy, 2014; 

Regeringskansliet, 2016a and IEA, 2016b, countries have potential from technical and political 

perspectives to reach completely fossil fuel free electricity grid by 2050. However, quantified or 

specifically defined national policy targets or scenarios were identified only for Finland (Finnish 

Ministry of Employment & the Economy, 2014). Hence, to consistently quantify these targets, 

Electricity, Gas and Water Supply (E) sector was modified according to “Nordic Energy Technology 

Perspectives 2016” CNS scenario. Despite digitalization and electrification of society, IEA, 2016b CNS 

scenario estimates energy efficiency improvements to outweigh this development so that no major 

changes in electricity demand or generation (Table 3.3) would occur in Nordic region between 2015 

and 2050. Country-specific estimates of electricity grids are presented in Tables 3.4, 3.5 and 3.6. 

Table 3.3: Electricity generation and consumption projections for Denmark, Finland and Sweden (IEA, 2016b) 

  Generation Consumption 

  Reference year 

(TWh) 

2050 

(TWh) 

Change Reference year 

(TWh) 

2050 

(TWh) 

Change 

Denmark 33.96 47.37 39.49 % 32.12 43.21 34.54 % 

Finland  71.83 60.64 -15.58 % 84.04 80.47 -4.25 % 

Sweden 154.09 133.25 -13.53 % 137.89 134.64 -2.36 % 

Total 259.88 241.26 -7.17 % 254.05 258.32 1.68 % 
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Table 3.4: Projected electricity grid mix shares by different fuels in Denmark 

  Denmark   

 2014 

(TWh) 

% of total generation 2050 

(TWh) 

% of total generation 

Oil 0.01 0.04% 0.00 0.00% 

Coal 10.52 30.98% 0.00 0.00% 

Coal with CCS 0.00 0.00% 0.00 0.00% 

Natural gas 4.16 12.26% 6.40 13.52% 

Natural gas with CCS 0.00 0.00% 8.71 18.40% 

Nuclear 0.00 0.00% 0.00 0.00% 

Other fossils 0.00 0.00% 0.00 0.00% 

Biofuels and waste 6.28 18.50% 0.61 1.28% 

Biofuels + CCS 0.00 0.00% 0.00 0.00% 

Hydro 0.00 0.00% 0.00 0.00% 

Solar 0.56 1.65% 0.84 1.77% 

Wind 12.42 36.58% 30.80 65.03% 

Other renewables 0.00 0.00% 0.00 0.00% 

Total generation 33.96 100.00% 47.37 100.00% 

Consumption 32.12 94.58% 43.21 91.22% 

 

In NETP scenarios and national targets, Wind power is projected to be one of the key technologies in 

reaching fossil-fuel free energy production in Nordic countries. In Table 2.7, projections of wind 

power capacity developments are presented. Capacity increases are expected to require new wind 

power installations and therefore modeled to affect construction sector in EEIO model. The second 

most significant renewable energy sources are Hydro power and different Biofuels. Solar power is 

modeled to represent only a minor share of the total electricity production by 2050: In Denmark, the 

share is 1.77% of total electricity production, 0.04% in Finland and 0.07% in Sweden. However, 

compared to reference year 2009, Solar power capacity increases are radical and modeled growth 

factors for Denmark, Finland and Sweden were 49.66%, 3793% and 88.74% respectively. Similarly to 

Skånberg et al., 2016, Solar power capacity increases were modeled to affect sector ”Electrical and 

Optical Equipment (30t33)”. This sector was selected to most closely represent solar power 

composites manufacturing sector. 
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Table 3.5: Projected electricity grid mix shares by different fuels in Finland 

  Finland   

 2014 

(TWh) 

% of total generation 2050 

(TWh) 

% of total generation 

Oil 0.15 0.21% 0.00 0.00% 

Coal 12.46 17.34% 0.00 0.00% 

Coal with CCS 0.00 0.00% 0.00 0.00% 

Natural gas 7.20 10.02% 2.82 4.65% 

Natural gas with CCS 0.00 0.00% 0.00 0.00% 

Nuclear 22.66 31.54% 22.86 37.70% 

Other fossils 5.14 7.16% 0.00 0.00% 

Biofuels and waste 11.82 16.46% 14.15 23.33% 

Biofuels + CCS 0.00 0.00% 0.00 0.00% 

Hydro 11.21 15.61% 12.97 21.39% 

Solar 0.00 0.00% 0.04 0.06% 

Wind 1.19 1.66% 7.80 12.87% 

Other renewables 0.00 0.00% 0.00 0.00% 

Total generation 71.83 100.00% 60.64 100.00% 

Consumption 84.04 117.01% 80.47 132.70% 

 

 
Table 3.6: Projected electricity grid mix shares by different fuels in Sweden 

  Sweden   

 2014 

(TWh) 

% of total generation 2050 

(TWh) 

% of total generation 

Oil 0.06 0.04% 0.00 0.00% 

Coal 2.40 1.56% 0.00 0.00% 

Coal with CCS 0.00 0.00% 0.00 0.00% 

Natural gas 1.91 1.24% 3.76 2.82% 

Natural gas with CCS 0.00 0.00% 0.00 0.00% 

Nuclear 63.78 41.39% 0.00 0.00% 

Other fossils 0.19 0.12% 0.00 0.00% 

Biofuels and waste 12.32 7.99% 8.87 6.65% 

Biofuels + CCS 0.00 0.00% 1.10 0.83% 

Hydro 63.29 41.07% 64.31 48.27% 

Solar 0.04 0.03% 0.07 0.05% 

Wind 10.11 6.56% 55.13 41.38% 

Other renewables 0.00 0.00% 0.00 0.00% 

Total generation 154.09 100.00% 133.25 100.00% 

Consumption 137.89 89.48% 134.64 101.04% 
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Table 3.7: Wind power capacity development in Case study countries based on IEA 2016 CNS scenario 

 Denmark  Finland  Sweden  

Year Onshore 

(MW) 

Offshore 

(MW) 

Onshore 

(MW) 
Offshore 

(MW) 
Onshore 

(MW) 

Offshore 

(MW) 

2020 4069 2016  1600 900 5210 215 

2050 8000 2016  1600 1206 23156 215 

Growth  96.6 % 0.0 %  0.0 %  34.0 % 344.5 % 0.0 % 

 

2. Fossil primary energy 

Sweden (Gustavsson et al., 2011; Ministry of the Environment Sweden, 2014; Regeringskansliet, 2016a) 

and Denmark (Gravgard, Olsen, and Rormose Jensen, 2009) have set a target of zero net fossil fuel based 

emissions by 2050. In Finland, the target is set to 80 % (Finnish Ministry of Employment & the Economy, 

2014). Studied national roadmaps address that reaching these targets highly depend on novel technology 

implementations such as Carbon Capture and Storage (CCS) technology and development of emission 

trade policies (Nielsen et al., 2014; Finnish Ministry of Employment & the Economy, 2014; Gustavsson et 

al., 2011; Ministry of the Environment Sweden, 2014; Gravgard, Olsen, and Rormose Jensen, 2009; IEA, 

2016b). Hence, it was selected to set outputs from Coke, Refined Petroleum and Nuclear Fuel (23) sector 

to 0.2. Exception to this approach was Basic metals (27t28) sector, because of the evaluations that in steel 

production no replacing renewable material is foreseen to be found (Gustavsson et al., 2011). Electricity 

generation is modeled to be completely fossil fuel free by 2050. Therefore, output from Coke, Refined 

Petroleum and Nuclear Fuel (23) to Electricity, Water and Gas Supply (E) sector was set to 0. 

3. Production increases in selected industry sectors 

As “Nordic Energy Technology Perspectives 2016” CNS scenario was used to quantify the Electricity grid 

mixes for 2050, it was selected to apply CNS approach also for the energy intense industry sectors. 

