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Abstract 
The COP21 summit in Paris led to a policy commitment of limiting the global temperature increase to 1.5-
2.0 °C and this can be translated to a global annual greenhouse gas (GHG) emission budget that is shrinking 
rapidly throughout the 21st century. Here, we estimate the reductions in GHG emission intensities of 
technologies that will be required for the embedded GHG emissions of a developed nation to stay within its 
fair share of a global emission budget in the year 2050. The estimates are made for different conceivable 
developments in consumption patterns in the case of Denmark, based on a large survey of current 
consumption patterns. To evaluate whether the required emission intensity reductions are likely to be met, 
they are compared to historic time series of emission intensities and to projections for 2050, based on 
policies currently in place, for ten technologies that have a high contribution to current GHG emissions. 
 
We estimate that emission intensities must be reduced by factors of 2-12 and 5-14, depending on the 
development in consumption, for the 2.0 and 1.5 °C climate goals, respectively. Of the ten selected 
technologies, only electricity supply is projected to, partially, meet the most strict reduction target, 
applying to a scenario where all inhabitants in 2050 consume as the most consuming inhabitants today.  
The results indicate that both a change in “consumption as usual” and in “business as usual” is needed for 
developed nations to meet equitable climate targets. This has implications for national and international 
policies targeting GHG emission intensities and may require a new orientation of policies to consider the 
societal structures around consumption.  

 

1. Introduction 
Research in sustainability science typically takes either a technology- or a consumer perspective. 
Technology-oriented research addresses the question of how to reduce the environmental pressures 
associated with producing predetermined quantities of goods and services and uses concepts and tools 
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such as life cycle assessment (ISO, 2006a, 2006b), eco-design (McAloone and Bey, 2009) and 
environmentally extended input output (EEIO) analysis (Wiedmann, 2009). Technology-oriented research 
either considers environmental pressures within defined territories or pressures “embedded” in goods and 
services and occurring in multiple territories throughout their supply chains (sometimes called 
consumption-based accounting (Kokoni and Skea, 2014)). By comparison, consumer-oriented research uses 
a variety of scientific disciplines, such as economy, psychology and sociology, to address the question of 
how individuals and groups of people can consume in less environmentally harmful ways (Creutzig et al., 
2018). Policy interventions targeting technology and consumers can be seen as two levers for attempting to 
ensure the conditions for sustainable development by preventing the transgression of environmental 
carrying capacities (Rees, 1996; Sayre, 2008) or planetary boundaries (Rockström et al., 2009; Steffen et al., 
2015). Lately, there has been a strong focus in sustainability science on the policy commitment of the Paris 
Agreement to limiting global temperature increase to 1.5-2.0 degrees Celsius. Climate change science and 
integrated assessment modelling has led to a translation of this temperature goal to proposals of a global 
annual GHG emission budget that is shrinking rapidly throughout the 21st century (van Vuuren et al., 2011). 
 
Absolute emission budgets, and carrying capacities in general, poses a challenge for the common division of 
sustainability science into technology- and consumer oriented research: Solely taking a technology 
perspective in estimating how much the efficiencies of technologies must increase (see, for example, Girod 
et al. (2013) and PwC (2015)), means neglecting the potential effect of a pathway that diverges from 
“consumption as usual”. Likewise, solely taking a consumer perspective in exploring how, physically and 
practically, a person or a household can live within what may be considered its “fair share” of carrying 
capacity (see, for example, GFN (2016) and Laakso and Lettenmeier (2014)), means disregarding the effect 
of efficiency improvements of technologies on the solution space. In other words, while the potentials of 
using either the technology- or the consumer related policy intervention lever for developing within 
carrying capacities have been separately studied, their combined potential is still not well-understood. 
 
This study examines the quantitative potentials of both levers in the pursuit of absolute targets for 
embedded GHG emissions of a nation. Our overarching research question is: “Can foreseeable efficiency 
improvements of technologies and conceivable changes in consumption patterns allow a developed nation 
to make its fair contribution to meeting the global temperature goals of the Paris Agreement?” We explore 
foreseeable efficiency improvements of technologies through scenarios that are based on current policies 
(i.e. using a frozen policy assumption). Different conceivable changes in consumption patterns within a 
nation are developed from observed variations between current carbon footprints of individuals, estimated 
from survey data. While policy targets for GHG emissions are often of a territorial nature, e.g. in the context 
of the Kyoto Protocol and the Paris Agreement, emissions embedded in goods and services are of focus in 
this study. This means taking the perspective that a nation is responsible for GHG emissions occurring 
outside its territory as a result of its consumption. For convenience, we generally use the term “carbon 
footprint” for embedded GHG emissions throughout this study.  
 
Denmark was chosen as a case due to the large availability of environmentally relevant data on Danish 
consumption and technology. Based on the overarching research question presented above, the following 
three technical research questions were developed:  

1. What is the distribution of personal carbon footprints across the Danish population and what is the 
contribution of different goods and services to the footprints? 
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2. Which reductions in GHG emission intensities of technologies used to deliver goods and services 
consumed in Denmark will be required in the year 2050 to comply with the temperature goals of 
the Paris Agreement for the range of consumption patterns currently observed in Denmark? 

3. Are these reduction requirements likely to be met, judging from historical development in 
technological efficiencies and future projections based on policies currently in place?  

 
We focus on the year 2050 because it represents a time where drastic reductions in global emissions, 
compared to current levels, will be required in order to meet climate goals (Rogelj et al., 2015; Rogelj et al., 
2012), but also a time that is close enough to be relevant to current policy decisions (van Vuuren et al., 
2015). 
 
The novelty of this study primarily lies in its integration of a technology- and consumer perspective. An 
integrative approach was previously taken by Girod et al. (2014), who discussed policies for removing 
barriers that prevent individuals from choosing existing goods and services that have carbon footprints low 
enough to, collectively, meet 2050 per capita emission target calculated by Girod et al. (2013). In their 
work, however, it is unclear whether an individual that only consumes the identified low-carbon goods and 
services (e.g. resorts to biking for all transportation) can, in practice, function in current societies, i.e. 
whether the required consumption pattern is obtainable. Similarly, de Koning et al. (2016) and Grubler et 
al. (2018) considered the potentials of low-carbon technologies as well as changes in consumption to align 
global GHG emissions with an emission budget for 2050, but these consumption changes were largely 
theoretical. By contrast, this paper studies potential consumption changes that reflect self-reported actual 
consumption patterns from a large survey. Another novelty of our study is the comparison of the estimated 
required reduction in GHG emission intensity to historical and foreseeable future trends in emission 
intensities of important technologies. Further, we discuss the implications of our findings for climate 
change policies and we use practice theory (Røpke, 2009) to outline how policies may better consider the 
social dimension of consumption. Although the studied technologies and consumption patterns reflect a 
Danish setting, the conclusions drawn are relevant for many other developed nations and the 
methodological approach is universally applicable.  
 

