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Abstract •  The war in Ukraine is changing the political landscape at 
breakneck speed. How should politics and society react to high energy 
prices and a precarious dependence on fossil fuels imports? Can mod-
ern societies get by with much less energy? Energy sufficiency can play 
an important role in answering these questions. The contributions in 
this Special topic explore sufficiency as an interdisciplinary research 
topic for energy modeling, scenarios, and policy.

Energiesuffizienz erforschen: 
Neue Herausforderungen und Chancen in Krisenzeiten

Zusammenfassung •  Der Krieg in der Ukraine verändert die politischen 
Prämissen in rasender Geschwindigkeit. Wie sollen Politik und Gesell-
schaft auf hohe Energiekosten und eine fatale Abhängigkeit von fos-
silen Energieimporten reagieren? Können moderne Gesellschaften mit 
viel weniger Energie auskommen? Energiesuffizienz kann eine wichtige 
Rolle bei der Beantwortung dieser Fragen spielen. Die Beiträge in die-
sem Special topic erforschen Suffizienz als einen interdisziplinären For-
schungsgegenstand für Energiemodellierung, -szenarien und -politik.

Keywords •  energy sufficiency, energy descent, co-benefits, energy 
demand, sufficiency policy

This article is part of the Special topic “Energy sufficiency: Conceptual 
considerations, modeling, and scenarios for less energy consumption,” 
edited by B. Best, F. Wiese, M. Christ and T. Santarius. https://doi.org/​
10.14512/tatup.31.2.10

INTRODUCTION

Exploring energy sufficiency: 
New challenges and options 

in times of crisis

Benjamin Best *, 1 , Michaela Christ 22 , Tilman Santarius 33 , Frauke Wiese 4 

Introduction

Sufficiency as a general sustainability strategy is a well-known 
concept (Huber 1995; Sachs 1993). However, despite being a 
frequent subject of debate in science and civil society, it is not 
well established in the political arena (Best 2022; Zell-Ziegler 
et  al. 2021). In contrast to efficiency and consistency, suffi-
ciency aims for absolute reductions. In particular, the challenge 
of mitigating climate change means that demand-side policies 
must be developed with ever greater urgency. Moreover, the cur-
rent energy crisis, triggered by Putin’s war against Ukraine, re-
veals the structural dependencies of industrialised countries on 
fossil fuels; consequently, it calls for a rapid reduction in en-
ergy use by industry and households (Autor:innengruppe Ener-
giesuffizienz 2022). Scientific evidence of the potential of de-
mand-side policies calls for policy makers to develop sufficiency 
policies (Skea et al. 2022).

Taking the German transport sector as an example: growth 
prohibits any progress in terms of emission reductions. In 2009, 
the stock of cars was 41.3 million; 12 years later this already 
huge number had increased by 7.2 million to 48.5 million ve-
hicles registered on 01 January 2022 in Germany (KBA 2022). 
What is worse, not only did the number of cars increase but also 
their size, weight and power, with an increasing share of new 
cars being so-called sports utility vehicles (SUVs). The growth 
in the number of registered cars in Germany is three times the 
number of registered electric cars in the country. Currently, only 
0.6 million battery-electric vehicles and 1.7 million hybrid-elec-
tric vehicles are registered in Germany. Sufficiency means re-
ducing the stock of cars: this strategy is acknowledged in all cli-
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Kopatz 2016; Schneidewind and Zahrnt 2014; Spangenberg and 
Lorek 2019). Sufficiency policy – which is, like other policy 
fields, an instrument mix – addresses the structural generation 
of energy demands as an essential component of sustainabil-
ity transitions. It should be included more thoroughly in model
ing, scenarios and policy for energy, transport, buildings, indus-
try and agri-food (Wiese et al. 2022 b; Zell-Ziegler et al. 2021; 
Zell-Ziegler and Förster 2018). Many sufficiency policies are 
present in non-energy sectors such as agri-food or production/
consumption, including for example the extension of warranty 
periods, repairability, and climate-friendly menus in public can-
teens.