Besides, production increases in major industry sectors were described as a part of expected constant 

GDP growth in literature review (OECD, 2012; IEA, 2016b; Gravgard, Olsen, and Rormose Jensen, 2009; 

Gustavsson et al., 2011). Applied estimates are presented in Table 3.8. Assuming constant prices, 

percentage changes translated into growth factors. Average of 7.07% was used for Chemical products 

sector. Besides, in CNS scenario and national climate roadmaps (IEA, 2016b; Nielsen et al., 2014; Finnish 

Ministry of Employment & the Economy, 2014; Regeringskansliet, 2016a) Carbon Capture and Storage 

(CCS) technology is mentioned as one of the key break-through technologies to reach emission reduction 

targets from industry sectors. In EEIOA framework, CCS would impact the emission intensities of the 

sector. In this study, the economy structures were altered and therefore, impacts of the CCS were 

excluded. 

Table 3.8: Estimated increases in materials production, CNS scenario (IEA, 2016b) 

Material production (Mt) 2013 2050 CNS % Change Assigned sector in EEIO-model 

Crude steel 8.5 9.9 16.47% Basic Metals and Fabricated Metals 

Paper and paperboard 25.7 26.5 3.11% Pulp, Paper 

Cement 7.4 8.3 12.16% Non-metal minerals 

Aluminum 6.9 7.0 1.45% Basic Metals and Fabricated Metals 

High-value chemicals 2.3 2.5 8.70% Chemicals and chemical products 

Ammonia 0.4 0.4 0.00% Chemicals and chemical products 

Methanol 0.8 0.9 12.50% Chemicals and chemical products 

 

  



 

38 

 

4. Transport 

Transport sector is one of the central sectors in case study countries national sustainability targets. 

Denmark, Finland and Sweden have reported aims to reduce transport by structural changes in 

infrastructure and transport methods (Gravgard, Olsen, and Rormose Jensen, 2009; Ministry of the 

Environment Sweden, 2014; Gustavsson et al., 2011; Parlamentaarinen energia- ja ilmastokomitea, 

2014). In general, all case study countries aim at replacing fossil fuels completely with biofuels and 

electric vehicles by 2050. However, only Gustavsson et al., 2011 sets a quantitative estimate on transport 

development. Considering economic growth, production increases in the industry and historical trends in 

transport sector growth; it was selected to define inland transport to increase 2.6% in all sectors as 

suggested in Gustavsson et al., 2011. However, replacing biofuel types were defined differently between 

Denmark, Finland and Sweden. Due to large forest resources and significant pulp and paper industry in 

Finland and Sweden, these sectors were modeled as main biofuels producing sectors. In Denmark, 

agriculture, waste biofuels and biogas targets (Gravgard, Olsen, and Rormose Jensen, 2009) are the main 

replacing sources for fossil transport fuels. For all countries, Electricity, Water and Gas Supply (E) was 

introduced as one of the replacing sectors. 

5. Allocating fossil fuel replacements 

The fifth step of the modeling was to balance IO-tables by allocating the remaining fossil fuels to new 

energy sources. Modeling fossil fuels replacements followed approach of Skånberg et al., 2016. In 

Denmark, changes were estimated to increase demand of biofuels from agriculture and waste as well as 

electricity. Hence, modified sectors were Agriculture, Hunting, Forestry and Fishing (AtB), Food, 

Beverages and Tobacco (15t16) and Electricity, Water and Gas Supply (E). 

In Finland and Sweden, replacements were estimated to occur as increased demand of both agricultural 

and wood based biofuels and electricity. Therefore, increases were modified to Agriculture, Hunting, 

Forestry and Fishing (AtB); Wood and Products of Wood and Cork (20); Pulp, Paper, Printing and 

Publishing (21t22) and Electricity, Water and Gas Supply (E). 
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3.2.2 Calculating national sector level carrying capacities for 2050 

National carrying capacities for year 2050 in regard of greenhouse gas emissions are calculated based on 

Absolute sustainability concept presented in section 3.1.6. Here, it was selected to define carrying 

capacity for greenhouse gas emissions on per capita basis. Hence, the defining factor is the projected 

global population in 2050.  Integration of carrying capacities to EEIO framework is divided into four 

stages. With selected approach, it is possible to observe necessary sector level improvements in current 

economy structure to reach such emission levels that enable country to remain below defined carrying 

capacity. 

1. Global carrying capacity for greenhouse gas emissions in 2050 

2. Projected global population by 2050 

3. Carrying capacity per person in 2050 

4. Allocate carrying capacities to each sector based on their percentage shares of the economy ($) 

with current sector structure 

National carrying capacity for greenhouse gas emissions depends on two factors: climate model and 

allocation criteria. Since the time-frame is in year 2050 the first task was to select an emission pathway 

model where global greenhouse gas emissions are probably to limit CO2 concentration in the atmosphere 

below 350 ppm, with an uncertainty range 350 to 550 ppm. (Rockström et al., 2009) 

Based on studied scenarios in literature review and the GlobalCalculator visualization tool (Department 

of Energy and Climate Change, 2015), 2DS scenario (IEA, 2016) pathway was selected as the closest 

estimate for target CO2 concentration. In 2DS, the global greenhouse gas emissions in 2050 are 15.3 GtCO2 

eq, which relates to over 50 % probability of limiting global temperature rise below 2°C (Department of 

Energy and Climate Change, 2015; Shine et al., 1990).  

The second factor is allocation criteria. For the purposes of this study, carrying capacities were calculated 

on per capita basis. Hence, the defining factor is the projected global population in 2050. Population 

projections by World population prospects (Melorose, Perroy, and Careas, 2015b) were used and values 

are shown in Table 3.9. Based on these assumption, carrying capacity greenhouse gas emission quotas 

were calculated for Denmark, Finland and Sweden and results are shown in Table 3.10. Additionally, in 

Table 3.10, country-specific distances from target emission levels are shown for 2009 based on total CO2 

emissions (Skånberg et al., 2016). Obtained carrying capacities for target emission levels are slightly 

lower than 2 tCO2 eq reported by for instance Swedish Environmental Protection Agency (SEPA), 2012a. 

For Denmark, CO2 emissions were 733.44% larger than calculated carrying capacity level for 2050. For 

Finland and Sweden values were 582.89% and 209.50%, respectively. 

Table 3.9:  Selected population projections for 2050 

2050, persons Global Denmark Finland Sweden 

World population prospects, UN 2015 9.73E+09 6.30E+06 5.75E+06 1.19E+07 
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Table 3.10: Year 2009 CO2 emissions in Denmark, Finland and Sweden, country-specific carrying capacities for 
greenhouse gas emission in 2050 and distance from targets. Calculations based on IEA 2DS scenario (IEA, 2016a) 

Target CO2 concentration (ppm) 350 

Greenhouse gas emissions in 2050, 2DS scenario (tCO2-eq) 1.53E+10 

Target annual greenhouse gas emissions per person (tCO2-eq) 1.57E+00 

Total CO2 emissions, 2009 values (ktons)  

Denmark 86558 

Finland 61798 

Sweden 57852 

Acceptable greenhouse gas emissions per country (tCO2-eq) 

Denmark 9.91E+06 

Finland 9.05E+06 

Sweden 1.87E+07 

Difference between 2009 CO2 emissions and calculated carrying capacities  

Denmark 773.44 % 

Finland 582.89 % 

Sweden 209.50 % 
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3.3 Economy structures 2009 

The reference year and the baseline scenario of the case study was 2009 and formed the basis of the 

scenario analysis. Based on national input-output tables, an overlook of the economy structures in 

Denmark, Finland and Sweden is shown in Table 3.11. Table 3.11 represents economy structure as 

percentage shares from total production value for each sector. Sectoral contributions to CO2 emissions are 

presented in Table 3.12. Detailed emission tables for case study countries in 2009 are presented in 

Appendix B. 