2. Methods 
The aforementioned three research questions are addressed one by one in the following sub-sections. 
Figure 1 offers an overview of the methodological steps involved in addressing the three questions, the 
types of data sources involved and the steps in which uncertainties are assessed quantitatively. Additional 
uncertainties are addressed qualitatively in Section 4.1. 
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Figure 1: Overview of methodological steps.  
 
2.1. Personal carbon footprints  
The first step of the footprint calculations was to obtain information on quantities of, or expenditure on, 
goods and services consumed by a wide segment of Danish inhabitants during one year. We used survey 
results from Kalbar et al. (2016), who gathered responses from 1281 inhabitants living in urban areas 
during 1 year, stretching over 2013-2014 (Kalbar et al., 2016). The consumption data covers the seven 
categories of food, dwelling, thermal energy, electricity, road transport, air transport and additional goods 
and services. We assume that the carbon footprints to be calculated are valid for the year 2014 when later 
comparing them to time series of GHG emission intensities (see Section 2.3).  
 
Next, a life cycle inventory (LCI) model for the 2014 consumption of each respondent was constructed 
based on the survey data. As a basis, we here adopted the LCI model constructed in Kalbar et al. (2016), 
which is based on a combination of the Ecoinvent 2.2 and 3.1 databases (Association Ecoinvent, 2018). 
Goods and services not covered by Ecoinvent were modelled by Kalbar et al. (2016) using the EEIO 
database FORWAST (Schmidt et al., 2010). For the purchasing of large consumer goods (such as a new 
house), production-related emissions were equally allocated to each year of the expected life times of 
these goods, so as to avoid variations in emissions between respondents caused by the timing of such 
acquisitions. Details of the LCI models adopted in this study are presented in Kalbar et al. (2016).  
 
Embedded GHG emissions associated with public services (schools, roads, hospitals, etc.) were not covered 
by the LCI models of Kalbar et al. (2016). We here estimated emissions from all public services by using the 
Exiobase v3.3.8 hybrid input output (IO) database (Merciai and Schmidt, 2018; Stadler et al., 2018) for the 
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year 2011, the latest year in the database. Exiobase is a global multi-regional EEIO model and was used in a 
hybrid version in this study. This means that the EEIO model is based on three different sets of supply use 
tables (SUT) in different units: monetary, mass (dry matter) and energy. The data and methods for 
constructing the SUTs in Exiobase v3 are described in detail in Merciai and Schmidt (2018). The carbon 
footprint from public services used by each respondent in 2014 was calculated simply by dividing the total 
national estimate of Exiobase for 2011 by the population of Denmark in that year, which gave a figure of 
3.0 ton CO2-eq. This pragmatic approach does not capture variations between the use of public services 
amongst individuals of a population, but the survey responses did not allow us to make such 
differentiations.  
 
Having constructed a complete LCI model, the carbon footprints were finally calculated by multiplying the 
LCI results (the total life cycle quantities of different GHG emissions) by emission-specific characterization 
factors. These factors are taken from the GWP-100 indicator (IPCC, 2013) and account for the cumulated 
radiative forcing of GHGs, relative to the radiative forcing of CO2, over a time-interval of 100 years. 
 
2.2. Required reductions in GHG emissions intensities 
The first step in calculating the required reductions in GHG emission intensities was to construct four 
explorative consumption scenarios for the year 2050. These were based on the 1281 personal carbon 
footprint results from the consumption survey of Kalbar et al. (2016). We use the word “explorative” to 
stress that none of the scenarios are attempting to predict the actual future consumption of the Danish 
population. Instead, they should be seen as “what-if” scenarios, because they are used to calculate what 
the required decrease in GHG emission intensities of technologies would be, if the Danish population were 
to consume according to a certain consumption pattern, observed in the present population through the 
survey of Kalbar et al. (2016). Table 1 presents the four consumption scenarios. 
 
Table 1: Four explorative scenarios for the consumption of the average inhabitant of Denmark in the year 2050 
Scenario name Explanation 
1:Same Identical to the average consumption across all respondents of Kalbar et al. (2016). 
2:Increase Identical to the average consumption of the 128 respondents of Kalbar et al. (2016) that have 

the highest carbon footprints (above the 90th percentile).  
3:Decrease Identical to the average consumption of the 128 respondents of Kalbar et al. (2016) that have 

the lowest carbon footprints (below the 10th percentile). 
4:No 
car/airplane/meat 

Identical to the average consumption of the 47 respondents of Kalbar et al. (2016) that do not 
own a car, refrain from air travel and are vegetarian.  

  
Each of the explorative scenarios represents a consumption pattern that can currently be observed within a 
large sample of the Danish population (Kalbar et al., 2016) and in combination they provide an indication of 
how much the total carbon footprint of Denmark could change if the entire population engaged with 
consumption patterns that groups of the population are already exhibiting. For Scenario 1:Same it is 
assumed that the average inhabitant in 2050 will have the same consumption as the average respondent of 
Kalbar et al. (2016). The design of Scenario 2:Increase and 3:Decrease was inspired by Girod and de Haan 
(2009) and they can be seen as high and low extremes of current consumption patterns. Scenario 
2:Increase is probably closest to “consumption as usual”, considering the historical increases in private 
consumption within the Danish population (the per capita consumption in Denmark, measured in constant 
prices, increased 19% from 1994 to 2014 (Statistics Denmark. Prices and consumption, 2016). Scenario 4:No 
car/airplane/meat was included to observe the effect of having zero consumption of three activities that 
are commonly associated with high levels of GHG emissions and for which less emission intensive 
alternatives are readily available. For each consumption scenario, the 2050 per capita carbon footprint, 
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assuming no changes in technology, was then calculated using the LCI results calculated for each survey 
respondent (see Section 2.1).  
 