The articles in this volume show that definitions of suffi-
ciency also differ according to whether sufficiency is self-in-
itiated or third party-initiated. Voluntary sufficiency practices 
(based on a reflection of needs) and policies enabling these 
actions may differ from sufficiency practices due to changed 
framework conditions (e.g., policy measures); and they are, of 
course, fundamentally different from energy poverty. For the 
design of a sufficiency-oriented policy mix, policy signals must 
be clear: for example, in terms of price instruments that push 
back unsustainable practices over the course of time. However, 
the policy design must also prioritise equity: if social aspects 
and distributive justice are not considered, demand-side poli-
cies that neglect lower-income households or reduce their liv-
ing standards are likely to provoke a backlash, protest or even 
a crisis.

Potential benefits of sufficiency

In the following, we summarise the potential contributions that 
sufficiency can make in terms of respecting planetary bounda-
ries, resilience, well-being, justice and freedom. The benefits of 
sufficiency described briefly in the following are further elabo-
rated by Wiese et al. (2022 a).

Sufficiency appears crucial for avoiding 
the transgression of planetary boundaries
Worsening socio-ecological crises, such as climate change and 
biodiversity loss, demonstrate the urgent need to develop ways 
of living and doing business that respect planetary boundaries 
and secure everybody’s needs. The responsibility for develop-
ing such approaches lies primarily (but not solely) in the global 
north (Brand et al. 2021; Rockström et al. 2009). Given the most 

mate neutrality scenarios in Germany (Lübbers et al. 2022) but 
it is absent from current German policy. Sufficiency also means 
reducing the size and power of cars to a suitable level for ful-
filling indispensable tasks: electric powered SUVs are simply 
not sustainable.

Sufficiency is a key policy strategy for enabling the techno-
logical transformation of sectors to become climate neutral over 
the next decades (Wiese et al. 2022 b). Sufficiency can serve as 
a guiding principle for technological strategies (‘sufficiency first’ 
principle: Böcker et al. 2021; Saheb 2021). There is a lot of dis-
cussion and research on sufficiency, leading to a growing body 
of literature and to conceptual complexities. Increasing interest 

in sufficiency strategy from scientists sharpens the need to de-
fine this strategy, which focuses not on technical solutions but 
on social innovations. In the context of sufficiency strategy, the 
consumption of resources and nature is not reduced by improv-
ing products or production processes, but by satisfying needs 
through other actions (e.g., travelling by public transport or bi-
cycle instead of in one’s own car).

Different concepts of sufficiency

Sufficiency is a condition and a strategy: as a condition or state 
it is defined in relation to climate and ecological boundaries, 
and as a strategy it is a reflection of needs and changes in so-
cial practices (Sorrell et al. 2020). Researchers emphasise that 
sufficiency also relates to a minimum standard of needs sat-
isfaction or well-being (Bierwirth and Thomas 2019; Speng-
ler 2016). In contrast to efficiency and consistency, sufficiency 
means achieving resource savings and social justice through 
social innovation; that is, through changes in behaviour or re-
source use. Energy sufficiency is a relatively new term and sci-
entific literature has not yet achieved a consensus on its defi-
nition. Most commonly, energy sufficiency “is the strategy of 
achieving absolute reductions of the amount of energy-based 
services consumed” (Zell-Ziegler et al. 2021, p. 2). Furthermore, 
it refers to a situation “where everyone has access to the energy 
services they truly need, not just want, whilst the impacts of 
the energy system do not exceed environmental limits” (Gyn-
ther 2021, p. 1).

Although sufficiency is conceptualised as individual down-
shifting by some (Paech 2020), the scientific community widely 
acknowledges that this does not represent the wider potential of 
sufficiency (Dengler and Schmelzer 2021; Kalt and Lage 2019; 

Sufficiency also means reducing the size and power 
of cars to a suitable level for fulfilling indispensable tasks: 

electric powered SUVs are simply not sustainable.
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be categorised under the umbrella of sufficiency (see our defini-
tion above). If sufficiency is practiced on the basis of voluntary 
downshifting and reflection on one’s own needs, rebound effects 
are unlikely. However, there could be a micro-macro discrepancy 
(Santarius 2016): sufficiency-oriented practices by some con-
sumer groups or countries could reduce energy prices globally 
and consequently lead to an increase in demand by other groups 
or in other countries (Alcott 2008).