Table 3.11: Economy structures in Denmark, Finland and Sweden in 2009 as percentages of total production values 

Percent of total production value in 2009 Denmark Finland Sweden 

Agriculture, Hunting, Forestry and Fishing 2.27 % 2.35 % 1.55 % 

Food, Beverages and Tobacco 4.47 % 3.10 % 2.59 % 

Pulp, Paper , Printing and Publishing 1.34 % 4.56 % 3.21 % 

Chemicals and Chemical Products 2.37 % 2.16 % 2.62 % 

Basic Metals and Fabricated Metal 1.67 % 3.85 % 3.41 % 

Machinery, Nec 2.87 % 4.37 % 2.93 % 

Electrical and Optical Equipment 2.73 % 6.09 % 3.84 % 

Transport Equipment 0.45 % 1.04 % 3.91 % 

Electricity, Gas and Water Supply 1.96 % 2.28 % 2.47 % 

Construction 6.46 % 8.21 % 5.64 % 

Wholesale Trade and Commission Trade, Except of Motor 

Vehicles and Motorcycles 

6.50 % 4.87 % 4.90 % 

Retail Trade, Except of Motor Vehicles and Motorcycles; 

Repair of Household Goods 

3.01 % 3.13 % 2.77 % 

Inland Transport 2.31 % 2.57 % 2.87 % 

Water Transport 4.61 % 0.68 % 0.66 % 

Other Supporting and Auxiliary Transport Activities; 

Activities of Travel Agencies 

1.34 % 2.64 % 3.59 % 

Post and Telecommunications 2.21 % 1.91 % 2.26 % 

Financial Intermediation 5.02 % 2.46 % 3.45 % 

Real Estate Activities 7.67 % 8.28 % 8.05 % 

Renting of M&Eq and Other Business Activities 10.10 % 7.48 % 10.71 % 

Public Admin and Defence; Compulsory Social Security 5.05 % 4.61 % 4.40 % 

Education 4.29 % 3.32 % 4.02 % 

Health and Social Work 8.67 % 6.50 % 7.53 % 

Other Community, Social and Personal Services 3.92 % 3.45 % 4.02 % 
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In 2009, the economic structures in the three case study countries were relatively similar. The most 

significant sectors for all countries are Renting of M&Eq and Other Business Activities, Health and Social 

Work and Real Estate Activities. However, for instance substantial shipping industry in Denmark results 

in significantly larger share for Water transport sector (4.61 %) in Denmark than in Finland (0.68 %) or 

Sweden (0.66 %). The importance of forest industry in Finland can be seen from relatively larger share of 

Pulp, Paper, Printing and Publishing (4.56 %) compared to Denmark (1.34 %) and Sweden (3.21 %). 

The sectors with largest carbon dioxide emissions in 2009 were Electricity, Gas and Water Supply and 

Transport sectors and Other Non-Metallic Minerals. In Denmark, Agriculture, Hunting, Forestry and 

Fishing and Food, Beverages and Tobacco were relatively more significant whereas in Finland and 

Sweden Basic Metals and Fabricated Metals sector was a significant source of carbon dioxide emissions.   

Comparison between the most significant economic sectors and most emitting sectors in case study 

countries supports the decoupling trend in the Nordic economies shown in Figure 3.1Error! Reference 

source not found.. This means the most important sectors in economic sense were different from the 

most emitting sectors. 

Table 3.12: Real CO2 emissions from the most contributing sectors in Denmark, Finland and Sweden in 2009 

CO2, ktons in 2009 Domestic production Denmark Finland Sweden 

Agriculture, Hunting, Forestry and Fishing 2312.85 1892.09 2417.07 

Mining and Quarrying 2063.36 139.57 629.23 

Food, Beverages and Tobacco 1444.97 189.98 651.47 

Wood and Products of Wood and Cork 58.24 120.31 115.89 

Pulp, Paper, Printing and Publishing 224.64 3212.53 1453.12 

Coke, Refined Petroleum and Nuclear Fuel 742.53 4191.05 3146.19 

Chemicals and Chemical Products 389.01 1442.39 1718.35 

Other Non-Metallic Mineral 2288.58 1270.12 3102.78 

Basic Metals and Fabricated Metal 355.33 4638.10 3569.86 

Electrical and Optical Equipment 94.06 0.83 54.16 

Electricity, Gas and Water Supply 20949.95 22462.61 8834.18 

Construction 1395.42 1412.43 1543.35 

Inland Transport 2745.88 2977.34 3185.61 

Water Transport 36720.80 2520.13 6758.09 

Air Transport 2786.54 4835.33 4062.13 

  

3.4 Results for 2050 scenarios 

Modeling results for CO2 emissions are summarized in Table 3.13. Table shows both original 2009 and 

2050 values divided to industry sources and households and government sectors.  Five-step modeling 

approach, studied sustainability targets and sectoral trade led to radical emission reductions in case 

study countries compared to baseline scenario and reference year 2009. In Denmark, the total reduction 

is 98.17%, in Finland 81.41% and in Sweden 77.90%. Common to all countries, industry source emissions 

represent most CO2 emissions both in 2009 and in 2050. Additionally, emissions reductions from industry 
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sectors are smaller than in households and government sectors. Due to modeling approach, common to 

all case study countries was Electricity, Gas and Water Supply sector becoming CO2 emission free by 

2050.  Detailed modeling results for emission reductions are shown in Appendix C.  

From economic perspective, compared to baseline scenario, results indicate total output increase for 

Denmark (6.32 %), Finland (0.75 %) and Sweden (0.56 %). Modeled economy structures for Denmark, 

Finland and Sweden in 2050 are presented in Appendix D. 

Table 3.13: Summary of the modeling results for CO2 emissions 

EEIOA Denmark Finland Sweden  

CO2, original value (industries and households/gov): 86558.15 61796.29 57852.37 ktons 
From industries: 78220.04 55187.51 47351.37 ktons 
From households and government: 8338.11 6608.77 10501.00 ktons 
CO2, modeled value (industries and households/gov): 1585.80 11487.19 12782.98 ktons 
From industries: 1327.61 10171.55 10690.75 ktons 
From households and government: 258.20 1315.64 2092.23 ktons 
Diff (in industries + households/gov): -98.17 -81.41 -77.90 % 
Industries only: -98.30 -81.57 -77.42 % 
Households and government only: -96.90 -80.09 -80.08 % 
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3.4.1 Denmark 

With selected modeling principle, CO2 emissions in Denmark decrease dramatically by 2050, compared to 

baseline scenario. Due to modeled structural changes in economy would cause emissions decrease from 

86558 kton CO2 in 2009 to 1585 kton in 2050. Summary of the sectoral changes in CO2 emissions between 

reference year 2009 and in 2050 scenario are presented in Figure 3.10.  

For Denmark, the emissions profile consists of few most contributing sectors. Comparison between 

sectoral emissions in 2009 and scenario results for 2050 show that despite the most radical emission 

reductions, Water transport would remain an emission hotspot in Denmark. Secondly, the shares of 

Agriculture, Hunting, Forestry and Fishing and Inland transport would increase.  

From economic perspective, the four sectors where modeling resulted in largest changes in Denmark 

were 14.97 % increase for Agriculture, Hunting, Forestry and Fishing sector, 22.08 % decrease for Mining 

and Quarrying, 64.82 % decrease for Coke, Refined Petroleum and Nuclear Fuel and 533.31 % increase in 

Electricity, Gas and Water Supply. 

 

 

Figure 3.10: Scenario results for sector level changes in CO2 emissions for Denmark. 
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3.4.2 Finland 

For Finland, modeling resulted in CO2 emission decrease from 61796 kton in 2009 to 11487 kton in 2050, 

meaning average 81.41% decrease. Summary of the sectoral changes in CO2 emissions between reference 

year 2009 and in 2050 scenario are presented in Figure 3.11. For Finland, the emission profile changes 

mostly due two sectors: Electricity, Gas and Water Supply emissions reduction to zero and Basic Metals 

and Fabricated Metal increase from 4638 kton to 4833 kton (4.20 %). Hence, Basic Metals and Fabricated 

Metals represent the largest emitting sector in Finland in 2050 scenario results. The second largest 

reduction is experienced in Coke, Refined Petroleum and Nuclear Fuel sector with 89.04 % decrease. In 

Finland, the contribution of transport sectors is not as significant as in Denmark. 

From economic perspective, scenario results for Finland show significant decrease for Mining and 

Quarrying (15.03 %) and Coke, Refined Petroleum and Nuclear Fuel sector (52.39 %,). Sectors where 

economic activity increased most were Pulp, Paper, Printing and Publishing (10.02 %), Other Non-

Metallic Minerals (10.36 %), Basic Metals and Fabricated Metals (11.57 %) and Electricity, Gas and Water 

Supply (25.78 %). 