Next, per capita emission targets for the year 2050 were calculated based on broadly accepted scenarios of 
future GHG emissions and global population. The overarching aim of the Paris Agreement is to keep “the 
increase in the global average temperature to well below 2°C above pre-industrial levels and pursuing 
efforts to limit the temperature increase to 1.5°C” (UNFCCC, 2015). We therefore calculate the per capita 
GHG emissions of 2050 that are consistent with a temperature increase of 2.0 degrees and 1.5 degrees, 
respectively. For both climate goals we allocate global emissions to the per capita level based on the 
principle of equal global per capita allocation, meaning that each person by the year 2050 is considered 
entitled to the same quantity of annual GHG emissions. While this choice of allocation might seem 
intuitively fair, we note that others have argued for alternative allocations, e.g. considering the historic 
responsibilities of nations, “rights to develop” or the needs for artificial heating or cooling determined by 
climatic conditions (Fanning and O’Neill, 2016; Starkey, 2008). 
 
For the 2.0 degrees goal, we followed the approach of Girod et al. (2013) and divided the median global 
2050 GHG emissions of the RCP2.6 pathway (19Gt CO2-eq per year, GWP-100) by the medium global 
population projection of the United Nations (UN) (UN, 2015) (9.725 billion), which gives 2.0 tons CO2-eq per 
capita. RCP2.6 is a representative pathway for a range of emission scenarios that are consistent with the 
ambition to maintain the global mean temperature increase below 2.0 degrees (van Vuuren et al., 2011). 
For quantitative assessment of the uncertainties of emission pathways, we used the 15th and 85th percentile 
of the 2050 emissions estimates of all the 101 RCP2.6 pathway scenarios of the IIASA (2014) scenario 
database, which were found to be 17 and 27 Gt CO2-eq per year, respectively. Further, taking into account 
the low (8.710 billion) and high (10.801 billion) variants of the UN global population projections for 2050 
(UN, 2015), we obtained an uncertainty interval for the 2050 per capita target of 1.6 – 3.1 tons CO2-eq.  
 
For the 1.5 degrees goal, we divided the global median GHG emissions for 2050 for all the 1.5 degrees 
scenarios reviewed by Rogelj et al. (2015) (13Gt CO2-eq per year, GWP-100) by the medium UN population 
projection, which gives 1.3 tons per capita. Rogelj et al. (2015) reported the 15th and 85th percentile of all 
the 1.5 degrees warming scenarios that they reviewed to be 6 and 16 Gtons CO2-eq per year respectively. 
Combined with the uncertainty of the global population projection for 2050 (see above), we obtained an 
uncertainty interval for the 2050 per capita target of 0.6 - 1.8 tons CO2-eq. Finally, we calculated GHG 
emission intensity reduction factors for the four consumption scenarios by dividing the would-be 2050 
carbon footprint, computed for each consumption scenario, by the calculated 2050 per capita GHG 
emissions targets. 
 

It must be noted that the climate scenarios consistent with the 1.5 and 2.0 degrees climate goals assume 
net negative CO2 emission after the years 2050 and 2070, respectively (the 13Gt CO2-eq per year 2050 
carbon budget for the 1.5 degrees scenario is thus primarily made up of non-CO2 GHGs (Rogelj et al., 
2015)). The net negative CO2 emissions are achieved by a massive deployment of negative emission 
technologies (NETs) in the scenarios, such as bioenergy combined with carbon capture and sequestration 
(Minx et al., 2018, 2017). Indeed, the 1.5 degree climate goal is highly challenging to meet without NETs, 
given that the remaining carbon budget for the entire 21st century, by some accounts, will already be 
depleted around the year 2022 if current emission trends continue (Millar et al., 2017; Minx et al., 2018). 
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However, there is a large gap between the important role in climate change mitigation that most climate 
scenarios give to NETs and the slow pace of actual innovation in and deployment of NETs. Biophysical limits 
and social resistance are also likely to constrain a potential massive deployment (Minx et al., 2018). Unless 
massive deployment of NETs will actually happen, the 2050 per capita emission targets calculated above 
are therefore overestimated. 

2.3. Past and future GHG emission intensities of relevant technologies 
Personal carbon footprints are composed of contributions from hundreds of goods and services that each 
involves hundreds of industrial processes throughout their life cycles (from raw material acquisition to 
disposal after use). To address the third research question of the analysis (whether GHG emission reduction 
requirements are likely to be met, see Section 1), a manageable number of relevant technologies was 
selected. We here use “technology” as an umbrella term covering both individual processes (e.g. the 
operation of an aircraft), a series of processes within a factory (e.g. manufacturing of steel) and the system 
of processes required to deliver a product (such as beef) or a service (such as electricity supply) from 
“cradle” to “gate”. The seven consumption categories of Kalbar et al. (2016) all contribute with more than 
10% to the carbon footprint of the average respondent. All categories were therefore considered for the 
selection of relevant technologies in this study. The narrow categories thermal energy, electricity and air 
transport were directly adopted as technologies. The more heterogeneous categories of road transport, 
dwelling and food led to the selection of the additional technologies car transport, steel and cement 
manufacture and beef and dairy production, which were found to dominate the footprints of those three 
categories, respectively (data not shown). When comparing these initially selected technologies with the 
technologies that are used by the industries that contributed the most to the total carbon footprint of 
Denmark in 2011, according to Exiobase v3, hybrid version (Merciai and Schmidt, 2018), we observed a 
good agreement, and additionally added transport of goods by ship (which contributes, to varying extends, 
to all consumption categories of Kalbar (2016)) and public services to the selection. Table 2 presents the 
ten selected technologies and related modelling information.  

Table 2: Relevant technologies and modelling information. 
Technology System 

boundary  
Spatial scope Unit* Historic data 

sources 
Future scenario 
sources 

Steel manufacture Manufacturing 
plants 

EU and global Kg CO2/t-crude steel World Steel 
Association (2017) 

IEA (2016) 

Cement 
manufacture 

Manufacturing 
plants 

EU and global Kg CO2/t white 
cement 

WBCSD (2014) IEA (2016) 

Thermal energy 
supply 

Power plants Denmark Kg CO2-eq/GJ district 
heating 

DEA (2015a) DEA (2015b) 

Electricity supply Power plants Denmark Kg CO2-eq/kWh - elec DEA (2015a) DEA (2015b) 
Car transport  Cars Denmark Gram CO2-eq/km DEA (2016a) DEA (2015b) 
Air transport Aircrafts EU Gram CO2/p-km IEA (2016) IEA (2016) 
Transport of 
goods by ship  

Ships Global Gram CO2/ton-km UNCTAD (2016) IEA (2016) 

Beef production  Cradle to gate Denmark and some 
upstream emissions in 
other countries 

Kg CO2-eq/kg dry 
matter  

Merciai and 
Schmidt (2018) 

This study 

Dairy production  Cradle to gate Denmark and some 
upstream emissions in 
other countries 

Kg CO2-eq/kg dry 
matter  

Merciai and 
Schmidt (2018) 

This study 

Supply of public 
services 

Cradle to gate Denmark and some 
upstream emissions in 
other countries 

Kg CO2-eq/$ (constant 
prices, PPP) 

Merciai and 
Schmidt (2018) 

This study 

*”CO2” indicates that CO2 is the only covered GHG, whereas “CO2-eq” indicates coverage of multiple GHGs.  
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Next, historical time series of GHG emission intensities were obtained from external sources for all selected 
technologies, mainly drawing on statistical agencies, government bodies and industry associations (see 
Table 2). Supplementary Information 1 documents the construction of the historical time series in a 
spreadsheet format. For steel and cement manufacture we included both a dataset representing EU and a 
global dataset. The former is most representative for the consumption of steel in Denmark, while the latter 
is consistent with the global scope of the corresponding future scenarios (see below). 
 
