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1 Why do time use and time wealth matter in global environmental governance? 

Daily activities are associated with different environmental footprints per time unit. Changes in 

people's time use patterns therefore have an impact for example on the carbon emissions of 

private households. Among the major timely constraints for all other activities counts working 

time. Since 1950, annual working hours per worker have declined significantly in Western 

countries such as France and Germany, and − to a lesser extent − in Australia and the USA. 

The average worktime in the BRICS countries shows a more varied pattern: for the last forty 

years, working hours have slightly declined in Brazil, whereas they have almost constantly 

risen in India and China. Residents of poorer countries such as Cambodia and Myanmar tend 

to work longer time, sometimes much longer, compared to those in rich countries. To a large 

extent poor people are not only consumption poor, but also leisure poor and unable to improve 

their situation because of time poverty. In countries such as Brazil, Taiwan, the USA and 

Germany GDP per capita has grown since 1950 while annual working hours per worker have 

decreased.1 Among the key drivers to increase income and to decrease weekly working hours 

at the same time is the labor productivity increase through innovation.  

Increasing affluence goes along with substantive value system changes (Inglehart 2000). As 

people's material wealth grows, they can afford working less and enjoy more leisure time. 

People exceeding a certain level of material wealth rather strive for post-material values, 

subjective wellbeing, quality of life and/or time wealth than for accumulating additional units of 

material wealth (e.g., Gershuny 2011, Inglehart 2000, Mogilner et al. 2018, Rinderspacher 

2012). However, the average per capita material footprint of people living in upper-middle-

income and high-income countries has risen between the years 2000 and 2017 (UN 2023), 

other than the supposed rise in "post-materialist values" suggests. 

                                                

1  All information retrieved from Our World in Data (2023): https://ourworldindata.org/time-use#are-
we-working-more-than-ever. Data is collected by national statistical agencies, some of them 
aggregating data from labor force surveys, establishment surveys, and time use surveys with data 
from other sources in national accounts. International organizations and research centers 
aggregate these data further into cross-country datasets (e.g., OECD, Penn World Table). The data 
differences between sources are rather small compared to the larger changes in the long-term. 

https://ourworldindata.org/time-use#are-we-working-more-than-ever
https://ourworldindata.org/time-use#are-we-working-more-than-ever
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At the same time, various social theorists (e.g., Rosa 2005, Virilio 2015) have diagnosed an 

acceleration of everyday life for (late) modernity, i.e. a densification of activities and 

experiences (in brief: practices). Despite worktime reductions and adoption of time-efficient 

practices in everyday lives, issues concerning time poverty, stress and burnout occupy a 

significant space in current public debates. To explain this phenomenon scholars have 

developed the time-rebound effect concept (e.g., Heinonen et al. 2013, Jalas 2002) as the time 

that is not spent with one activity (e.g., work) is now spent with something else. Objective time 

cannot be saved for later (like money in a banking account), but it is used immediately. 

As both, time wealth and material wealth, are closely (but differently) related to individual 

consumption patterns and its environmental footprints, both are assumed to have significant 

implications for environmental governance. Although there are a number of studies on the 

environmental impacts of worktime reductions,2 scientific knowledge on time wealth, the 

impacts of time-efficient practices and of the time-rebound effect and their environmental 

implications is marginal. Currently, environmental policies in place hardly consider time wealth, 

time-efficient practices and time use explicitly, which can be argued by the insufficient state of 

research, but also by the odd nature of time compared to other entities such as money and a 

lack of basic institutional prerequisites. 

Current debates about automation and artificial intelligence (e.g., OECD 2023) suggest that 

people may gain more time wealth in the near future. Generation Z activists and scholars ask 

for a technology dividend (e.g., Saiko 2023), in the form of reduced working time. Industry 

continues to develop time-efficient technology for daily life promising to set free time for 

personal relationships and regeneration. To which extent is time "saved" per service unit used 

for time wealth and for acceleration respectively, and what are the environmental implications? 

Time wealth could turn out as an emerging key lever for the transformation of consumption 

towards sustainability. 

Against that background, we have two objectives with our paper presentation: First, we present 

major research findings and discuss the usefulness of a time-wealth perspective for the 

promotion of sustainable consumption with the international sustainability research community.  

Second, we want to reflect upon several issues we encountered when working in this highly 

interdisciplinary context, such as fragmented research communities and institutional 

preconditions for time-wealth-based sustainability policies thereby referring to the ESG 

community's basic concepts of 'earth system governance'. 

The argumentation in this paper is structured accordingly. 

                                                

2  e.g., Australia (Hamilton und Mail 2003), Germany (Buhl und Acosta 2016), Canada (Kennedy et 
al. 2013), Sweden (Nässén und Larsson 2015), and the Netherlands (Schreurs et al. 2013). In 
addition, there are multinational surveys (Alexander und Ussher 2012, Knight et al. 2013) and 
analyses of macroeconomic data  for North America and Europe (Rosnick 2013). 
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2 Exploring the future impact of different time regimes on the greenhouse gas 

emissions of consumption 

In a recently finished inter- and transdisciplinary research project,3 we explore the future 

impact of different time regimes shaping people's everyday lives on the greenhouse gas 

emissions (in brief: carbon emissions of consumption). The ReZeitKon (German acronym for 

Time Rebound, Time Wealth and Sustainable Consumption) project was funded by the Federal 

Ministry of Education and Research (BMBF) within a social-ecological research programme 

on the rebound effect. TU Berlin, Leuphana University and the Fraunhofer Institute for Systems 

and Innovation Research (ISI) carried out the project jointly (2018-2022). It was supported by 

an advisory board, encompassing time researchers, trade unions, rebound effect researchers 

and consumer organisations. 

In this section, we outline the guiding questions and the methodological approach. The reader 

can retrieve details of the methodology from the various project sources (see footnote 3).  