Sufficiency fosters sovereignty and resilience
Beyond contributing to climate and energy goals, sufficiency 
has the potential to increase the resilience of socio-economic 
systems. Knowing how to influence or change energy demand 
and social practices is important in situations in which demand 
reduction is imposed by external circumstances (Autor:innen-
gruppe Energiesuffizienz 2022; Barth et al. 2022). For instance, 
sufficiency can support a policy strategy aimed at becoming 
less dependent and vulnerable in times of geopolitical uncer-
tainty. This is evident in the current public debate about the 
war in Ukraine: it is claimed that sufficiency measures (e.g., 
turning down the heating or using public transport) could re-
duce the finances available to the Russians for their war effort 
and, at the same time, could help to stabilise the overall econ-
omy for as long as dependence on Russian oil and gas persists. 
Some even consider that sufficiency measures could make a di-
rect contribution to peace. For instance, Italy’s prime minister 
Mario Draghi suggested that “the question is between peace 
and having (…) air conditioning in summer” (AFP/The Local  
2022).

More generally, using all the available strategies (beyond 
simply focusing on technological solutions) supports the en-
ergy transition by reducing energy demand and promoting en-
ergy sufficiency policies (Best and Hanke 2013). A combina-
tion of energy sufficiency with strategies for energy efficiency 
and renewable energies enhances the diversity of options and 
the flexibility of policy action (for sufficiency potentials in the 
housing sector, see Cordroch et al. 2021). A sufficiency perspec-
tive in the energy system means not exploiting potential supply 
levels to a maximum – thus increasing resilience by reducing the 
threat of supply shortfalls.

Sufficiency increases health and well-being
Sufficiency can lead to many positive effects, often called mul-
tiple or co-benefits. These include positive effects on individ-
ual health (reduced stress/burnout), increased autonomy/liberty 
(Paech 2012), better personal finances (through spending less 
money), and having more time for family, friends and oneself. 
Hook et al. (2021) analyse 23 empirical studies on the connec-
tion between voluntary simplicity and well-being and confirm 
a consistent positive relationship. Based on expert judgement 
and a literature review, Creutzig et al. (2021) conclude that 79 % 
of 306 demand-side options have positive effects on well-being. 
The evidence of the positive impacts of compact-city designs, 
active travel modes, diet shifts, etc. on human well-being is ro-

recent IPCC estimations, industrialised countries must become 
climate neutral well before 2050 and achieve negative emissions 
(i.e., remove more green house gas (GHG) than they emit) in the 
second half of the 21st century. However, this may only be pos-
sible through geo-engineering or carbon capture and storage; 
both these technologies are highly uncertain and are broadly 
untested. Therefore, applying sufficiency strategies in addition 
to efficiency improvements and fully closed natural cycles (i.e., 
consistency strategy) not only increases the likelihood of re-
maining below 1.5° Celsius to 2° Celsius warming, but also de-
creases the dependence on risky technologies.

In addition to mitigating climate change, there are other 
boundaries – like land-system change and biosphere integrity – 
that need to be preserved. Some technological greenhouse gas 
abatement solutions face serious limitations because substantial 
amounts of energy and resources are needed to provide them. 
For example, the import of synthetic fuels and hydrogen require 
land area, resources and substantial amount of energy in the 
exporting countries along with substantial development of re-
spective transport infrastructure Sufficiency actions increase the 
solution space and the scope for other abatement actions which 
can, for example, reduce land-use pressures and the need for en-
ergy and resource imports.

Sufficiency mitigates the unintended side effects 
of other sustainability strategies
Currently, the dominant strategies for mitigating climate change 
are the shift towards renewable energies and efficiency improve-
ments. While efficiency and consistency strategies are indispen-
sable, they both have drawbacks. Efficiency improvements may 
reduce energy demand per service unit but, at the same time, 
they can generate various rebound effects which counteract part 
(or all) of the savings potential (Santarius 2016; Sorrell 2009). If, 
however, individuals simultaneously pursue sufficiency (i.e., a 
strategy of voluntary downshifting and reflection on one’s own 
needs), the application of efficient technologies is less likely to 
generate rebound effects.

Likewise, with regard to consistency strategies. Studies sug-
gest that a shift towards renewable energies may lead to con-
sumers  – and prosumers with their own photovoltaic installa-
tions who enjoy low electricity prices – thinking that their level 
of energy consumption does not matter anymore (i.e., ‘the sun 
is always shining’). This could actually increase their demand 
(Galvin et al. 2021). However, if sufficiency is pursued in com-
bination with a shift towards renewables, overall demand should 
not increase.