 

 

Figure 3.11: Scenario results for sector level changes in CO2 emissions for Finland. 
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3.4.3 Sweden 

For Sweden, emissions decreased in the modeled scenario from 57852.37 kton to 12782.98 kton, 

meaning total reduction of 77.90 %. In Sweden, the sectoral emissions distribution profile is more 

scattered between several sectors than in Denmark or Finland, as seen in Figure 3.12. 

In Sweden, the most significant differences are Electricity, Gas and Water Supply reducing to zero Basic 

Metals and Fabricated Metals sector increasing from 3569.86 kton to 3708.40 kton (3.88 %). In the 

scenario results, Basic Metals and Fabricated Metal sector would be the largest emitter in 2050. 

Transport sectors present the second most significant emitting sectors, despite CO2 emission reductions 

of 79.51 % in Inland Transport, 80.08 % in Water Transport and 80.07 % in Air Transport. 

From economic perspective, the most significant changes in Swedish economy structure from the 

modeling were 37.92 % decrease in Coke, Refined Petroleum and Nuclear Fuel sector, 10.06 % increase in 

Other Non-Metallic Minerals, 10.39 % increase in Basic Metals and Fabricated Metal and 21.92 % increase 

in Electricity, Gas and Water Supply. 

 

 

Figure 3.12: Scenario results for sector level changes in CO2 emissions for Sweden.  



 

47 

 

3.5 Absolute sustainability targets in 2050 

Table 3.14 represents the comparison between estimated carrying capacities and modeled scenario 

results for case study countries. In scenario results, total CO2 emissions decrease below carrying capacity 

level in Denmark and Sweden. However, the national carrying capacity in Finland is exceeded by 2437.77 

ktons. Results for all sectors are presented in Appendix E. Common to all case study countries was that 

Non-metallic minerals and Water transport sectors did not reach the assigned carrying capacity emission 

levels.  Additionally, in Finland and Sweden Agriculture, Hunting, Forestry and Fishing and Coke, Refined 

Petroleum and Nuclear Fuel, Basic Metals and Fabricated Metal, Inland and Air transport sectors did not 

reach carrying capacity emission levels. 

Table 3.14: Scenario results for calculated national greenhouse gas carrying capacities. 

Ktons CO2-eq Calculated carrying capacities Modelled Difference from carrying capacity 

Denmark 9909.99 1585.80 8324.19 

Finland 9049.42 11487.19 -2437.77 

Sweden 18691.96 12782.98 5908.98 
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4 Discussion 

 

4.1 Methodology 

EEIOA 

In general, EEIOA is increasingly raising interest (Duchin, Levine, and Hammer Stromman, 2016) as an 

efficient method to achieve an overview of the emissions resulting from production activities within a 

nation. Besides, the number of environmental extensions, satellite accounts and indicators is increasing 

(e.g. Koning, Heijungs, and Tukker, 2011; Timmer et al., 2015; Skånberg et al., 2016; Oita et al., 2016) 

which improves the analytical power of the method. Overall, the straightforward structure of EEIOA is 

well suited for future scenario applications. In particular, EEIOA is suitable for studying sustainability 

performance of larger systems. Literature review and data collection phase for the case study revealed 

data quality and availability to be the most critical challenges in EEIOA applications at the moment. Like 

other EEIO databases, WIOD combines data from several sources (Tukker et al., 2013).  

To improve the reliability of results from EEIOA, comprehensive uncertainty assessment would be 

needed. Uncertainty assessment should analyze the effects of using varying quality data from several 

sources with different time spans. In addition, considering the complexity of different supply chains 

covered in national and international trade tables, assessment on the possibility of loops and double 

counting would significantly improve the robustness of the method (Arto, Rueda-Cantuche, and Peters, 

2014). Additionally, considering the case study conducted in quantitative section of this study, 

introducing other countries to the model and analysis would have significantly enhanced the precision of 

results and better cover the whole supply-chain. 

Case study 

Performed case study was explorative by nature and a case-specific five step approach was developed for 

the purposes of the study. Constructed models could be improved from several perspectives; here sector 

aggregation, developed modeling procedure, simplifications and included environmental indicators are 

discussed.  

Modeling procedure developed for the case study consisted of five stages and was based on the most 

significant sectors identified in literature review. Procedure is strictly case and scope specific to the 

explorative nature of this study and its applicability to other countries, time-frames or EEIO models is not 

tested. However, as the scope of the study was not to construct realistic illustrations of the future, 

selected approach enabled analyzing the potential impacts resulting strictly from implemented policy 

targets. 

Sector aggregation 

WIOD database based model (Skånberg et al., 2016) covers 35 industry sectors. The choice of database 

and number of covered sectors leads to trade-offs between simplicity and representativeness of the 

model. The number of sectors in an EEIO forms the basis of the model. The more aggregated the model; 

the more limited the analysis power. (Kitzes, 2013) 

For instance, in case of WIOD database, Electricity, Gas and Water Supply (E) sector is an aggregate 

combining rather different products. Besides, this aggregation makes it impossible to separate reduction 

in natural gas use from the changes in electricity grid mix. Additionally, the aim was to model significant 

increases in wind and solar power generation. However, WIOD sectors Construction (F) and Electrical 

and Optical Equipment (30t33) do not intuitively fully comply with solar and wind energy sources. 
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Applied modeling approach enabled covering the capacity increase in construction but does not 

represent trade effects from the use of these energy sources. 

Increasing the number of sectors would automatically improve the representativeness of the model. 

However, this would also increase the complexity of the model making it more challenging to track 

potential errors, distinguish trends or highlight economy hotspots from greenhouse gas emission 

perspective. Hence, it was decided that it is more feasible to study more aggregated economy structure 

and to cover the entire economy. 

Modeling simplifications 

Conducted case study and EEIOA modeling approach have several inherent simplifications and 

limitations. The first results from the EEIO assumption of linear production, which means each sector is 

assumed to produce equal products with equal outputs and equal prices (Eurostat, 2008a; Kitzes, 2013).  

The second simplification was to conduct an explorative backcasting scenario, meaning a static 

illustration of the future economy structures were constructed. Economic structures and carrying 

capacities are dynamic by nature. In case of environmental carrying capacities, environmental systems 

depend on various parameters. Primarily, systems are dynamic by nature for instance because of diurnal 

and seasonal cycles and stochastic weather events (Bjørn and Hauschild, 2015). Carrying capacities are 

dynamic also in an anthropocentric sense, as for instance production capacities vary daily. 

Fundamentally, carrying capacities are not physical phenomena but depend on normative and societal 

decisions. 

However, combining complex dynamic modeling was beyond the scope of this study. Additionally, based 

on literature review the knowledge on dynamic features of these phenomena is still relatively limited 

(Rockström et al., 2009; OECD, 2012; IEA, 2016a). Finally, as the model performance can at best be as 

accurate as data used, added-value from dynamic modeling could have been limited because lack of 

methods to accurately measure uncertainties in the data. 

Final significant simplification in the constructed scenarios regards economic growth. Typically, around 

four-fold economic growth by 2050 was estimated in studied literature (IEA, 2016b; Nielsen et al., 2014; 

Finnish Ministry of Employment & the Economy, 2014; Gustavsson et al., 2011). Yet, based on the 

decoupling trend in Nordic economies (IEA, 2016bError! Reference source not found.), economic 

growth and greenhouse gas emissions are no longer directly related.  

The aim of the case study was to study purely the impacts of national sustainability targets and the 

availability of EEIOA applicable data. Hence, economic growth was excluded from baseline and developed 

scenarios. Assumption was considered justified for the scope of the study. However, decision reduces the 

robustness of the results.  

Environmental indicators 

The focus of this study was greenhouse gas emissions and climate change of which CO2 emissions were 

the only environmental extension covered in the conducted case study. As CO2 emissions account for the 

majority of emissions (Nielsen et al., 2014; IEA, 2016b; Gustavsson et al., 2011) they are a well justified 

starting point for the assessment and a proxy measure of the greenhouse gas emissions. To improve the 

accuracy of the model, other greenhouse gas emissions (including methane, nitrous oxides, ozone and 

chlorofluorocarbons) should be included in the assessment. 

For instance, the radical increase in biofuels demand could potentially lead to increased methane 

emissions and substantial land use change impacts, which are not visible in the current model, giving too 

optimistic illustration of the situation in 2050. 