Three research strands are designed and attuned in this paper: In the first strand, we adopt 

different disciplinary angles to conceptualize and measure time-related concepts in a 

representative survey, and in the second, we synthesize the knowledge in a prospective 

simulation model supported by foresight techniques. A causal computer model translates 

changes in time wealth and in the adoption of time-efficient practices into CO2-emissions. In 

the third strand, we reflect the implications of the research process and of its findings against 

earth system governance and derive suggestions for improvement.  

The first strand develops the conceptual foundations and measures adoption levels of time-

efficient practices, time use patterns and time wealth in 2020 along the following guiding 

questions: 

 To which extent do people "save" time through the adoption of time-efficient practices? 

 How do people spend time "savings"? 

 What is the carbon footprint of the adoption of time-efficient practices and of the actual 

use of related time "savings" compared to slower alternatives? 

 What are the determinants of time wealth? 

Key methods employed are:  

o the development and testing of psychometric scales, in particular for time wealth, 

o the design of a comprehensive questionnaire encompassing sections on socio-

demographic data, time use, time wealth, consumption intensity and behavior,  

                                                

3  Homepage: https://www.rezeitkon.de/wordpress/en/about-the-project/ 
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o implementation of three survey waves with people at working age (before, during and 

after the COVID-19 related lockdown)4 and data analysis (we used the response 

patterns to define model parameters and segment the population), 

o a literature survey and calculations to determine the carbon footprints of activities such 

as the delivery of a meal or the self-preparation of a warm meal, and 

o Environmentally-extended Input-Output-Analysis (EE-IO) to assess the carbon 

footprint of activities per time unit5 (use of time "savings").  

Guiding questions of the second strand, employing a Story and Simulation (SAS) approach 

(cf. Alcamo 2008) to explore the future impacts of different time regimes on carbon emissions, 

include: 

 How could plausible different future time regimes shaping people's everyday lives look 

like? 

 How do the carbon footprints of people enjoying different time wealth levels develop 

over time? 

 What are the key factors influencing peoples' carbon emissions under different future 

time regimes? 

Key methods employed are: 

o the development of scenarios 2040 (storylines), 

o causal loop diagrams (qualitative modeling of causal relationships between variables), 

o implementation of the conceptual model in a quantitative System Dynamics computer 

model,6  

o simulation runs and analyses, and  

o an integrated validation of the research process (Sargent 2010): The iterative model 

building has been validated conceptually by participatory co-development and co-

assessment7 and operationally by calibration of the model with empirical survey results, 

consistency checks and sensitivity analyses. The computer model was implemented 

with the Software Ventity™ in making use of the embodied error analysis program. 

                                                

4  The first and third waves were representative. First wave: 10.2.-24.2.2020 (n = 2015), second wave: 
8.4.-21.4.2020 (n = 962), third wave: 28.4.-11.5.2021 (n = 1005). 

5  Germany's total annual CO2-emissions were broken down to individual activities per hour and 
person with the help of macroeconomic statistics, the time use survey 2012/2013 (Federal Statistics 
Office 2013) and other data. 

6  The computer model contains a population module, six daily activity modules (contracts, 
commitments, leisure, mobility, media_consumption, and regeneration), a time difference allocation 
module, a wealth module and a carbon module. The model is fed by population data, initial data 
received from the surveys, parameter estimations and secondary environmental data. 

7  including exploratory interviews to gain alternatives views of the system with external time use and 
rebound researchers, project internal workshops, causal loop diagram assessments by domain 
experts, model target discussion with the advisory board, future parameter value estimation at a 
multi-stakeholder workshop, discussion of initial modeling results at a conference and subsequent 
refinement of the model.  
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For this paper, we elaborate on possible directions of using our time-related concepts for the 

decarbonisation of consumption. 

Guiding questions are: 

 How can decarbonisation governance take account of time efficient practices, time use 

and time wealth effectively? 

 What are the differences to be considered across countries?  

Key methods employed are: 

 the identification of the problem type for governance according to Head's typology of 

problems (Head 2022), 

 a review of the research process to identify levers for sustainable consumption, and 

 a reflection of institutional prerequisites for ESG, in particular the architecture-agency 

interplay.  
 

3 Time-efficient practices, the time-rebound effect and time wealth 

In this section, the basic time-related concepts time-efficient practices, time-rebound effect and 

time wealth are introduced to pave the way for the exploration of their relationships and 

implications related to carbon impacts. 

Becker (1965) published a theory of the allocation of time as a basic production factor of 

households. According to this notion, people use time as a commodity. If a social practice 

objectively saves time in relation to a defined benefit, such as the provision of a meal, it is time 

efficient in an economic sense. A number of time-efficient practices were investigated in 

ReZeitKon (Erdmann and Priebe 2022): 

1. Provision of meals: preparation of cold instead of hot meals, delivery service or eating 

away instead of preparing a meal yourself 

2. Household-related services: outsourcing of care activities and housework instead of 

doing it yourself 

3. Working hours: reduction of weekly working hours 

4. Physical mobility: choice of the car instead of public transport or walking / cycling and 

driving the car fast instead of slowly 

5. Virtual mobility: telework saving commuting time and teleshopping saving travel time 

and shopping time  

6. Attention on the Internet: concentrated execution of  defined activities instead of 

"surfing" 

7. Regeneration: reduction of the amount of sleep on weekdays and filling breaks with 

productive activities 

8. Multitasking: parallel instead of serial performance of care activities and housework as 

well as media use and breaks.  
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The adoption levels of time-efficient practices and of their more time-intensive counterparts 

are measured and time "savings" and its use as well as carbon footprints of the practices 

themselves and of the time "savings" have been calculated (see following section).  

As in real life, the "savings" of measurable time due to time-efficient practices must be used to 

the same extent in the model. The so-called time-rebound effect of time-efficient practices is 

always 100%, since objective time can neither be created nor destroyed. If the activity, from 

which the time "saved" is a result of, is extended in time, this is called a direct time-rebound 

effect. If the time that is "saved" is used for another activity, this is denoted an indirect time-

rebound effect (Brenčič and Young 2009). The time use patterns in case of a fictional additional 

hour per day and the shares of direct and indirect time-rebound effects are calculated based 

on the analyses of the empirical survey (Erdmann and Priebe 2022).  