Finally, we obtained future scenarios of GHG emission intensities for the technologies of Table 2. We aimed 
for scenarios representing a frozen policy assumption, i.e. assuming that policies currently in place will 
remain unchanged until 2050. In recognition of the uncertainties of such scenario building, we, to the 
extent possible, obtained a conservative (low reduction in GHG emissions intensity) and an optimistic (high 
reduction in GHG emissions intensity) scenario for every technology. For the four technologies at the 
European and global scales (steel and cement manufacture, air transport and transport of goods by ship, 
see Table 2), a conservative and an optimistic scenario was obtained from the International Energy Agency 
(IEA, 2016). The conservative scenario is based on policies currently in place, while the optimistic scenario 
assumes that all nations will meet their emission pledges in the Paris Agreement through implementation 
of additional policies. From the model results of these two types of IEA scenarios we calculated GHG 
emission intensities for four technologies (see Table 2) in 5-year time steps until the year 2050 (dividing 
total GHG emissions by the corresponding predicted production volumes) and used linear interpolation for 
the years in between. For thermal energy and electricity supply and car transport, specific to Denmark, the 
conservative and optimistic GHG emission intensity scenarios of the Danish Energy Agency (DEA, 2015b) 
were used. Both scenarios reflect a frozen policy assumption, but the optimistic scenario assumes a higher 
price on CO2 on the European carbon market, the installation of more wind power in Denmark, and a 
stronger decarbonization of neighboring economies, compared to the assumptions of the conservative 
scenario. Note that the scenarios obtained for the technologies of Table 2 do not involve any notable 
contribution from negative emission technologies (NETs) in 2050. This indicates that NETs are unlikely to 
play a significant role in climate change mitigation under the policies currently in place, which contrasts 
with the central role they are given in most 1.5 and 2.0 degrees climate scenarios (see Section 2.2). 
Supplementary Information 1 and 2 provide a detailed documentation of the use of the IEA and DEA 
scenarios in this study, including their linking to the historic time series. Note that the IEA and DEA 
scenarios all focus on “hot spots” in the life cycle of goods and services, rather than taking a full life cycle 
perspective. For some technologies in Table 2, historical data could be obtained for a larger part of their life 
cycle, but for the sake of consistency, the same system boundaries were used for the historical and future 
time series for a given technology (see Table 2). 
 
The DEA GHG emission intensity scenarios only extend to the year 2025. Moreover, no suitable scenarios 
could be identified in the literature for future beef and dairy production or supply of public services. To fill 
these gaps, we extended the existing scenarios and developed new future scenarios for beef production 
and supply of public services using exponential regression. For these two technologies only a single future 
scenario was developed, due to lack of a basis for constructing conservative and optimistic scenarios. We 
also attempted to develop a future scenario for dairy production, but abandoned the idea because of the 
strong fluctuations in historical emissions intensities for dairy production, which makes any future 
projection highly uncertain (see Section 3.1). The development of scenarios is documented in 
Supplementary Information 1 and 2. Note that the historic and projected emission intensities of the ten 
selected technologies are averages and that emission intensities vary within each technology, e.g. because 
of differences in fuel efficiencies between car models for car transport. 
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3. Results 
3.1. Personal carbon footprints  
Figure 2 presents the carbon footprints of the 1281 respondents of Kalbar et al. (2016) (left vertical axis). 

 
Figure 2: Ranked personal carbon footprints in 2014 from the 1281 respondents of Kalbar et al. (2016). Every dot 
represents an individual. The four consumption scenarios for 2050 (see Table 1) are indicated with horizontal lines. 
The right-hand vertical axis shows the factor by which the average GHG emission intensity across all technologies 
must be reduced to meet a 2050 emission target of 2.0 tons CO2-eq per capita, which is consistent with the 2.0 
degrees climate goal (medium global GHG emission budget and population estimates. Additional reduction factors 
are listed in Table 3. 
 
The average respondent was found to have a carbon footprint of 11.4 tons CO2-eq in 2014. This is much 
lower than the 18.7 tons CO2-eq per capita calculated using the Exiobase v3 hybrid IO database (Merciai 
and Schmidt, 2018) for the average Danish resident in the year 2011. The reason for this difference is 
discussed in Section 4.1. The extreme low and high personal annual footprints were found to span an 
interval of 5-34 tons CO2-eq per year. The four consumption scenarios for 2050 are also indicated on Figure 
2 and their associated current carbon footprints are broken up into contributions from categories of goods 
and services in Figure 3. 
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Figure 3: Composition of personal carbon footprints for the four consumption scenarios. 

 
It can be seen that the footprint components’ absolute contributions to personal carbon footprints differ 
substantially across scenarios. The difference between highest and lowest contribution is largest for 
household district heating (3.3 tons CO2-eq difference), road transport (2.6 tons CO2-eq difference) and air 
transport (2.2 tons CO2-eq difference). This suggests that these components should receive high attention 
in the design of sustainable consumption policies (see Section 4.3.2). Note also that the contribution from 
the public sector amounts to almost 50% of the lowest current personal carbon footprints. This shows that 
consumption reduction in the public sector also can be an important lever for the reduction in per capita 
footprints, as further discussed in Section 4.2. 
 