Ideally, all nine presented planetary boundary indicators: Climate change, Change in biosphere integrity, 

Stratospheric ozone depletion, Ocean acidification, Biogeochemical flows, Land-system change (for 

example deforestation), Freshwater use, Atmospheric aerosol loading and The novel entities (Steffen et 
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al., 2015) should be included in the assessment to gain a comprehensive image of the environmental 

sustainability progress in studied countries. 

For instance, besides Steffen et al., 2015, OECD, 2012 raises Biodiversity as one of the key global 

sustainability issues. Biodiversity loss will be driven by land-use change and management required for 

pasture, food crops and bioenergy. (OECD, 2012) With applied modeling procedure, this trade-o↵ 

between reduced CO2 emissions and potentially accelerated biodiversity loss is not covered. Emission 

sink policies particularly in Finland and Sweden are also related to biodiversity and land-use change 

impacts. With substantial forest resources, forests represent a significant emissions sink. For example, in 

Finland, it is calculated that forest bind annually 30 to 60 % of total emissions (Parlamentaarinen 

energia- ja ilmastokomitea, 2014). Hence, increased bioenergy demand must be balanced with a 

sustainable biomass management activities. 

Additionally, including Freshwater use would be interesting and valuable addition to the assessment 

because of its fundamental necessity for humankind. Quantified planetary boundary for freshwater use is 

not exceeded Steffen et al., 2015, but according to OECD Environmental Outlook 2050 Baseline scenario 

(OECD, 2012), by 2050 3.9 billion people are likely to live in regions under severe water stress. Besides, 

global water demand is projected to increase 55 % between 2000 and 2050 and largest demand increases 

are projected from manufacturing (+400 %), electricity (+140 %) and domestic use (+130 %). Availability 

of water has not been a critical issue in Nordic countries, but considering the severity of future water 

stress potentially affecting global trade partner countries for Denmark, Finland and Sweden, trade 

impacts to freshwater use would be valuable to be addressed. Electricity and industry sectors were 

modeled also in this study and transition towards low-carbon systems should not be pursued 

compromising water availability for human needs. From the other perspective, availability of freshwater 

is becoming increasingly differentiated globally. The question is if abundant water resources become a 

competitive advantage for Nordic countries.  
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4.2 Results 

The applied modeling approach caused radical structural changes in selected sectors. Hence, resulted 

substantial emission reductions were expected. Despite that modeling covered only five stages and four 

most contributing sectors, a cascade effect in the economy was identified. In other words, modeling 

impacts were efficiently diffused throughout all sectors in the economies. Modeling results are in line 

with the more ambitious future scenarios like 2DS (IEA, 2016) but substantially larger than for instance 

in the study published by de Koning et al., 2015. However, the most significant sectors are the same in 

this study as in studied other scenarios. De Koning et al. also emphasize how radical changes in electricity 

supply will make other sectors such as metals, sea and air transport the largest contributors to CO2 

emissions.  

Additionally, the applied approach for carrying capacities support the findings for emission hotspots and 

profiles presented in section 3.2. Results indicate that while focus on changes in electricity supply is the 

right direction, sufficient emissions reductions are more challenging to be reached in transport and basic 

industry sectors.  

Scenario results for total emission reduction in Denmark were significantly higher than in Finland and 

Sweden. With the EEIO modeling, two main reasons and sectors were identified: Water Transport and 

Basic Metals and Fabricated Metals. Regarding these sectors, the shares of total emissions in 2009 

differed radically between Denmark and Finland and Sweden, shown in Table 4.1.   

Hence, when the fossil fuels were replaced with biofuels in the EEIO model, the impacts from Water 

transport were more radical for Denmark than for Finland and Sweden. In addition, as the production 

was modeled to increase in Basic Metals and Fabricated Metals sector it resulted in significantly higher 

impacts for Finland and Sweden than for Denmark. Obtained modeling results and differences highlight 

the analysis capacity of EEIOA. As different sectors have varying importance for total emissions between 

countries, similar emission mitigation actions can cause significantly differing results.  

 

Table 4.1: The main differentiating sectors in scenario results. 

 Denmark Finland  Sweden 
Basic Metals and Fabricated Metals 355.33 ktons  4638.10 ktons 3569.86 ktons 
% of total emissions 0.45 % 8.40 % 7.54 % 
Water transport 36720.80 ktons 2520.13 ktons 6758.09 ktons 
% of total emissions 46.95 % 4.57 % 14.27 % 
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5 Conclusions and recommendations 

5.1 Recommendations to research 

The scope of this study was explorative, and further research would be needed for applied methods to 

develop into actual decision-support tools. In particular, EEIO modeling dynamics, data quality and 

availability assessment as well as refined modeling procedure would improve the robustness of the study 

results. Besides, bilateral and international trade effects were covered with domestic technology 

assumption in constructed scenarios. Using source-specific emission intensities would enhance the 

accuracy of the results.  

Compared to the second commonly applied quantitative sustainability assessment method LCA, 

challenges with system boundary definitions are covered in EEIOA by mathematics of Leontief inverse. 

(Eurostat, 2008a; Arto, Rueda-Cantuche, and Peters, 2014) Compared to EEIOA, the advantage of LCA 

seems to be aspects like data quality, accuracy of environmental indicators and allocation of impacts can 

be more transparently communicated and covered. Hence, research on hybrid models aiming to integrate 

advantages from EEIOA and LCA is ongoing (e.g. Gibon et al., 2015; Kalbar et al., 2016b). Today, the 

computational capacity enables analyzing complex systems and vast amount of data. Hence, the goal in 

quantitative sustainability assessment should be in combining the advantages of different methods to 

develop more accurate yet simple assessment tools. 

Firstly, importance of the policy framework cannot be underestimated in emission mitigation actions. 

Potential policy instruments include national strategies, price-based instruments, command and control 

regulation, technology support policies including R&D and voluntary approaches such as awareness 

campaigns. (Bakam, Balana, and Matthews, 2012; OECD, 2012)  

In the scope of this study, particularly important is the development of the price-based instruments, 

which directly impact the structures of national IO-tables and that way results of the EEIOA. EEIOA could 

be an efficient tool to test impacts of different policy instruments to national sustainability targets. 

Conducting such a study could significantly enhance insights to future economy structures and emissions. 

Besides, projections of the impacts of targeted fossil-fuel independence on public sector tax revenues 

could be valuable for decision-makers. Carbon taxes are one of the key emission mitigation instruments 

but significant reductions in fossil fuels use will also lead to decreased tax revenues. EEIOA could 

efficiently be used for assessing this type of questions as well. 

Secondly, as the Paris agreement (United Nations/Framework Convention on Climate Change, 2015; 

European Commission, 2016) has entered into force its effects remains to be seen. Detailed analysis of the 

Paris agreement was not in the scope of this thesis. However, implementation of the Paris Agreement 

significantly affects how realistic the constructed scenarios will become. 

 

5.2 Recommendations to policy-makers 

Key finding for the policy-makers was the observed gap between national sustainability targets and 

implementation plans within sectors. Studied reports and studies (Ministry of the Environment Sweden, 

2014; Finnish Ministry of Employment & the Economy, 2014; Gravgard, Olsen, and 

Rormose Jensen, 2009; IEA, 2016b; United Nations/Framework Convention on Climate Change, 2015) 

report targets and impacts as total expected emission reductions. During data collection for the case 

study, it became challenging to translate these targets into quantified measures on sector level. Despite 
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political atmosphere shift to pursuing sustainable future, it seems that concrete pathways to reach these 

targets are still needed. This issue was also recognized and addressed for instance in Swedish 

Environmental Protection Agency (SEPA), 2012a report. 

The lack of sector level quantified measures raises the question of countries’ abilities to implement  

national sustainability targets. If targets are defined only on national level and without well-defined 

pathways or detailed targets, challenges may occur in different sectors taking action in emission 

mitigation. A risk of so-called free-rider effect may arise from insufficient communication and target-

specification: different players in the economy, whether specific industry, service sector or individuals as 

consumers may not identify their impact and responsibility in shared emission mitigation efforts. 