People use time "saved" either for carrying out additional activities or for slowing down other 

activities done anyway. Extensive usage of time-efficient practices does not necessarily 

translate into more time wealth. On the contrary, it is suggested that the increased adoption of 

time-efficient practices has led to a measurable increase in both activity and experience density 

in everyday life, i.e. an acceleration (Rosa 2005).   

In applying the relatively young concept of time wealth, we contrast it to the well-established 

concept of material wealth. Scholars' agree that enjoying time wealth is about an abundance 

of time in everyday life, but their views differ in what time wealth encompasses else (e.g., 

Garhammer 2002 and Rinderspacher 2012). In the ReZeitKon project, five dimensions of time 

wealth are distinguished (Jorck et al. 2019): 

1. Tempo: i.e., sufficient time per activity  

2. Plannability: i.e., stable horizon of expectations 

3. Synchronization: i.e., frictionless time alignment of activities 

4. Time sovereignty: i.e., self-determined disposure over one's own time  

5. Free time, i.e., a certain amount of disposable time which is not pre-allocated  

These five dimensions of time wealth were measured separately on psychometric scales and 

their relationships explored statistically.8  

A survey was designed to appraise the adoption-levels of time-efficient practices, the time-

rebound effect and time wealth, and to assess the impacts of changes on carbon emissions of 

consumption. The people under study are those at working age with residence in Germany 

(18-67 years old). 
  

                                                

8  These analyses unveiled that tempo, plannability, synchronisation and sovereignty are 
determinants for free time (Geiger et al. 2021). 
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4 Segmentation of the population at working age in Germany and implications for the 

use of time "saved" 

In this section, we present first an analysis of the relation between principal variables as a 

fundament for the segmentation of the population and second we illustrate the dependency of 

the use of time "saved" from these clusters. The segmentation of the population and the use 

of time "saved" already point at levers for decarbonisation governance.  

An empirical survey among people at working age (18-67 years old) in Germany was 

conducted to measure individual time wealth, time use patterns and adoption of time-efficient 

practices and to assess associated consumption patterns (before, during and after the COVID-

19 lockdown). We observe the adoption of time-efficient practices across different consumption 

areas such as food and mobility depending on the level of time wealth. For example, people 

with low time wealth using the fastest means of transport also tend to eat more often cold than 

warm meals.  

The independent variables age and time wealth correlate best with the adoption of certain time-

efficient practices such as travel speed and with the discrepancies of desired and actual sleep 

time and work time. Hence, the two variables age and time wealth were used for a cluster 

analysis, which yielded nine clusters:9 Their salient properties are displayed in Figure 1. 

 

Figure 1: Nine clusters as proxies for life situations (Source: own analyses) 

Clusters of comparable levels of time wealth differ in the origin of the level of time wealth, for 

example much work (Cluster 1) or care duties (Cluster 4). Moreover, comparable time wealth 

                                                

9  Cluster 1: old and stressed; Cluster 2: old and medium-stressed, Cluster 3, old and relaxed, Cluster 
4: midlife and stressed; Cluster 5: midlife and medium-stressed, Cluster 6, midlife and relaxed, 
Cluster 7: young and stressed; Cluster 8: young and medium-stressed, Cluster 9, young and 
relaxed. 
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levels go along with other socio-demographic characteristics, for example high income 

(Cluster 1) or low income (Cluster 7).   

In the three waves of the survey, people were asked how they would use a fictional additional 

hour per day. 

Table 1: Reported use of time "saved" by purpose (Source: own analyses).  

First wave  

(before 

lockdown) 

Second wave 

(during 

lockdown) 

Third wave  

(after 

lockdown) 

Sleep & rest 30% 10% 32% 

Sports & physical activity 14% 9% 13% 

Social contacts 20% 14% 16% 

Media – electronic 5% 7% 7% 

Media – print 9% 11% 11% 

Hobbies & DIY 13% 7% 12% 

Excursions & leisure 

activities 

2% 0% 2% 

House & flat 0% 5% 0% 

Chores 3% 21% 2% 

Gardening 1% 11% 2% 

Work & learn 3% 4% 2% 

In response to this open-ended question, 30% of people said they would use "saved" time for 

sleep & rest. This figure dropped to 10 % during the first lockdown of the COVID-19 pandemic 

in Germany, then exceeding again 30 % after the lockdown. More than 80 % of the 

respondents reported they intended to do something else with the time "saved". In each case, 

about half of the respondents said they wanted to increase (i.e. acceleration) or decrease (i.e. 

deceleration) their daily activity density.  

The statistical analysis showed that people with low time wealth would over-proportionally use 

additional time for sleep & rest as well as for social contacts, whereas people with high time 

wealth would over-proportionally use additional time for house, flat & garden as well as media.  
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5 Carbon footprinting of consumption practices 

Each of the activities, time-efficient or not, has a particular carbon footprint. These carbon 

footprints are estimated based on a large literature survey including bottom-up and top-down 

approaches to verify the plausibility of the carbon footprint values. While these carbon 

footprints are very specific, for example per warm or cold meal or kilometer driven in a car or 

public transport, the response patterns of what to do with an additional hour in the survey were 

quite generic. For that purpose, we calculated the carbon footprint of exercising an activity per 

hour in a top-down approach in using EE-IO (Erdmann and Pfaff 2023). 

  

Figure 2: Cumulated carbon emission coefficients of different activities plottet over 

average daily execution times per person (Source: Erdmann and Pfaff 2021). 

The highest carbon footprint per hour of the reported activity patterns is attributed to excursions 

& leisure activities, whereas the carbon footprint of sleep & rest is lowest. These poles point at 

the action space people have to decarbonise their lifestyles through conscious use of time 

"saved".  