It should be noted that there is discussion in the literature 
about the possibility of sufficiency strategies also generating re-
bound effects. Parts of that discussion, however, confuse suffi-
ciency with other kinds of absolute reduction in demand (Sor-
rell et al. 2020). For instance, if sufficiency is practiced due to 
external incentives (e.g., high energy prices or top-down direc-
tives), consumers may feel that their needs are not being met. It 
remains a matter of definition whether such situations should 
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energy consumption and decrease energy prices (Barth et  al. 
2022). Economic institutions and policy makers should to cre-
ate mechanisms for social redistribution when internalising the 
costs of energy consumption and environmental pollution (Held 
2018).

New research on energy sufficiency

Sufficiency policy and research has gained increasing levels of 
attention over recent years. This is the first and introductory 
article of a set of new publications on energy sufficiency in a 
Special topic in TATuP – Journal for Technology Assessment 
in Theory and Practice. The articles in this issue will explain in 
greater detail how energy sufficiency is a policy option for solv-
ing multiple crises. They will also deliver more detailed explana-
tions about the multiple co-benefits of sufficiency: for instance, 
how it contributes to greater social justice. Calls for energy suf-
ficiency policy are increasing, but so far political institutions and 
actors have shown little interest. In an effort to overcome the po-
litical inertia, this Special topic also includes an interview with 
the mayor of the city of Wuppertal).

The following challenges and contributions made by suffi-
ciency are explored in this Special topic. First of all, in terms 
of the differences between sufficiency concepts and definitions, 
several articles contribute to widening the various perspectives 
and understandings of sufficiency. In their article, ‘Prosuming–
energy sufficiency and rebound effects’, Nesrine Ouanes et al. 
conceptualise sufficiency at household level and analyse inter-

actions between energy self-sufficiency, load shift, demand re-
duction and energy flows from the grid. The same problem is 
addressed by Jonathan Coignard et al. in their article, ‘Are more 
solar panels always better?’, which introduces a new parame-
ter (natural self-sufficiency). Several articles focus on modeling 
and scenarios: Patrick Zimmermann quantifies the energy suf-
ficiency potentials for buildings in his article, ‘Transition path-
ways for the European building sector’, showing that a combina-
tion of sufficiency, efficiency and consistency has the highest po-
tential across different impact categories. The contribution made 
by Carina Zell-Ziegler and Johannes Thema, ‘Impact chains for 
energy sufficiency policies’, conceptualises the inclusion of suf-
ficiency measures into demand side-models and provides a deep 
dive into the co-benefits of energy sufficiency measures using 
a novel form of graphic representation. Jonas Lage and Marie 
Graef also consider co-benefits in their article, ‘Co-Benefits als 

bust. However, beyond the individual level, there is little evi-
dence of effects in social dimensions such as political stability 
and social cohesion.

Sufficiency is fast and cost-effective
Technologies and infrastructure for climate protection require 
investment, ramping-up, research and development. However, 
meeting carbon emissions targets implies a steep GHG reduc-
tion pathway, which makes the speed and cost of mitigation op-
tions crucial. Sufficiency often requires no investment or spe-
cial infrastructure (or very little), which means it can be imple-
mented rapidly. Modeling shows that demand-side options are 
often the most cost-effective in terms of costs per GHG reduc-
tions (Zozmann et al. 2021). Moreover, simply stopping meas-
ures that counteract sufficiency (such as fossil fuel subsidies or 
the expansion of airports etc.) can happen quickly under certain 
conditions and can free up funds that are urgently needed for in-
vestment in the energy transition.

The IEA tracks the progress of many climate mitigation tech-
nologies (IEA 2021) and has concluded that the deployment 
of renewable energies is not happening fast enough to meet the 
goals. In the wake of the current geopolitical crisis, the IEA 
has proposed many fast sufficiency options in its ‘10-Point 
Plans’ to reduce the EU’s reliance on Russian gas and oil (IEA 
2022 a; 2022 b). Other sufficiency policies are long-term pro-
jects that require investment, new and/or modified infrastruc-
ture and also shifts in mindset. Changing urban settlement plan-
ning cannot happen fast, although policy goals can facilitate first 
small steps.