The sector level disaggregation of sustainability targets and developed carrying capacities applied in this 

study have decision-support tool potential. This top-down approach could help decision-makers to 

translate national targets to detailed sector level mitigation requirements. With specific sector level 

targets, different sectors could independently assess the level of technological improvement needs in 

emission mitigation actions. Such approach could additionally facilitate communication, help societies to 

focus on the most important sectors and track progress in straightforward way. 

 

5.3 Conclusions 

In this master’s thesis, the objective was to study environmentally extended input-output analysis 

applicability to constructing future scenarios from national sustainability targets. To cover the objective, 

four research questions were specified. The first aim was to study how to utilize Environmentally 

Extended Input-Output Analysis (EEIOA) in sustainability assessment and future scenarios. The second 

question was if there is sufficient data available to perform comparative assessments of future scenarios 

using EEIOA. Thirdly it was studied how to link absolute sustainability concept in future scenarios. Final 

objective was to analyze which conclusions can be drawn from EEIOA future scenarios. A literature 

review and a case study for Denmark, Finland and Sweden were performed.  

Literature review and case study showed the straightforward structure of EEIOA is well suited for future 

scenario applications. EEIOA was found to be an efficient tool for explorative long-term scenarios. In 

addition, it is possible to integrate absolute sustainability thresholds to EEIO modeling. However, data 

availability and modeling simplifications limit the accuracy of the obtained results. 

EEIOA was found to be a noteworthy decision-support tool for sustainability strategies. With EEIOA, it is 

possible to allocate and study national sustainability targets on a sectoral level, and that way potentially 

substantially increase the effectiveness and implementation of defined sustainability targets.  

Scenario results indicate that implementation of the existing national sustainability targets would lead to 

radical emission reductions in Denmark, Finland and Sweden by 2050 compared to business-as-usual 

development. It was identified that emission hotspot sectors in 2050 are likely to be transport and 

industry sectors.  
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Appendices 

Appendix A: Covered sectors in World Input-Output Database 

 WIOD sectors 

AtB Agriculture, Hunting, Forestry and Fishing 

C Mining and Quarrying 

15t16 Food, Beverages and Tobacco 

17t18 Textiles and Textile Products 

19 Leather, Leather and Footwear 

20 Wood and Products of Wood and Cork 

21t22 Pulp, Paper, Paper , Printing and Publishing 

23 Coke, Refined Petroleum and Nuclear Fuel 

24 Chemicals and Chemical Products 

25 Rubber and Plastics 

26 Other Non-Metallic Mineral 

27t28 Basic Metals and Fabricated Metal 

29 Machinery, Nec 

30t33 Electrical and Optical Equipment 

34t35 Transport Equipment 

36t37 Manufacturing, Nec; Recycling 

E Electricity, Gas and Water Supply 

F Construction 

50 Sale, Maintenance and Repair of Motor Vehicles 
and Motorcycles; Retail Sale of Fuel 

51 Wholesale Trade and Commission Trade, Except 
of Motor Vehicles and Motorcycles 

52 Retail Trade, Except of Motor Vehicles and 
Motorcycles; Repair of Household Goods 

H Hotels and Restaurants 

60 Inland Transport 

61 Water Transport 

62 Air Transport 

63 Other Supporting and Auxiliary Transport 
Activities; Activities of Travel Agencies 

64 Post and Telecommunications 

J Financial Intermediation 

70 Real Estate Activities 

71t74 Renting of M&Eq and Other Business Activities 

L Public Admin and Defence; Compulsory Social 
Security 
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M Education 

N Health and Social Work 

O Other Community, Social and Personal Services 

P Private Households with Employed Persons 

 Total intermediate consumption 

 Imports, of which is 

 taxes less subsidies on products 

 Cif/ fob adjustments on exports 

 Direct purchases abroad by residents 

 Purchases on the domestic territory by non-
residents  

 Value added at basic prices 

 International Transport Margins 

 Output at basic prices 
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Appendix B: Sector level carbon dioxide emissions in Denmark, Finland and 

Sweden in 2009 

CO2, ktons in 2009 Domestic production Denmark Finland Sweden 

Agriculture, Hunting, Forestry and Fishing 2312.85 1892.09 2417.07 

Mining and Quarrying 2063.36 139.57 629.23 

Food, Beverages and Tobacco 1444.97 189.98 651.47 

Textiles and Textile Products 46.38 26.12 40.66 

Leather, Leather and Footwear 2.77 0.00 0.00 

Wood and Products of Wood and Cork 58.24 120.31 115.89 

Pulp, Paper, Paper , Printing and Publishing 224.64 3212.53 1453.12 

Coke, Refined Petroleum and Nuclear Fuel 742.53 4191.05 3146.19 

Chemicals and Chemical Products 389.01 1442.39 1718.35 

Rubber and Plastics 122.60 21.78 71.17 

Other Non-Metallic Mineral 2288.58 1270.12 3102.78 

Basic Metals and Fabricated Metal 355.33 4638.10 3569.86 

Machinery, Nec 185.16 26.92 139.75 

Electrical and Optical Equipment 94.06 0.83 54.16 

Transport Equipment 66.29 40.97 212.92 

Manufacturing, Nec; Recycling 74.05 9.17 51.70 

Electricity, Gas and Water Supply 20949.95 22462.61 8834.18 

Construction 1395.42 1412.43 1543.35 

Sale, Maintenance and Repair of Motor Vehicles and 
Motorcycles; Retail Sale of Fuel 

294.56 118.32 2055.05 

Wholesale Trade and Commission Trade, Except of Motor 
Vehicles and Motorcycles 

675.87 381.76 0.00 

Retail Trade, Except of Motor Vehicles and Motorcycles; Repair 
of Household Goods 

248.19 58.50 0.00 

Hotels and Restaurants 98.61 0.00 90.49 

Inland Transport 2745.88 2977.34 3185.61 

Water Transport 36720.80 2520.13 6758.09 

Air Transport 2786.54 4835.33 4062.13 

Other Supporting and Auxiliary Transport Activities; Activities 
of Travel Agencies 

146.36 692.43 145.17 

Post and Telecommunications 83.86 184.36 166.62 

Financial Intermediation 35.06 67.17 92.05 

Real Estate Activities 80.76 1046.60 392.03 

Renting of M&Eq and Other Business Activities 372.04 140.35 1172.36 

Public Admin and Defence; Compulsory Social Security 420.20 388.36 370.95 

Education 150.52 68.49 228.17 

Health and Social Work 231.81 131.38 333.58 

Other Community, Social and Personal Services 312.80 480.02 547.18 

Private Households with Employed Persons 0.00 0.00 0.02 
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Extra-territorial organizations and bodies 0.00 0.00 0.00 

Total intermediate consumption 78220.04 55187.51 47351.37 

Final consumption expenditure by households 8338.11 6608.77 10501.00 

Grand Total (ktons) (Domestic) 86558.15 61796.29 57852.37 

 

 

Appendix C: Modeling results for sector level carbon dioxide emissions in 

Denmark, Finland and Sweden 2050 

Denmark 

kton CO2 emissions 
2009 

CO2 emissions, 
2050 scenario 

Diff (%) 

Agriculture, Hunting, Forestry and Fishing 2 312.85 85.33 -96.31 

Mining and Quarrying 2 063.36 37.16 -98.20 

Food, Beverages and Tobacco 1 444.97 49.11 -96.60 

Textiles and Textile Products 46.38 1.42 -96.93 

Leather, Leather and Footwear 2.77 0.09 -96.92 

Wood and Products of Wood and Cork 58.24 1.81 -96.89 

Pulp, Paper, Paper , Printing and Publishing 224.64 6.94 -96.91 

Coke, Refined Petroleum and Nuclear Fuel 742.53 2.16 -99.71 

Chemicals and Chemical Products 389.01 11.92 -96.93 

Rubber and Plastics 122.60 3.69 -96.99 

Other Non-Metallic Mineral 2 288.58 69.33 -96.97 

Basic Metals and Fabricated Metal 355.33 58.35 -83.58 

Machinery, Nec 185.16 5.58 -96.99 

Electrical and Optical Equipment 94.06 2.87 -96.95 

Transport Equipment 66.29 1.99 -97.00 

Manufacturing, Nec; Recycling 74.05 2.26 -96.95 

Electricity, Gas and Water Supply 20 949.95 0.00 -100.00 

Construction 1 395.42 46.66 -96.66 

Sale, Maintenance and Repair of Motor Vehicles and 
Motorcycles; Retail Sale of Fuel 