A CO2-footprint per hour was assigned to each of the uses and weighted with the activity 

shares and time use modes (Erdmann and Pfaff 2021). This provides the initial data for 

estimating the future impact of the time-rebound effect on climate change. For the given 

patterns of time use, the cumulative CO2-emissions per hour "saved" and used otherwise were 

calculated. They amount to an estimated 0,67 kg of CO2-emissions per hour. This value 

appears to be rather low. Among the reasons is, that we accounted not only for acceleration, 

but also for deceleration and that we took the dominant intention to sleep & rest with the lowest 

carbon footprint seriously. 

It could be shown, that the relative environmental disadvantages of using faster modes of 

transport compared to slower modes are further amplified when the use of "saved" time 

budgets for additional activity is taken into account. In individual environmental assessments 

in the digital media sector, the supposed advantages of time-efficient practices would turn into 
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environmental disadvantages by taking into account the use of "saved" time budgets (Erdmann 

and Pfaff 2021). 

6 Scenarios for different time regimes 

The future is fundamentally open and can be shaped within certain limits (Cuhls 2020). To 

estimate the future significance of the adoption of time-efficient practices, the time-rebound 

effect and time wealth for climate change, qualitative scenarios were developed for 2040 and 

their effects on CO2-emissions were quantified with the help of a computer model to assess 

the validity of the simulations against qualitatively different time concepts and other 

quantitatively elusive future development possibilities (Erdmann and Priebe 2022). 

The scenarios are based on three different concepts of time. Their titles Time is Money, Time 

is Intrinsic (Eigenzeit), and Time is Other-directed reflect the indeterminacy of societal time 

relations in 2040. The future characteristics of key factors differ in these scenarios.  

Table 2: Key factor assumptions underlying the scenarios (Erdmann and Priebe 2022, 

amended). 

 Scenario A: Time is 

Money 

Scenario B: Time is 

Intrinsic 

Scenario C: Time is 

Other-directed 

Dominating value Material wealth Time wealth Crises awareness 

Attitude towards 

technology 

Enabling technology Instrumental 

technology 

Technology as destiny 

Spatial-temporal 

organisation of daily 

life 

Flexibilisation and 

delimitation of 

activities in daily life 

Plasticity of daily life  Temporal restrictions on 

daily life 

Productions and 

consumption 

patterns 

High intensity of 

consumption with 

global supply chains  

Ambivalent 

consumption with 

DIY/DIT  

Modest consumption with 

national provision 

sovereignty 

Governance Enables "work hard, 

play hard" lifestyles, 

supports efficient time 

management, but with 

few social transfers  

Coherent time policy, 

"15 minutes" cities 

and time bureaus 

support time wealth 

and active citizenship 

Changing, often rigid 

requirements to daily 

lives with digital 

companies catching 

people's attention 

In comparing the key factor assumptions, it becomes obvious that governance has to fulfill 

different tasks in these three scenarios. Both time governance and environmental governance 

and their interplay have different targets, involve different stakeholders and overall agency 

would reconfigure.  

In the Time is Money scenario, the governance enables innovation and stimulates people's 

performance, but it refrains from social transfers and must achieve decarbonisation mainly 
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through technological change in the global economy. While time-"savings" through adoption of 

time-efficient practices are high, time "saved" is used for productive purposes due to market 

incentives, governmental and social pressures.  

In the Time is Intrinsic scenario, public governance is responsive to people's time needs. There 

is a coherent time policy synchronizing different means of transport and opening hours with 

peoples' needs. Public policy supports people in saving time through smart and participatory 

planning, while citizens chose to decelerate and to engage in public affairs. Decarbonisation 

is achieved through less consumption, sometimes involving DIY/DIT. 

In the Time is Other-directed scenario, strong public authorities are in the drivers' seat to 

regulate people's daily lives in uncertain times supported by digital technology. As there are 

high levels of remote work, teleshopping and media use, the digital industry plays a major role 

in people's time regimes. Economic activity is modest and scaled back to national levels, 

thereby decarbonising consumption. 

The scenarios grasp the complex interplay of agents and hardly quantifiable aspects prior to 

quantitative modeling. At a two day-validation workshop, participants estimated crucial 

parameter values by 2040 (in particular, weekly working hours and sleep time on weekdays) 

to calibrate the simulations of the computer model. 
  



12 

 

7 Simulation results: Quantification of the scenarios' impact on time wealth and carbon 

emissions 

The CO2-emissions under the respective scenario assumptions (Table 3) are quantified with 

the aid of a System Dynamics computer model specifically created for this purpose. The model 

is initialised with data from the representative survey. In this section, we show the 

developments of time wealth and of the carbon emissions for the three different scenarios over 

time (2020-2040). Then we study the impact of certain factors on carbon emissions. 

Scenario A: Time is Money 

 

Scenario B: Time is Intrinsic 

 

Scenario C: Time is Other-directed 

 

Legend: 

 

Figure 3: Simulation of time wealth in the three scenarios for nine population segments. 

Simulation period 2020-2040 (1040 weeks). (Source: own graphs) 

The average time wealth of the nine clusters is initially the same in 2020. In scenario B, time 

wealth grows continuously for all nine clusters by 2040. In scenario C, we observe a stagnation 

of time wealth, in particular for clusters 4 and 5: These are primarily those parts of the 

population with children in the household who are not able to outsource care and household 

work sufficiently under a fluctuating time regime responding to crisis. In scenario A, we see an 
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increase in time wealth of the elderly who have earned enough in their earlier years, whereas 

the time wealth of all other clusters decreases by 2040. 

As a result of the varying prevalence of time-efficient practices, resulting time "savings", and 

their uses under the respective scenario assumptions, CO2-emissions associated with the 

scenarios also diverge over the simulation period from 2020 to 2040. For comparability 

reasons, it was assumed that the population as a whole and decarbonisation of the economy 

develop at the same rates in all three scenarios.      

 

Scenario A: Time is Money 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Legend: 

 

Scenario B: Time is Intrinsic 

 

Scenario C: Time is Other-directed 

 

Figure 4: Development of CO2-emissions in the three scenarios from 2020 to 2040 for 

nine population segments [Mio. t CO2-eq./a]. Simulation period 2020-2040 (1040 weeks). 