Required reductions of GHG emission intensities 
The right-hand vertical axis of Figure 2 presents, for the different carbon footprints (left vertical axis), the 
GHG emission intensity reduction factors that are required by the year 2050 to meet the per capita 
emission target based on the 2.0 degrees climate goal. A factor 10 reduction is required for Scenario 
2:Increase. So if all inhabitants of Denmark by the year 2050 were to exhibit the consumption pattern of 
the highest tenth percentile of the population surveyed by Kalbar et al. (2016), the technologies used to 
deliver the consumed goods and services must, on average, increase their efficiencies 10 times. In contrast, 
Scenario 3:Decrease, reflecting the most ambitious changes towards low-carbon consumption, only 
requires a factor 3 reduction in the average GHG emission intensity of technologies. Hence, Figure 2 shows 
that variations in the conceivable future consumption pattern of a population can greatly influence the 
potential to meet climate targets for national consumption. 
 
By comparison, Girod et al. (2013) estimated that a factor 5 reduction in GHG emission intensities in the 
production of goods and services globally would be needed in 2050, compared to 2010, to meet the 2.0 
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degrees climate goal, when assuming a “consumption as usual” development in all regions of the world. 
This estimate is closest to the requirement found in this study for Scenario 1:Same (see Figure 2).  
Thus, if the global development in living standards is to follow current trends, then the required reduction 
in the GHG emission intensity of global production is around the same as the required emission intensity 
reduction of the production that is satisfying a Danish consumption stabilized at current levels.  
 
 
In addition to the reduction factors in Figure 2, Table 3 shows reduction factors for the 1.5 degrees climate 
goas for the four consumption scenarios. The table also shows low and high reduction factors for both 
climate goals, derived from combinations of low and high estimates of the global population and GHG 
emission budget in 2050 (see Section 2.2).  
 
Table 3: GHG emission intensity reduction factors for all combinations of consumption scenarios, climate goals and 
modelling estimates. Low = low population and high GHG emission budget; Medium = medium population and 
medium GHG emission budget; High = high population and low GHG emission budget.  

 
1:Same 2:Increase 3:Decrease 

4:No car/ 
airplane/meat 

2.0 degrees goal, low 3.7 6.2 2.0 2.4 

2.0 degrees goal, medium 5.8 9.8 3.2 3.7 

2.0 degrees goal, high 7.3 12.1 4.0 4.6 

1.5 degrees goal, low 6.2 10.4 3.4 4.0 

1.5 degrees goal, medium 8.5 14.3 4.7 5.5 

1.5 degrees goal, high 20.6 34.3 11.4 13.2 

 
3.2. Past and future GHG emission intensities of relevant technologies compared to targets 
Figure 4 presents GHG emission intensity time series for the ten technologies that were found to have high 
contributions to the carbon footprint of the average respondent of Kalbar et al. (2016) (see Table 2), and 
also the reduction targets for the year 2050 corresponding to the four explorative consumption scenarios 
(see Table 1). 
 
The historic time series for the ten technologies of Figure 4 end in 2011-2015. After the last year of historic 
data, scenarios account for the developments until the year 2050. Dashed and dotted graphs in Figure 4 
indicate, respectively, scenarios adopted from literature and scenarios constructed in this study (details in 
Supplementary Information 1 and 2). The four target intervals for 2050 are based on inversions of the GHG 
emission intensity reduction factors of Table 3. Each of the 2050 target intervals for the four consumption 
scenarios span the variations in temperature goal (2.0 or 1.5 degrees) and modelling estimates of 
population (low, medium, high) and 2050 GHG emission budgets (high, medium, low). For example, the 
interval for Scenario 3:Decrease was calculated as 1/11.4 to 1/2.0 = 0.09 to 0.49 (see Table 3).  
 
Figure 4 offers the following interpretation: if the population of Denmark in 2050 on average will be having 
the consumption pattern of one of the four consumption scenarios, then the future GHG emission 
intensities will be required to decrease to the 2050 target interval for that consumption scenario, in order 
for the per capita GHG emission to be aligned with one or more climate goals. Note that the 2050 GHG 
emission intensity target intervals of Figure 4 apply to all the technologies involved in the delivery of the 
goods and services consumed by the Danish population, amongst which the ten selected technologies 
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covered by Figure 4 have especially high contributions to carbon footprints. We do not propose that all 
technologies must reduce their GHG emission intensities by the same factor, since reductions are expected 
to be more economically feasible for some technologies than for others (Girod et al., 2013; IEA, 2016). 
Therefore, the 2050 emission targets may be met even if some of the selected technologies covered by 
Figure 4 fail to meet an emission intensity target interval, provided that other technologies achieve an even 
higher reductions in emission intensity than the target interval.  
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Figure 4: GHG emission intensities for ten selected technologies (Table 2) and 2050 target intervals for each of the four consumption scenarios. Historic time series are solid, future 
scenarios adopted from the literature are dashes, and future scenarios developed in this study are dotted. For the majority of the technologies, both a conservative (low reduction 
of GHG emission intensity) and an optimistic (high reduction of GHG emission intensity) scenario are shown. 2050 targets for each consumption scenario are shown as intervals, 
spanning over the two temperature goals and low to high modelling estimates (see Table 3). The bottom right corner of the graph is magnified in the top right corner.  
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It is apparent from Figure 4 that the GHG emission intensities of many of the displayed technologies 
have decreased steadily over past decades, while the intensity for some technologies, such as transport 
by car and cement manufacture (both in EU and globally) have been rather constant. For some 
technologies the historic developments in GHG emissions intensities show strong fluctuations, most 
notably for beef and dairy production. For these two technologies the fluctuations are largely caused by 
interannual variations in sourcing locations for fodder, crop yields and fertilizer and pesticide use, 
caused by climatic variations. 
 
The GHG emission intensities of technologies are projected to decrease in most future scenarios (dashed 
or dotted graphs). The projected decreases vary substantially between technologies with the 2050 GHG 
emission intensity of Danish electricity supply projected to be less than 20% of its 2014 value, while the 
2050 intensity for steel manufacture is projected to be around 90% of its 2014 value. By comparison, the 
2050 GHG emission intensity of an average unit of production (constant prices, purchase power parity 
corrected) is projected to decrease to 38-50% of its 2014 value, according to the optimistic and 
conservative scenarios of IEA (2016) (see Supplementary Information 1). The emission intensities of 
most time series (historic data and scenarios) decrease with time in accordance with an exponential 
development, which indicates potential limits to efficiency gains, under the assumed frozen policy 
regimes. However, it must be noted that there is a large difference between potential efficiency gains 
within the current economic regime and the gains that are technologically feasible. Cullen et al. (2011), 
for example, estimated that the global energy demand could be reduced by 73% (46-98% across 
technologies) by applying engineering options already known. This energy reduction potential translates 
into an even larger GHG emission reduction potential, considering the effect of switching from high to 
low emission intensive energy provision technologies. 
 