294.56 8.78 -97.02 

Wholesale Trade and Commission Trade, Except of 
Motor Vehicles and Motorcycles 

675.87 21.08 -96.88 

Retail Trade, Except of Motor Vehicles and 
Motorcycles; Repair of Household Goods 

248.19 7.65 -96.92 

Hotels and Restaurants 98.61 3.03 -96.92 

Inland Transport 2 745.88 69.53 -97.47 

Water Transport 36 720.80 730.93 -98.01 

Air Transport 2 786.54 44.24 -98.41 

Other Supporting and Auxiliary Transport Activities; 
Activities of Travel Agencies 

146.36 3.43 -97.65 

Post and Telecommunications 83.86 2.59 -96.91 

Financial Intermediation 35.06 1.12 -96.82 

Real Estate Activities 80.76 2.49 -96.91 
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Renting of M&Eq and Other Business Activities 372.04 11.70 -96.86 

Public Admin and Defence; Compulsory Social 
Security 

420.20 12.97 -96.91 

Education 150.52 4.63 -96.92 

Health and Social Work 231.81 7.15 -96.92 

Other Community, Social and Personal Services 312.80 9.61 -96.93 

Private Households with Employed Persons 0.00 0.00 0.00 

Final consumption expenditure by households 8 338.11 258.20 -96.90 

Other 11323.28 328.30  

 

Finland 

kton CO2 emissions, 
2009 

CO2 emissions, 
2050 scenario 

Diff (%) 

Agriculture, Hunting, Forestry and Fishing 1892.09 386.82 -79.56 

Mining and Quarrying 139.57 23.04 -83.49 

Food, Beverages and Tobacco 189.98 37.73 -80.14 

Textiles and Textile Products 26.12 5.16 -80.26 

Leather, Leather and Footwear 0.00 0.00 0.00 

Wood and Products of Wood and Cork 120.31 25.37 -78.91 

Pulp, Paper, Paper , Printing and Publishing 3212.53 706.46 -78.01 

Coke, Refined Petroleum and Nuclear Fuel 4191.05 459.30 -89.04 

Chemicals and Chemical Products 1442.39 294.03 -79.62 

Rubber and Plastics 21.78 4.25 -80.48 

Other Non-Metallic Mineral 1270.12 272.22 -78.57 

Basic Metals and Fabricated Metal 4638.10 4832.84 4.20 

Machinery, Nec 26.92 5.22 -80.60 

Electrical and Optical Equipment 0.83 0.18 -78.67 

Transport Equipment 40.97 7.98 -80.52 

Manufacturing, Nec; Recycling 9.17 1.78 -80.59 

Electricity, Gas and Water Supply 22462.61 0.00 -100.00 

Construction 1412.43 278.40 -80.29 

Sale, Maintenance and Repair of Motor Vehicles and 
Motorcycles; Retail Sale of Fuel 

118.32 23.60 -80.06 

Wholesale Trade and Commission Trade, Except of Motor 
Vehicles and Motorcycles 

381.76 76.05 -80.08 

Retail Trade, Except of Motor Vehicles and Motorcycles; 
Repair of Household Goods 

58.50 11.67 -80.06 

Hotels and Restaurants 0.00 0.00 0.00 

Inland Transport 2977.34 614.91 -79.35 

Water Transport 2520.13 501.72 -80.09 

Air Transport 4835.33 964.26 -80.06 

Other Supporting and Auxiliary Transport Activities; 
Activities of Travel Agencies 

692.43 139.11 -79.91 

Post and Telecommunications 184.36 36.75 -80.07 

Financial Intermediation 67.17 13.40 -80.05 
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Real Estate Activities 1046.60 208.57 -80.07 

Renting of M&Eq and Other Business Activities 140.35 28.13 -79.96 

Public Admin and Defence; Compulsory Social Security 388.36 77.36 -80.08 

Education 68.49 13.62 -80.11 

Health and Social Work 131.38 26.08 -80.15 

Other Community, Social and Personal Services 480.02 95.56 -80.09 

Private Households with Employed Persons 0.00 0.00 0.00 

Final consumption expenditure by households 6608.77 1315.64 -80.09 

Other 8338.02 1679.87  

 

Sweden 

kton CO2 
emissions, 
2009 

CO2 emissions, 
2050 scenario 

Diff (%) 

Agriculture, Hunting, Forestry and Fishing 2 417.07 493.17 -79.60 

Mining and Quarrying 629.23 124.53 -80.21 

Food, Beverages and Tobacco 651.47 129.53 -80.12 

Textiles and Textile Products 40.66 8.05 -80.19 

Leather, Leather and Footwear 0.00 0.00 0.00 

Wood and Products of Wood and Cork 115.89 24.95 -78.47 

Pulp, Paper, Paper , Printing and Publishing 1 453.12 307.45 -78.84 

Coke, Refined Petroleum and Nuclear Fuel 3 146.19 535.71 -82.97 

Chemicals and Chemical Products 1 718.35 342.19 -80.09 

Rubber and Plastics 71.17 14.09 -80.20 

Other Non-Metallic Mineral 3 102.78 671.96 -78.34 

Basic Metals and Fabricated Metal 3 569.86 3 708.40 3.88 

Machinery, Nec 139.75 27.21 -80.53 

Electrical and Optical Equipment 54.16 10.71 -80.23 

Transport Equipment 212.92 41.78 -80.38 

Manufacturing, Nec; Recycling 51.70 10.11 -80.44 

Electricity, Gas and Water Supply 8 834.18 0.00 -100.00 

Construction 1 543.35 316.40 -79.50 

Sale, Maintenance and Repair of Motor Vehicles and 
Motorcycles; Retail Sale of Fuel 

2 055.05 410.80 -80.01 

Wholesale Trade and Commission Trade, Except of Motor 
Vehicles and Motorcycles 

0.00 0.00 0.00 

Retail Trade, Except of Motor Vehicles and Motorcycles; 
Repair of Household Goods 

0.00 0.00 0.00 

Hotels and Restaurants 90.49 18.04 -80.07 

Inland Transport 3 185.61 652.69 -79.51 

Water Transport 6 758.09 1 345.90 -80.08 

Air Transport 4 062.13 809.67 -80.07 

Other Supporting and Auxiliary Transport Activities; 
Activities of Travel Agencies 

145.17 28.83 -80.14 

Post and Telecommunications 166.62 33.25 -80.05 
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Financial Intermediation 92.05 18.38 -80.03 

Real Estate Activities 392.03 77.95 -80.12 

Renting of M&Eq and Other Business Activities 1 172.36 234.16 -80.03 

Public Admin and Defence; Compulsory Social Security 370.95 73.87 -80.09 

Education 228.17 45.42 -80.09 

Health and Social Work 333.58 66.45 -80.08 

Other Community, Social and Personal Services 547.18 109.10 -80.06 

Private Households with Employed Persons 0.02 0.00 -100.00 

Final consumption expenditure by households 10 501.00 2 092.23 -80.08 

 13809.22 2812.81  

 

 

Appendix D: Modeling results for economy structures for Denmark, Finland and 

Sweden in 2050 compared to reference year 2009 
Modeled total supply 2050, millions of 
USD  Denmark   Finland   Sweden  

 2009 2050 % change 2009 2050 % change 2009 2050 % change 

Agriculture, Hunting, Forestry and 
Fishing 

15,287 17,576 14.97% 12,582 12,599 0.14% 14,326 14,320 -0.04% 

Mining and Quarrying 10,990 8,563 -22.08% 7,141 6,068 -15.03% 10,312 10,044 -2.60% 
Food, Beverages and Tobacco 33,189 38,964 17.40% 17,985 17,994 0.05% 27,998 28,001 0.01% 
Textiles and Textile Products 3,249 3,249 0.00% 3,371 3,371 0.00% 4,472 4,472 0.00% 
Leather, Leather and Footwear 391 391 0.00% 630 630 0.00% 440 440 0.00% 
Wood and Products of Wood and Cork 3,270 3,270 0.00% 7,114 7,561 6.28% 10,788 11,539 6.96% 
Pulp, Paper, Paper , Printing and 