(Source: own graphs) 
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In the simulations for all three scenarios, there is a significant reduction in CO2-emissions by 

2040, compared to 2020, which is largely due to the expected reduction in the carbon footprint 

of practices expected at least in Germany. The reduction is strongest in scenario Time is 

Intrinsic with -45 %, in scenario Time is Other-directed it is -37 % and in the Time is Money 

scenario it is lowest at -34 %. This means that different social time conditions, as postulated in 

the scenarios, can have a significant influence on CO2-emissions in the future by favoring 

certain daily practices and consumption patterns. The patterns of carbon emission 

development over time are similar for all clusters and all scenarios, which raises the question 

which factor dominates the developments. We carried our "freeze" simulations, i.e. we fixed 

parameter values at the 2020 level and let the model run to 2040. Comparing these "freeze" 

runs with the "unfreeze" runs, we can isolate the impact of single factors in the simulations.      

Table 3: Changes of the CO2-emissions at population level in the different scenarios 

with and without "freezing" single factors relative to the basis 2020 [Mio. t CO2]. 

 Scenario A Scenario B Scenario C 

Reference 2040 -34,0% -44,9% -37,0% 

Impact factor 2040    

Population development  -8,3% -7,1% -7,3% 

Allocation to time wealth 

classes  

-0,1% -0,3% +0,4% 

Reduction of the CO2-

footprint 

-35,6% -29,3% -36,2% 

Adoption of time efficient 

practices  

+7,4% +0,7% +5,1% 

Time-rebound effect +4,4% +1,2% +2,2% 

If the population development is "frozen" in the base year 2020, the order of the clusters in 

terms of CO2-emissions remains almost unchanged and if the time-wealth distribution is 

"frozen" in the base year 2020, a slightly wavy course of CO2-emissions can be observed (see 

Erdmann and Priebe 2022). Without the adoption of time-efficient practices CO2-emissions 

would be 0,7 to 7,4% lower, without the time-rebound effect, CO2-emissions would be 1.2 to 

4.4% lower depending on the scenario.  

The carbon footprint of practices has the highest impact on decarbonisation. However, we 

argue that the decarbonisation of the economy could proceed much slower than expected due 

to other policy priorities such as security and public health. If we "freeze" the decarbonisation 

of the economy in our simulations, the carbon emissions due to consumption patterns in daily 

life would look like this:   
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Scenario A: Time is Money 

 

Scenario B: Time is Intrinsic 

 

Scenario C: Time is Other-directed 

 

Legend: 

 

Figure 5: Development of the CO2-emissions in the three scenarios from 2020 to 2040 

for nine population segments – "freeze" of CO2-emission factors [Mio. t CO2-eq./a]. 

Simulation period 2020-2040 (1040 weeks). (Source: own graphs) 

If CO2-emission factors are "frozen" at their base year 2020 levels, there is no consistent 

downward trend in CO2-emissions compared to the simulations listed so far (Figure 5).  

 In scenario A, CO2-emissions from Clusters 4 and 7 (low time wealth) increase, while 

those from Clusters 5 and 8 (medium time wealth) decrease significantly.  

 In scenario B, the CO2-emissions of clusters 1, 4 and 7 (low time wealth) drop 

significantly. The CO2-emissions for Cluster 6 increase significantly (high time wealth).  

 In Scenario C, CO2-emissions increase significantly for Cluster 4 (low time wealth), 

while those for Cluster 6 and Cluster 9 (high time wealth) decrease significantly. 

Under CO2-footprint "freeze" conditions at 2020 levels, CO2-emissions of clusters 2 and 3 are 

comparatively stable across scenarios, i.e., the elderly (50-67 years) with medium and high 

time wealth, respectively. The differences in CO2-emissions between scenarios are most 
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pronounced for clusters 4 and 7, i.e., the middle-aged (30-49 years) and younger (18-29 years) 

with low time wealth; however, the direction of CO2-emission development of clusters 6 and 9, 

i.e., the middle-aged (30-49 years) and younger (18-29 years) with high time wealth, also 

differs significantly between scenarios. 

8 Reflections on the implications of using time-related measures for decarbonisation 

governance in Germany  

In this section, we discuss the usefulness of addressing time-efficient practices, the time-

rebound effect and time wealth in environmental governance in Germany, before expanding 

our thoughts to the global level and the ESG community in the subsequent section. 

There is a maximum CO2-emission difference of 11% between the three scenarios in 2040, 

expressed in year 2020 equivalents. Time policy constituting the underlying time regimes 

therefore has a significant decarbonisation potential because the activity patterns with their 

respective CO2-footprints are intertwined in time. Looking at this finding in another way, current 

sustainable consumption policies so far seem to ignore the temporal interconnectedness of 

the activity patterns and their coupled interactions. 

We zoomed into the daily lives of people at working age in Germany. The segmentation of the 

population yielded clusters that could be addressed by policy. These clusters can be conceived 

as proxies for different life situations, that may change gradually (e.g. increasing responsibility 

at work) or suddenly (e.g. life events such marriage and the birth of child). The simulations 

show that the population segments cause varying levels of carbon emissions, depending on 

the scenarios, which makes generations with different time wealth levels meaningful target 

groups for sustainable consumption policy.  

The carbon impact of the adoption of time-efficient practices has turned out significant, 

whereas the influence of the time-rebound effect on CO2-emissions may seem small at first 

glance. The major cause is rooted in the property of time: time cannot be "saved" in the sense 

of "stored". In our model, we calculated fictional time savings caused by the adoption of time-

efficient practices and immediately re-spend them on other practices. Operationalizing 

objective clock-time as the main time-related measure for our model, we are forced to 

consistently account for the use of "saved" time budgets and the CO2-emissions associated 

with them. On aggregate, many opposing negative and positive effects on carbon emissions 

compensate each other, finally yielding moderate levels of the time-rebound effect's impact on 

carbon emissions. 