Sufficiency enhances justice and freedom
Sufficiency policy is prone to failing if it increases societal ine-
qualities. At the same, however, sufficiency can play a key role 
in improving environmental and social justice. Consider a rapid 
reduction in emissions today. It would relief the burden of climate 
protection for future generations. Sufficiency would also lead 
to a reduction in energy demand from those who use too much 
(‘overconsumption’). Consequently, sufficiency policy must aim 
to reduce the consumption levels of affluent people and societies 
(Burke 2020). It could even support an increase in demand from 
those who live on demand levels below what is considered a de-
cent living (Darby and Fawcett 2018; Raworth 2017).

Moreover, sufficiency can promote justice not only in terms 
of distribution, but also in terms of the recognition of basic 
human rights. For instance, it can increase access to energy 
for the underprivileged by introducing measures that reduce 

Sufficiency can promote justice not only  
in terms of distribution, but also in terms of the recognition  

of basic human rights.
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Faber, Jasper et al. (2012): Behavioural climate change mitigation options and 
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en.pdf, last accessed on 20. 05. 2022.
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understanding rebound effects with renewable electricity. A new challenge 
for decarbonizing the electricity sector. In: Renewable Energy 176, pp. 423–432. 
https://doi.org/10.1016/j.renene.2021.05.074

Gota, Sudhir; Huizenga, Cornie; Peet, Karl; Medimorec, Nikola; Bakker, Stefan 
(2019): Decarbonising transport to achieve Paris Agreement targets. 
In: Energy Efficiency 12 (2), pp. 363–386. https://doi.org/10.1007/s12053-018-
9671-3

Gynther, Lea (2021): Energy sufficiency indicators and policies. Policy brief. s.l.: 
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Katalysatoren für Suffizienzpolitik’; their analysis provides an 
overview of the co-benefits from sufficiency that citizens can 
expect. In the article, ‘Wie neu ist Energiesuffizienz?’, Nicole 
Hesse and Christian Zumbrägel present a historical analysis of 
changes in energy practices, tracking historical cases of energy 
savings and demonstrating the importance of multidisciplinary 
energy research.

Funding •  The Federal Ministry of Education and Research (BMBF) is funding 
the project “EnSu – Energy Sufficiency in Energy Transition and Society” and 
the transdisciplinary project “Opportunities and Obstacles for Sufficiency-
Oriented Urban Development (EHSS)” within the framework of the “Research 
for Sustainability” strategy (FONA) (https://www.fona.de/en/) as part of 
its Social-Ecological Research funding priority, funding nos. [01UU2004A, 
01UU2004B] and [01UR1704A+B]. Responsibility for the content of this pub-
lication lies with the authors.

Competing interests •  The authors declare no competing interests.

References
AFP/The Local (2022): ‘Peace or air conditioning?’ Italy vows to follow EU on 

Russian gas embargo. In: The Local Italy, 07. 04. 2022. Available online at 
https://www.thelocal.it/20220407/peace-or-air-conditioning-italy-vows-to-
follow-eu-on-russian-gas-embargo/, last accessed on 20. 05. 2022.

Alcott, Blake (2008): The sufficiency strategy. Would rich-world frugality lower 
environmental impact? In: Ecological Economics 64 (4), pp. 770–786. https://
doi.org/10.1016/j.ecolecon.2007.04.015

Autor:innengruppe Energiesuffizienz (2022): Energiesparen als Schlüssel 
zur Energiesicherheit. Suffizienz als Strategie. https://doi.org/10.5281/
zenodo.6419202

Barth, Jonathan; Korinek, Lydia; Hafele, Jakob; Tomany, Sophia; Gran, Christoph 
(2022): Demand-side solutions to address energy shortages. How the EU 
and member states can boost energy savings through effective, socially bal-
anced policy measures. Köln: Institute for future-fit economies. Available 
online at https://zoe-institut.de/en/publication/demand-side-solutions-to-
address-energy-shortages/, last accessed on 20. 05. 2022.

Best, Benjamin; Karl-Rudolf Korte (ed.) (2022): Kurzanalyse. Suffizienzansätze 
in der nationalen Energie- und Klimapolitik in Deutschland. Duisburg: 
regierungsforschung.de. Available online at https://regierungsforschung.
de/wp-content/uploads/2022/05/11052022_regierungsforschung.de_Best_
Energiesuffizienz.pdf, last accessed on 16. 05. 2022.