Publishing 
9,893 9,893 0.00% 22,748 25,027 10.02% 27,362 29,137 6.49% 

Coke, Refined Petroleum and Nuclear 

Fuel 
12,688 4,463 -64.82% 11,728 5,584 -52.39% 16,127 10,011 -37.92% 

Chemicals and Chemical Products 20,847 21,418 2.74% 16,343 17,167 5.05% 32,410 32,410 0.00% 
Rubber and Plastics 6,098 6,098 0.00% 4,936 4,936 0.00% 7,992 7,992 0.00% 
Other Non-Metallic Mineral 4,294 4,659 8.50% 3,996 4,410 10.36% 5,806 6,391 10.06% 
Basic Metals and Fabricated Metal 15,256 17,005 11.47% 23,588 26,318 11.57% 35,161 38,813 10.39% 
Machinery, Nec 23,169 23,169 0.00% 25,520 25,520 0.00% 32,854 32,854 0.00% 
Electrical and Optical Equipment 25,072 25,090 0.07% 38,258 41,140 7.53% 47,640 47,803 0.34% 
Transport Equipment 11,692 11,692 0.00% 9,627 9,627 0.00% 40,834 40,834 0.00% 
Manufacturing, Nec; Recycling 7,142 7,142 0.00% 3,909 3,909 0.00% 8,319 8,319 0.00% 
Electricity, Gas and Water Supply 11,426 72,362 533.31% 11,679 14,691 25.78% 20,372 24,836 21.92% 
Construction 35,924 36,619 1.94% 38,736 38,945 0.54% 43,032 44,719 3.92% 
Sale, Maintenance and Repair of Motor 

Vehicles and Motorcycles; Retail Sale of 

Fuel 

7,146 7,146 0.00% 7,535 7,535 0.00% 10,025 10,025 0.00% 

Wholesale Trade and Commission Trade, 

Except of Motor Vehicles and Motorcycles 
38,366 38,366 0.00% 24,699 24,699 0.00% 39,270 39,270 0.00% 

Retail Trade, Except of Motor Vehicles and 

Motorcycles; Repair of Household Goods 
16,925 16,925 0.00% 14,958 14,958 0.00% 21,519 21,519 0.00% 

Hotels and Restaurants 9,420 9,420 0.00% 9,661 9,661 0.00% 13,247 13,247 0.00% 
Inland Transport 15,831 16,163 2.10% 13,744 14,091 2.53% 27,615 28,308 2.51% 
Water Transport 25,428 25,428 0.00% 4,361 4,361 0.00% 7,740 7,740 0.00% 
Air Transport 4,192 4,192 0.00% 4,060 4,060 0.00% 6,922 6,922 0.00% 
Other Supporting and Auxiliary Transport 
Activities; Activities of Travel Agencies 

26,275 26,275 0.00% 13,556 13,556 0.00% 29,795 29,795 0.00% 

Post and Telecommunications 14,790 14,790 0.00% 10,145 10,145 0.00% 20,209 20,209 0.00% 
Financial Intermediation 29,536 29,536 0.00% 13,006 13,006 0.00% 28,701 28,701 0.00% 
Real Estate Activities 42,157 42,157 0.00% 38,919 38,919 0.00% 61,028 61,028 0.00% 
Renting of M&Eq and Other Business 

Activities 
63,162 63,162 0.00% 49,325 49,325 0.00% 103,244 103,244 0.00% 

Public Admin and Defence; Compulsory 

Social Security 
28,447 28,447 0.00% 21,846 21,846 0.00% 33,616 33,616 0.00% 

Education 23,667 23,667 0.00% 15,654 15,654 0.00% 30,526 30,526 0.00% 
Health and Social Work 47,668 47,668 0.00% 30,566 30,566 0.00% 57,039 57,039 0.00% 
Other Community, Social and Personal 

Services 
23,200 23,200 0.00% 17,396 17,396 0.00% 32,311 32,311 0.00% 

Private Households with Employed Persons 430 430 0.00% 214 214 0.00% 147 147 0.00% 

Total intermediate consumption 666,515 
117,440 

728,595 
119,615 

9.31% 
1.85% 

549,534 

79,860 
555,487 

80,058 
1.08% 
0.25% 

909,200 
152,139 

916,582 
150,321 

0.81% 
-

1.19% Imports, of which is 
taxes less subsidies on products 43,672 43,672 0.00% 31,276 31,276 0.00% 51,959 51,959 0.00% 
Cif/ fob adjustments on exports 0 0 - 0 0 - 0 0 - 
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Direct purchases abroad by residents 7,037 7,037 0.00% 3,116 3,116 0.00% 8,580 8,580 0.00% 
Purchases on the domestic territory by 

nonresidents 
-6,600 -6,600 0.00% -2,820 -2,820 0.00% -10,501 -10,501 0.00% 

Value added at basic prices 267,929 

3,575 
267,929 

3,575 
0.00% 
0.00% 

207,610 

3,146 
207,610 

3,146 
0.00% 
0.00% 

353,705 

5,249 
353,705 

5,249 
0.00% 
0.00% 

International Transport Margins 

          

Output at basic prices 982,129 1,044,208 6.32% 791,862 797,815 0.75% 1,318,192 1,325,574 0.56% 

 

Appendix E: Sector level scenario results compared to allocated carrying 

capacities 

Below estimated carrying capacity threshold Denmark Finland Sweden 
Agriculture, Hunting, Forestry and Fishing YES NO NO 
Mining and Quarrying YES YES NO 
Food, Beverages and Tobacco YES YES YES 
Textiles and Textile Products YES YES YES 
Leather, Leather and Footwear YES YES NO 
Wood and Products of Wood and Cork YES YES YES 
Pulp, Paper, Paper , Printing and Publishing YES NO YES 
Coke, Refined Petroleum and Nuclear Fuel YES NO NO 
Chemicals and Chemical Products YES NO YES 
Rubber and Plastics YES YES YES 
Other Non-Metallic Mineral NO NO NO 
Basic Metals and Fabricated Metal YES NO NO 
Machinery, Nec YES YES YES 
Electrical and Optical Equipment YES YES YES 
Transport Equipment YES YES YES 
Manufacturing, Nec; Recycling YES YES YES 
Electricity, Gas and Water Supply YES YES YES 
Construction YES YES YES 
Sale, Maintenance and Repair of Motor Vehicles... YES YES NO 
Wholesale Trade and Commission Trade... YES YES YES 
Retail Trade, Except of Motor Vehicles... YES YES YES 
Hotels and Restaurants YES YES YES 
Inland Transport YES NO NO 
Water Transport NO NO NO 
Air Transport YES NO NO 
Other Supporting and Auxiliary Transport... YES YES YES 
Post and Telecommunications YES YES YES 
Financial Intermediation YES YES YES 
Real Estate Activities YES YES YES 
Renting of M&Eq and Other Business Activities YES YES YES 
Public Admin and Defence; Compulsory Social Security YES YES YES 
Education YES YES YES 
Health and Social Work YES YES YES 
Other Community, Social and Personal Services YES YES YES 
Private Households with Employed Persons YES YES YES 
Final consumption expenditure by households YES YES YES 
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Price-based instruments Taxes on CO2 emissions.

Taxes on inputs or outputs of process (energy or vehicles).

Removal of environmentally harmful subsidies (e.g for fossil fuels).

Subsidies for emissions-reducing activities.

Emissions trading systems (cap-and-trade or Baseline-and-credit).

Command and control

regulations

Technology standards.

Performance standards.

Prohibition or mandating of certain products or practices.

Reporting requirements.

Requirements for operating certification.

Land-use planning, zoning.

Technology support

policies

A robust intellectual property rights system.

Public and private R&D funding.

Public procurement of low-carbon products and services.

Green certificates (e.g. renewable portfolio standard).

Feed-in tariffs for electricity from renewable.

Public investment in infrastructure for new low-carbon technologies.

Policies to remove financial barriers to green technology (loans, revolving funds,

direct financial transfers, preferential tax treatment).

Capacity building for the workforce, infrastructure development .

Information and

voluntary approaches

Rating and labelling programmes.

Public information campaigns.

Education and training.

Product certification and labelling.

Award schemes.