Marginality considerations show that, in addition to the activity itself, the mode of use of "saved" 

time budgets is decisive for the environmental effects. It is key whether the "saved" time is 

used to expand practices ("acceleration") or to slow down practices ("deceleration"). If the time 

"savings" resulting from the use of time-efficient products and services can be channeled into 

practices with low environmental impacts or the slowed-down pursuit of other practices, 

positive net environmental impacts from time-efficient practices are possible. 
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The modeling in ReZeitKon can be understood as a time-related entry into social-ecological 

everyday modeling (Erdmann and Priebe 2022):  

 The daily life of people at working age was treated holistically, including less considered 

activities such as the filling of pauses and multitasking. An objective notion of time was 

chosen, whereas subjective experience of time and the positioning of activities during 

the day or week remained unexplored to a large extent. 

 The empirical survey enabled the analysis of the interrelationships between time-

efficient practices, time use and time wealth. Information on time-efficient practices and 

on time wealth is usually not collected in time use surveys of the National Statistical 

Offices. 

 Segmenting the population by age and time wealth allows for differentiated targeting 

and addressing of groups with similar life situations (Schäfer et al. 2012). Time wealth 

is an important differentiating factor with respect to actual consumption patterns and 

also with respect to the changeability of these consumption patterns. 

 Integrated scenario and model development and validation allows for a designation of 

future uncertainties. Together with the analysis of conceptual uncertainties and of 

parameter uncertainties, ranges of the future impact of time-efficient practices and of 

the future time-rebound effect are obtained.  

 The magnitude of the effects of time-efficient practices and the time-rebound effect 

indicate that they are relevant to CO2-emissions but not dramatically large. Rebound 

effects were finally treated as systemic repercussions in a complex model. By taking 

into account the whole everyday life and numerous balancing loops, the "discovery" of 

large CO2-saving potentials was constrained and instead an attempt was made to give 

a largely realistic picture. 

 It could be shown, that the major decarbonisation goals and changes in the working-

age population in Germany up to 2040 can have a considerable influence on future 

CO2-emissions, if they actually occur in this way. They overlay the time-related 

everyday changes and conceal them all too easily. The modeling in ReZeitKon has 

revealed the specific influences of time wealth, time-efficient practices and of the time-

rebound effect for this reason. 

In accordance with the task, only the environmental effects of using "saved" time budgets for 

additional activities were taken into account, but not for slowing down activities that were 

already listed. The extent of these two time use modes requires further empirical verification, 

for example through observations and experiments, in addition to the survey. A systematic 

search for "time-eaters" has not been designed so far; however, it is important for a realistic 

depiction of the time-related changes in everyday life - in addition to other factors (supply-side, 

demand-side, monetary).  

A comprehensive participatory foresight study of the future of everyday time would produce 

scenarios with greater validity, and could trigger time policy activities for sustainable 

consumption by activating certain stakeholders from both the (fragmented) time policy and the 

environmental governance realms.  
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There have been calls for an integrated modeling of time use and income (e.g., Buhl and 

Acosta 2016), which would still be only a limited glimpse on consumption practices which are 

determined by a large variety of factors. To date, time wealth is hardly measured and 

addressed in sustainable consumption governance maybe for its difficult measurability and 

lack of standards. We have shown that it is crucial to close this research gap. Future research 

on time wealth can help to develop a currently disregarded lever for the governance of 

decarbonisation. 

9 Building blocks of a time wealth governance for sustainability worldwide 

Recent studies confirm, that time organization and carbon intensities of activities are useful to 

gain insights in household carbon footprint analyses (Huang et al. 2023, Smetchka et al. 2019). 

Time use governance has the potential as an indirect means of decarbonisation, but the 

exploration of its potential is still in its infancy. A number of countries such as Germany, 

Taiwan, Brazil and the USA have increased per capita GDP and reduced work hours at the 

same time (see section 1). Beyond working hours, global technological development not only 

aims at comfort, cleanliness and convenience (Shove 2003), but also at time "saving". For 

those who are both, time poor and income poor, it is even more vital to increase the individual 

time wealth to improve health, prolong time spent with the family or friends and to improve the 

situation for example through education. National governments worldwide decide over the 

construction of high-speed railway infrastructure and opening hours of shops, which compete 

with internet delivery. Not only governments of the Western countries, but also governments 

of the Global South facilitate the establishment of air connections to other countries, access to 

infrastructure such as water supply and determine school hours. Time wealth and its 

governance are therefore issues worldwide. 

The way, how an issue is framed preconfigures the solution space. To identify building blocks 

of a sustainability-oriented time wealth governance, we have therefore pursued an approach 

that goes beyond the employment of a single governance framework. First, we have located 

the issue in the typology of problems developed by Head (2022), second, we have reviewed 

our inter− and transdisciplinary research to identify endogenous policy options and, third, we 

mapped these findings against the concepts of architecture and agency widely employed by 

ESG scholars (Betsill et al. 2020).    

Head's typology of problems distinguishes two dimensions: the state of knowledge of the 

problem & solution and the agency potential of the actors.  

Sustainability-oriented time wealth governance is definitely a multi-actor affair. Stakeholder 

groups have conflicting values and interests in how people should spend their time, and in 

which quality and to what extent they consume. For example, the delimitation of working hours 

(at weekends, when ill, reachability during holidays) rather lies in the economic interest of 

employers than in the interest of employees striving to balance their private life and work. The 

business model of the large digital platform companies depends on the activity level and 

attention of its users, trying to keep them within their platforms as long as possible to gather 

their data, to expose them to publicity and to prompt them to buy. 
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While the aggregated impacts of people's activities on carbon emissions are fairly well known, 

the relationships and repercussions of one practice to another are opaque. In the digital 

economy, people tend to know less about these connections of daily activities than the 

operators of the large digital platforms. The state of knowledge about solutions how to foster 

sustainability through different time regimes is scattered and scant, and clearly in need of 

consolidation and coordination. 