Figure 4 shows that the GHG emission intensities of four of the ten technologies are projected to meet 
the intensity target interval for Scenario 3:Decrease, while only one technology, electricity supply, is 
projected to meet the (upper part of) the intensity target interval for the Scenario 2:Increase. This 
demonstrates that the consumption pattern of the future Danish population has a strong influence on 
the extent to which the environmental policies that are currently in place are projected to be sufficient. 
Also, it can be seen that no technology reaches the lower target interval boundary for any of the four 
consumption scenarios, which correspond to the 1.5 degrees temperature goal with a high global 
population projection and a low GHG emission budget estimation. This shows that uncertainties in the 
derivation of the 2050 climate targets also greatly influences whether the combined effects of improving 
technological efficiencies and conceivable changes in consumption patterns can be considered sufficient 
to meet these targets.  

4. Discussion 
In this section, we first propose how uncertainties and methodological shortcomings may be reduced to 
better answer the research question of this paper. We then address the policy implications of our 
findings. 
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4.1. Limitations of study and potentials for improvement 
This study found an average carbon footprint of 11.4 tons CO2-eq per year for the survey respondents of 
Kalbar et al. (2016) in 2014. This is 39% lower than the 18.7 tons CO2-eq per capita per year for Denmark 
in 2011, which is the most recent estimate based on EEIO analysis, in the form of the Exiobase v3 hybrid 
IO database (Merciai and Schmidt, 2018). The 18.7 tons may be somewhat overestimated, because the 
contribution from the Danish ”Sea and coastal water transport” industry amounts to almost 1 ton CO2-
eq per year, which is clearly an overestimation. Still, the main explanation for the discrepancy between 
the average personal carbon footprint derived in this study and the Exiobase estimate is likely that the 
former is underestimated: First, even though invitations to participating in the online survey of Kalbar et 
al. (2016) was distributed to around 16,000 households in different parts of Denmark, the 1281 
respondents may not be representative of the entire Danish population. This is because the time and 
effort required to answer the survey may have caused environmentally conscious individuals to be 
overrepresented. This type of response bias is difficult to avoid when gathering self-reported 
environmental data. Another source of underestimation may be our choice of calculating footprints 
using a process-based approach to inventorying life cycle emissions. This approach is, with few 
documented exceptions (see e.g. Goldstein et al. (2017)), known to underestimate environmental 
impacts. This is due to the practice of “cutting off” from the system boundaries the parts of the supply 
chains of goods and services, which are judged to, individually, have negligible effects on the total 
footprint and for which process data are difficult to obtain (Kalbar et al., 2016). Future studies may 
eliminate this cause of underestimation by using EEIO analysis to model footprints based on personal 
expenditure on different goods and services, but this would likely come at the cost of less detailed 
modelling of technologies than in the process-based approach taken here. Yet, EEIO models are 
developing towards higher product- and industry granularity and higher geographical resolution and is 
thus expected to become a more viable alternative to the process-based approach. 
 
Our study focuses on trends in the GHG emission intensities of a subset of technologies, which had high 
contributions to the personal carbon footprints amongst the survey respondents, and compares these 
trends to the emission intensity reduction that is required to meet climate targets for the different 
consumption scenarios. This gives important insights as to whether key technologies are “on track” 
towards meeting these requirements. However, it must be noted that, for most technologies, different 
data sources had to be used to construct historical and future time series. This constitutes a risk of 
inconsistencies between system boundaries and data generation and modelling procedures (see 
Supplementary Information 1 and 2). If the developers of future scenarios (e.g. IEA) would disclose the 
historic time series that they have used to construct future scenarios, more internally consistent time 
series of GHG emission intensities could be developed and used to improve future studies similar to this.  
 
In our study, the construction of future consumption scenarios was based on observed variations 
between personal carbon footprints within the current population. Compared to the creation of 
hypothetical scenarios, this approach has the advantage that scenarios are based on consumption 
patterns of actual groups of people (Girod and de Haan, 2009) and hence represent consumption 
patterns that are possible today. Yet, the approach also has drawbacks. First, it does not consider the 
level of well-being associated with different consumption patterns. To ensure that a low emission level 
does not come at the cost of unacceptable reductions in well-being, the approach of Druckman and 
Jackson (2010) could be taken. They constructed a consumption scenario based on a minimum 
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acceptable material standard of living, which was derived through a “consensual discussion” amongst 
citizens informed by expert inputs. Such a minimum standard is likely to change over time (Gough, 2017) 
(see also Section 4.3.2) and may therefore be complemented by the techniques of Spurling and Kuijer 
(2016) and Spurling and Jensen (2017) to imagine radically different future consumption patterns.  
 
Our study disregards the connections between income and personal carbon footprints. Environmental 
impacts generally correlate well with income (Girod et al., 2013; Girod and de Haan, 2009). The average 
income of the respondents that Scenario 3:Decrease is based on is therefore likely to be lower than the 
average income of all respondents (corresponding to Scenario 1:Same) (Girod and de Haan, 2009). Since 
people tend to spend, rather than accumulate, their income, it is unrealistic to expect the entire 
population to follow the consumption pattern of Scenario 3:Decrease. Future studies could design 
consumption scenarios to have equal average expenditure, using a technique inspired by Girod and de 
Haan (2009). A low emission scenario would then be characterised by the consumption of goods and 
services having a low GHG emission per unit of cost (such as art or domestic help). Identifying such 
consumption patterns is furthermore important, considering the risk of the rebound-effect, which 
occurs when an efficiency-improvement in the delivery of a good or service results in a cost saving to the 
user, which consequently lead to in an increased consumption of this or other goods or services (Chitnis 
et al., 2013; Sorrell, 2015). 
 