According to Head's typology of problems, the time wealth governance for sustainability is best 

classified a very wicked problem, i.e. it is characterized by high uncertainty, complexity and 

divergence. This is not surprising as already managing environmental challenges and 

improving social well-being are considered as wicked problems. This paper is trying to link 

these two wicked problems along the time wealth governance for sustainability concept not to 

make matters more difficult than necessary, but to shed light on the emerging value change 

towards time wealth in a number of late modern societies and reflect the implications and the 

necessity of environmental governance redirection.     

The inter− and transdisciplinary ReZeitKon project has generated further pieces of knowledge 

about the relationship of time wealth and sustainability that complement the fragmented body 

of literature. Both, the review of the research process and of the final outputs contribute to a 

rich pool of governance-relevant anchoring points. 

Improving the knowledge about problems & the solution space:  

Time wealth has been made measurable and therefore manageable. The scientific 

construction of this measure provides the possibility to investigate social phenomena from a 

novel perspective. Matching socio-economic and demographic data with time wealth allowed 

for problematizing a broad range of issues such as the uneven distribution of time wealth in 

society, drivers of time scarcity such as delimitation of working hours and child care 

requirements (Hjärpe 2022), or − as demonstrated in this paper − the effect of different time 

regimes and time wealth changes on individuals' carbon emissions. Ultimately, this knowledge 

enables the promotion of the idea to use time wealth as a lever for sustainability 

transformations. 

A special survey was developed in ReZeitKon that allowed for statistically linking time wealth 

to time efficient practices, time-rebound effects and sustainable consumption. Three survey 

waves, before, during and after the COVID-19 related lockdowns have allowed to assess the 

stability of time use patterns against external constraints and disruptions. The main 

determinants of time wealth are employment status, care duties and the adoption of time-

efficient practices. Between time wealth and sustainable consumption, measured by items 

such as 'I buy organic food', no clear statistical relationship could be identified (Geiger et al. 

2021). 

Instead, a causal model was constructed to quantify the impact of different time-related 

scenarios on carbon emissions. The carbon intensities of different activities were determined 

in accounting for the survey's response patterns and environmentally relevant differences of 
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activities (e.g. high carbon intensity: going out and making trips vs. low carbon intensity: 

walking and being in nature). This model was calibrated with empirical data from the survey. 

Model simulations until 2040 demonstrated the room for manoeuvre that different time policy 

packages could entail. It incorporated a segmentation of the population according to their time 

wealth levels and age class as a proxy for life situations. These nine clusters could be targeted 

by sustainability governance differently, as they represent different life realities and entail 

different options to reduce their carbon footprint (e.g. self-care vs. outsourcing). In addition, 

the use of time "saved" could be picked up by decarbonisation policies. 

Soft governance (reflection, awareness, design-thinking): 

During this research project, we did not only engage with different disciplines but also non-

academic audiences to reflect our work and create awareness concerning its results. The topic 

time wealth for sustainability has been put onto the agenda for curricula of secondary schools. 

A toolkit educating for responsible and sustainable lifestyles has been developed that provides 

a variety of personal and interpersonal trainings to improve one's perception and experience 

of time and to stimulate changes that could benefit the environment (Grauer et al. 2022). 

A time wealth calculator10 allows everybody, even groups of people, (capable of German 

language) to measure his or her time wealth and to benchmark it to the population at working 

age in Germany or to subsets of it (e.g. gender, with/without children, employed/unemployed).      

The pervasion of daily life with digital technology provides interfaces to identify and reflect time 

"savings" and to nudge people to spend these on low-carbon activities, for example by 

aggregated visual eco-feedback information (e.g., Meurer et al. 2016).  

Institutional prerequisites for hard governance: 

The harmonised European time use survey (HETUS) takes place every decade.11 To tackle 

the time regime as a whole, the data basis needs to improve significantly. Current surveys 

generally allow for an appraisal of working hours, but not for a comprehensive identification of 

the time-efficient practices such as outsourcing (e.g. delivery services) and fast technology 

(e.g. commuting by high-speed train) that drive the consumption system and its environmental 

impacts. For example, it could be made use of diaries to understand the technological factor 

in time use thereby ensuring HETUS compliance (Gershuny 2011). If time wealth gains in 

significance within the value systems of people it should be surveyed in the next waves of the 

European and World Value Surveys.  

The uncertainty of the relations between time wealth and environmental impacts has been 

reduced through the ReZeitKon project but still remains high and needs to be tested in different 

countries and cultures. It turned out that the time research and the sustainability research 

communities in Germany are hardly connected, despite a mutual interest in the others' topics. 

                                                

10 https://www.rezeitkon.de/wordpress/de/zeitwohlstandsrechner/ 

11 https://ec.europa.eu/eurostat/web/time-use-surveys 
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An inventory at international level could watch out for best practices to bring these communities 

together, also at the international level.  

Regulation about working hours, opening hours of shops, train operating time corridors, 

opening hours of care institutions is scattered and not easily accessible, neither for citizens 

nor for researchers, nor for policy-makers. The establishment of a consistent time policy could 

be supported by the compilation of a time regulation book.     

The major three determinants of time wealth are employment status, care duties and time-

efficient practices. While changes in the employment status and care duties are structural 

problem modifiers, the adoption of time-efficient practices are coping strategies for time stress 

(Solér 2019). Working hours are socially contested involving employers' associations and trade 

unions. Usually, the rationales are about economic needs and fairness, about productivity 

increase and reward, but hardly about time wealth as a goal and its environmental implications. 

For the digital platform companies, users' attention time and activity are their main source of 

revenue. Few governments dispose of levers to regulate consumers' rights in the digital sphere 

in order to safeguard the population's time wealth. The willingness of private actors to engage 

in multi-actor governance differs across time use relevant fields.  

Topics such as consumer technology development and publicity, time-efficient practices and 

time use as well as sustainability fall under the remit of consumer organisations. They can and 

should be involved in transnational ventures to develop standards for the monitoring of 

consumer behaviour, both in terms of time use and decarbonisation. Currently it is the 

competitive advantage of digital companies to observe the consumers' behavior 

comprehensively.     