4.2. Policy implications 
Figure 4 shows that current policies are insufficient in ensuring that Denmark will stay within its “fair 
share” of a global GHG emission budget in 2050. The degree of insufficiency is likely to be even greater 
than shown in Figure 4, considering this study’s underestimation of the current per capita carbon 
footprint (see Section 4.1) and considering that the target intervals for emission intensities are 
somewhat artificially high, since they are derived from scenarios involving an unrealistically high climate 
change mitigation from NETs (see Section 2.2). Further, our study suggests that neither the technology 
nor the consumer lever, by itself, is adequate: Even a large divergence from a “consumption as usual” 
development (Scenario 3:Decrease or 4:No meat/airplane/car) would, by itself, be insufficient in 
meeting climate targets for more than half of the ten selected technologies under current policies. 
Likewise, if consumption is to follow a “consumption as usual” development (as per Scenario 
2:Increase), then an annual average decarbonization across technologies of 5-9% (depending on the 
climate goal, population projections and estimated global GHG budget) would be required (data not 
shown). This requirement is likely unachievable, even if a large divergence from “business as usual” in 
technological innovation were to take place, considering that the historic annual average 
decarbonization rate of the ten technologies covered by Figure 4 was just 1.2% (varying between -0.2% 
for cement manufacture and 3.0% for thermal energy supply). Our findings are likely to be valid for most 
developed nations, given that the per capita carbon footprint of Denmark has been found to be close to 
the OECD average (Ivanova et al., 2015; Wood et al., 2018). Our findings are also in agreement with the 
finding of de Koning et al. (2016), who uses EEIO analysis to predict that even a large-scale 
implementation of low-carbon technologies, including NETs, at the global level will be insufficient in 
meeting a 2050 emission target based on the 2.0 degrees climate goal, if this is not accompanied by a 
large divergence from “consumption as usual”.  
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Several related studies have pointed out large gaps between frozen policy based GHG emission 
projections and emission pledges of many nations on one side and, on the other side, emission levels 
that would be aligned with climate goals (Rogelj et al., 2016; UNEP, 2015). These existing studies take a 
territorial approach in emission accounting and target setting, following the accounting procedure of 
United Nations Framework Convention on Climate Change (UNFCC). Our study complements such 
studies by using consumption-based accounting (i.e. covering emissions across supply chains, no matter 
where they occur) in the study of gaps between emission trends and targets. Considering that GHG 
emissions embedded in trade are globally increasing (both in absolute terms and relative to total 
emissions) (Wood et al., 2018), consumption-based accounting can be seen as an increasingly important 
complement to territorial accounting in the context of policies aiming to meet climate targets. 
 
Below, we take point of departure in the Danish policy context to discuss in greater details what our 
findings mean for technology-oriented climate policies. We then discuss how consumer-oriented 
policies may help to realize Scenario 3:Decrease or even more radical downward changes in 
consumption. Policies for restricting population growth are not explicitly considered, but it can be noted 
that they could potentially allow for a modestly higher 2050 per capita GHG emission budget: If the 
global population was to (hypothetically) stabilize at its 2014 level, the 2050 per capita emission budget 
(medium climate model estimates) would be 1.8 and 2.6 tons CO2-eq for the 1.5 and 2.0 degrees 
warming scenarios, respectively, instead of the 1.3 and 2.0 tons CO2-eq that correspond to the medium 
population projection of UN (2015) (data not shown). 
 

4.2.1. The role of existing and new technology- and consumer-oriented policies 
The Danish government, at the time of writing, has set a goal for 2050 to become “independent on fossil 
fuels” (DEA, 2016b). Meeting this goal would require new technology-oriented climate policies 
(Sørensen et al., 2015), such as taxes on fossil fuels or CO2 emissions, legal emission limits on 
technologies and favorable conditions for the development and mainstreaming of new low-carbon 
technologies (Girod et al., 2013). Independence of fossil fuels could mean close to zero emissions of CO2 
from the Danish territory, with potential cement production being the only significant source. According 
to the Exiobase v3 hybrid IO database (Merciai and Schmidt, 2018) zero territorial CO2 emissions would 
mean, all other things being equal, a 33% reduction in the carbon footprint of Denmark in 2050, from 
18.7 to 12.4 tons CO2-eq per capita. This reduced potential carbon footprint is still much higher than the 
targets derived in this study of 0.6-3.1 tons CO2-eq per capita, see Section 2.2. GHG emissions could be 
reduced further by additional domestic regulation aiming to restrict CH4 and N2O emissions from 
agriculture. However, as for many other developed nations, more than half (58%) of the Danish carbon 
footprint originated abroad in 2011 (Merciai and Schmidt, 2018). Therefore, when a developed nation, 
such as Denmark, only sets reduction target for territorial emissions, it means that the majority of the 
emissions caused by its consumption is potentially uncovered by the target. If individual nations were to 
take full responsibilities for embedded emissions abroad, trade barriers against emission intensive 
products, through a mechanisms of “border carbon adjustment” (Kokoni and Skea, 2014), would be an 
option. Another approach would be to reduce emission intensities globally in a coordinated fashion 
through international policy frameworks, such as UNFCCC. With regards to consumption in the public 
sector, which has a substantial contribution to the total Danish footprint (see Figure 3), 65% of it was 
found to originate abroad (Merciai and Schmidt, 2018). This share may be reduced by including emission 
limits as criteria for the state’s procurement of products and services. 
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With respect to consumer-oriented policies, the results of this study indicate that large changes in 
present consumption trends will be needed to meet the per capita 2050 climate targets. This calls for 
policies that effectively drive low-carbon consumption patterns. According to neoclassical economic 
theory, policies aiming to correct market externalities (e.g. through energy taxes) affect consumers in 
addition to producers, since price effects will incentivize a lower demand for emission-intensive 
products. However, such policy measures have often turned out to be less efficient than predicted by 
economic models due to “behavioral market failures”, i.e. people not behaving economically rational in 
response to market signals (Creutzig et al., 2018). Girod et al. (2014) discuss a range of complementary 
policy measures (e.g. product labeling, nudging and education) that aim to influence individuals to 
choose the least emission intensive option for satisfying a given need. Such policy measures have all, in 
varying extent, been implemented in Denmark throughout the last decades. Still, the nation’s per capita 
carbon footprint in the period 2000-2011 has been quite stable at a high level of 19-22 tons CO2-eq per 
year with only a minor decreasing trend over the entire period, according to Exiobase v3 (Merciai and 
Schmidt, 2018) (the study of (Wood et al., 2018) finds a similar trend). This implies that, during this 
period, the combined effect of any changes towards the consumption of goods and services with 
relatively low GHG emission intensities (such as energy efficient light bulbs) and the gradual GHG 
emission intensity reductions of various technologies (such as electricity supply) (see Figure 3) has been 
roughly cancelled out by an increase in consumption (combined with increases in GHG emission 
intensities associated with the outsourcing of some manufacture to regions like China, as discussed in 
Herrmann and Hauschild (2009)). Ironically, this increase in consumption may in part have been caused 
by a decrease in GHG emission intensities due to the rebound effect (see Section 4.1). The unfortunate 
stability of the per capita carbon footprint over the past decade suggests that there is a limit to how 
much existing sustainable consumption policies can take us towards radical reductions in carbon 
footprints, as also argued by Akenji (2014) and Gjerris et al. (2016). 
 