Earth System Governance (ESG) scholars have studied the architecture-agency interplay 

in several ways, the architecture referring to the structural governance systems in which 

agency takes place (Patterson 2020). The governance of sustainability takes place in myriads 

of different policy arenas at multiple scales. A time wealth for sustainability governance would 

bring new actors and new types of agency into play, requiring the establishment of at least co-

ordinating and knowledge brokering institutions in multi-lateral organisations such as the UN. 

The time regimes of transnational companies are not mirrored by transnational public 

institutions today.  

Inducing a time wealth for sustainability governance perspective into these arenas and 

discourses could trigger an epistemic shift in the architecture-agency interplay. Research 

questions to pursue in this regard, may include:  

 Which strategic action fields (Fligstein and McAdam 2012) are accessible from a time 

wealth for sustainability governance perspective? 

 Who are the new actors and what are the new types of agency that come into play 

when time wealth for sustainability governance is promoted in policy arenas? Who are 

the most powerful players to induce change? 
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 What are the likely effects on knowledge brokering institutions, evidence-based 

policymaking, and the public debate? 

 What temporal orders shaped by capitalist economies and political regulation become 

contested? Which new orders stabilize? 

In terms of agency influencing architecture, our research shows that still much has to be done. 

Social norms change slowly. The restlessness of people in (late) modern societies has become 

a status symbol even of rich people comparable to the conspicuous consumption already 

described by Veblen in 1899 (Veblen 1994). Time stress and the attention economy attack the 

"holy everyday practices" (Leiris 1938, Pfaller 2011) such as having a drink and conversation 

with friends and colleagues after work. Form a decarbonisation perspective, such low-carbon 

institutions for social contacts as well as safe spaces for sleep & rest need to be maintained 

and nurtured. 

There are progressive companies that do not only take time efficiency measures into account 

for increasing work output (e.g. meetings without a goal and schedule the day before are 

automatically cancelled), but they are at the forefront of taking time wealth of their employees 

as a key factor for work-life satisfaction and as a resource for creativity, depth of thought and 

holistic treatment of issues. In the age of digitalization and automation, such skills are likely to 

gain in importance. Certain companies could be innovative leaders in co-caring for their 

employees' time wealth.   

There is a fundamental gap in people's need to accommodate all everyday activities within a 

single day and no corresponding institutional background. Different public domains such as 

the health system and private domains such as digital platform companies stress people's time 

budgets in letting them do users' work. There intermediary character as private companies with 

public remits makes digital companies a key actor in public-private partnerships to monitor 

peoples' time use and to steer it towards low-carbon lifestyles. 

To sum-up, for time wealth for sustainability governance to fulfill its potential, agents, in their 

roles as employees, citizens, parents and friends need to engage in the creation of new 

institutions. Future research should focus on empirical investigations of concrete actions that 

make a case for this type of agency influencing architecture. 

In terms of architecture influencing agency, our research shows that existing sets of rules 

remain ambiguous and fractured. In Germany, there is no architecture that provides a 

comprehensive and consistent framework to encapsulate everyday practices into a holistic 

view as a means to drive health, well-being, social life and decarbonisation. An appraisal of 

the interconnectedness of time use and well-being across seven European regions from 

Romania to Spain unveiled frequent linkages to the sustainable consumption domains  food, 

mobility, leisure and consumption (Dumitru et al. 2016). Taking into account the key role of 

municipalities in the organisation of daily lives and in shaping the human-nature interaction, 

the failure of time bureaus, multifunctional intermediaries to mitigate and resolve time conflicts, 

in the early 2000 years need to be studied (Heitkötter 2006) and the issue could be placed in 



23 

 

the arenas of currently progressive municipal actors such as the transnational 'Fearless Cities' 

network or Eurocities. 

There is a clear need to make an inventory of daily time use relevant regulations, to review the 

constraints to time wealth for employees and citizens and to identify the needs for deregulation 

and/or further regulations acknowledging the entire picture.  

Currently, time research is not a priority in many European countries, and time policy neither 

(see the debate on the abolishment of "summer time" which was decided but lacks a political 

process). Time researchers need to be creative to get funding under other research missions 

in which time plays a crucial role, such as sustainable consumption. To perceive time wealth 

as a disregarded lever for sustainability, the separate institutional domains of time research & 

policy and of environmental research & policy need to create fora for mutual exchange, among 

them conferences, publications and shared research & innovation infrastructures that improve 

the problem understanding and widen the solution space. Generating such a knowledge 

ecosystem is a prerequisite to publicly problematize time wealth and advice decision-makers.  

10 Conclusion 

From the post-material value shift with rising per capita incomes (Inglehart 2000) over the 

acknowledgement of life events as windows of opportunity to change consumption patterns 

(Schäfer et al. 2017) to the necessity of an intergenerational perspective in view of 

environmental issues (Duffy 2022) different temporal aspects of sustainability are empirically 

now well grounded. Our research aspires to contribute to this body of knowledge in shedding 

light on the interplay of time-efficient practices, time-rebound effects, time wealth and 

decarbonisation.  

Even though time regimes, including social norms and time policy, shape our everyday life 

practices, which are highly relevant for our carbon footprints, they are hardly acknowledged as 

decarbonisation levers. However, addressing time use and time wealth bears the potential to 

realize goals related to well-being and to the environment simultaneously.  

There is an abundance of time use agency, encompassing structural, human and technological 

agents, across different policy domains and governance levels. But, as time use agency is not 

configured, it acts without (sustainability) direction. ESG scholars, too, have hardly picked up 

daily time use as a lever for sustainability. 

How does the current ESG governance deal implicitly with this disregarded lever? How can it 

be made more explicit? How do time wealth and time scarcity affect the agency of consumers 

and employees, of transition practitioners and decision-makers?  

With this impulse we want to stimulate a discussion within the ESG community and beyond on 

how to consider time wealth as a factor for sustainability and a better awareness of changing 

from material wealth to time wealth (it might reverse!) explicitly in decarbonisation governance. 
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