4.2.2. Beyond understanding consumption as a matter of individual choices 
It has been argued that to be effective, policies need to shift their scope from focusing only on the 
consumption choices of individuals to also considering social and institutional dimensions of 
consumption (Jensen, 2017; Spurling et al., 2013). Scholars of sustainable consumption are increasingly 
raising questions about how changes within complex socio-technical systems come about, and a palette 
of theories of social change are available for such inquires (Creutzig et al., 2018; Fuchs et al., 2016). 
Amongst these, theories of practice seem particularly relevant for understanding consumption beyond 
conscious purchasing decisions of individuals. In their everyday life, people engage in several social 
practices that give meaning to consumption. People cook, eat, shop and work, etc. and it is through the 
reproduction of these practices and their interactions, that certain levels of consumption are maintained 
as part of what is considered a “need” or “normal” (Røpke, 2009; Jensen, 2017). However, social 
conventions for what is considered normal can change. Shove (2003), for example, discusses how social 
conventions surrounding comfort (e.g. a pleasant indoor temperature), cleanliness (e.g. showering) and 
convenience (e.g. easing cooking via freezers and microwave ovens) historically have evolved towards 
more resource-intensive practices. Shove (2003) argues that this increase in consumption of resources 
(e.g. energy and water) has come about not as a result of individuals deliberately choosing to consume 
more, but through gradual and non-deliberate changes in practices such as showering and doing laundry 
more often. 
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Practices thus play a role in stabilizing certain consumption patterns, but also in their gradual evolution, 
unfortunately often towards more resource-intensive patterns. However, the very recognition that 
human actions are socially and institutionally embedded may be used to design policies that can help 
bring about the radical change in consumption that this study suggests is required. Below, we present 
some illustrative findings and policy implications from studies taking a selection of practice theory 
perspectives on household heating and road and air transport. These three footprint components were 
chosen because they differ greatly across respondents (see Figure 3). Different practices affecting these 
three footprint components are therefore important to understand for better policy design. 
 
In a study of five Danish families, living in similar houses and relying on the same district heating 
sources, Gram-Hanssen (2010) analyze how different practices of indoor climate regulation may explain 
large differences in the annual heat consumption of the families. These practices are explored and 
described through four elements and their interconnections: technology (building layout, ventilation 
and heating system), habits (e.g. from upbringing or experiences), knowledge (e.g. information from 
health authorities on avoiding allergies or from the district heating utility on how to save money) and 
meaning (e.g. environmental concerns, creation of a cozy atmosphere or satisfaction in operating 
technologies optimally). These components may to different extends be influenced by policies in the 
effort of changing practices towards lower heat consumption, and to be effective, policies must consider 
all components of practices, as further discussed in Laakso et al. (2017). 
 
Transportation can both be seen a practice in itself and as “cement” that allows for people to carry out a 
series of practices across space within a short timespan (Laakso, 2017). Studies that understand 
transportation as a practice in itself often try to understand the practice of conventional oil-based car 
driving and those of alternative and less GHG emission intensive modes of transportation. A study of 
electric vehicle users in Norway suggests that a shift from conventional cars depend less on elements of 
technology (e.g. availability of charging infrastructure) and more on elements of competence (e.g. 
getting hands-on experience by borrowing an electric vehicle from a friend) and on meaning (e.g. 
signaling of pro-environmental behavior) (Ryghaug and Toftaker, 2014). Spurling et al. (2013) discuss 
how a shift from car to bike commuting in the UK may be induced and highlight the Greater 
Manchester’s Cycling Hub scheme as an example of a policy intervention that shows understanding of 
transportation practices. The scheme offers the material elements of safe, indoor bike parking close to 
public transit and access to showers (accommodating the cultural expectation of cleanliness at work) 
and also offers an element of competence through training in biking and bike repair skills offered to 
citizens. Studies seeing transportation as the “cement” holding other practices together often focus on 
how (changes in) these other practices may enable or prevent a change in transportation. Laakso (2017) 
studied a Finnish experiment, in which families who had sold a car (not necessarily being their only car) 
received a six month public transportation pass for free. The different modes of transport taken up, as 
well as differences in travel distance and changes in other practices were studied. The authors 
concluded that everyday transport and the other practices they enable have a strong element of routine 
and that new transport practices therefore are most likely to take place under life-changing 
circumstances. Conversely, the author suggested that policies encouraging low-carbon transportation 
could offer free public transportation for a limited time to people changing address, thus exploiting a 
window of opportunity where emission-intensive practices have not yet become routine. 
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While road transport is generally a mundane part of everyday life, air travel is predominantly used as a 
break from everyday life (Aguiléra, 2014). Many young people are taking a whole year off everyday life. 
Luzecka (2016) found that an individual´s decision to do a “gap year” that involves a lot of long-haul air 
travel between several continents (i.e. emitting lots of CO2) to a large extent is influenced by other 
actors, such as non-governmental organizations (NGO) running volunteering programs abroad, parents, 
teachers, (future) employers and university admission tutors. Common for these actors is the positive 
meaning they attach to a long-haul intensive gap year, which is believed to build character and show 
initiative, and thereby help young people appear attractive on the job and university markets. 
Accordingly, policy interventions aiming to reduce GHG emissions associated with a gap year should 
target these influential actors (Luzecka, 2016). For example, NGOs could be persuaded to increase the 
promotion of domestic volunteering projects, e.g. in poor communities, to help attach the same positive 
meaning of personal development to gap year activities closer to home. Meaning has also found to be 
an important element to understand the increasing practice of long-haul leisure flights amongst 
pensioners. Fox et al. (2017) interviewed a group of pensioners who associated long-haul travel with 
novelty (especially when going to non-western destinations) and with opportunity to display ability and 
an active later life. To bend the long-haul travel trend, promoters of “staycation” could therefore 
propose ways in which novelty can be enjoyed and capability displaied closer to home. 
 
5. Conclusion 
Our study demonstrates the importance of combining a technology- and consumer perspective when 
addressing the broad question of how societies can develop within finite environmental carrying 
capacities. Firstly, we show that the efficiency increase in the production of goods and services that is 
necessary to avoid exceeding climate goals, greatly depends on the future development in demands for 
these goods and services. Secondly, our results strongly indicate that a “development as usual” pathway 
for either technological innovation or consumption will make it impossible for a developed nation to 
meet climate targets based on humanity´s equitable sharing of a global GHG emission budget. This call 
for additional studies that explore how a combination of radical, but imaginable, divergence from 
existing trends in technological development and in consumption can deliver the required deep cuts in 
national carbon footprints.  
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