Best, Benjamin; Hanke, Gerolf (2013): Die Energiewende aus wachstumskriti
scher Perspektive. In: Felix Ekardt and Bettina Henning (eds.): Die deutsche 

„Energiewende“ nach Fukushima Der wissenschaftliche Diskurs zwischen 
Atomausstieg und Wachstumsdebatte. Beiträge zur sozialwissenschaftlichen 
Nachhaltigkeitsforschung. Marburg: Metropolis, pp. 255–283.

Bierwirth, Anja; Thomas, Stefan (2019): Energy sufficiency in buildings. Concept 
paper. s.l.: European council for an energy efficient economy. Available 
online at https://www.energysufficiency.org/static/media/uploads/
site-8/library/papers/sufficiency-buildings-final__v2.pdf, last accessed 
on 20. 05. 2022.

Biesecker, Adelheid; Winterfeld, Uta von (2014): Extern? Weshalb und inwiefern 
moderne Gesellschaften Externalisierung brauchen und erzeugen. Jena: 
DFG-KollegforscherInnengruppe Postwachstumsgesellschaften. Available 
online at https://d-nb.info/1072483270/34, last accessed on 20. 05. 2022.

15

SPECIAL TOPIC · Energy sufficiency

https://doi.org/10.14512/tatup.31.2.11  · Zeitschrift für Technikfolgenabschätzung in Theorie und Praxis (2022) 31/2: 11–17

https://doi.org/10.14512/9783962388041
https://doi.org/10.14512/9783962388041
https://www.ifeu.de/fileadmin/uploads/energiesuffizienz_endbericht.pdf
https://www.ifeu.de/fileadmin/uploads/energiesuffizienz_endbericht.pdf
https://doi.org/10.3390/en13102444
https://doi.org/10.1016/j.techfore.2021.121313
https://doi.org/10.1038/s41558-021-01219-y
https://www.energysufficiency.org/static/media/uploads/site-8/library/papers/sufficiency-introduction-final-oct2018.pdf
https://www.energysufficiency.org/static/media/uploads/site-8/library/papers/sufficiency-introduction-final-oct2018.pdf
https://doi.org/10.5771/1439-880X-2021-2-191
https://ec.europa.eu/clima/system/files/2016-11/main_report_en.pdf
https://ec.europa.eu/clima/system/files/2016-11/main_report_en.pdf
https://doi.org/10.1016/j.renene.2021.05.074
https://doi.org/10.1007/s12053-018-9671-3
https://doi.org/10.1007/s12053-018-9671-3
https://www.odyssee-mure.eu/publications/policy-brief/energy-sufficiency.pdf
https://www.odyssee-mure.eu/publications/policy-brief/energy-sufficiency.pdf
https://archiv.ub.uni-heidelberg.de/volltextserver/25200/1/Held_Benjamin_Internalisierung_externe_Kosten.pdf
https://archiv.ub.uni-heidelberg.de/volltextserver/25200/1/Held_Benjamin_Internalisierung_externe_Kosten.pdf
https://www.fona.de/en/
https://www.thelocal.it/20220407/peace-or-air-conditioning-italy-vows-to-follow-eu-on-russian-gas-embargo/
https://www.thelocal.it/20220407/peace-or-air-conditioning-italy-vows-to-follow-eu-on-russian-gas-embargo/
https://doi.org/10.1016/j.ecolecon.2007.04.015
https://doi.org/10.1016/j.ecolecon.2007.04.015
https://doi.org/10.5281/zenodo.6419202
https://doi.org/10.5281/zenodo.6419202
https://zoe-institut.de/en/publication/demand-side-solutions-to-address-energy-shortages/
https://zoe-institut.de/en/publication/demand-side-solutions-to-address-energy-shortages/
https://regierungsforschung.de
https://regierungsforschung.de/wp-content/uploads/2022/05/11052022_regierungsforschung.de_Best_Energiesuffizienz.pdf
https://regierungsforschung.de/wp-content/uploads/2022/05/11052022_regierungsforschung.de_Best_Energiesuffizienz.pdf
https://regierungsforschung.de/wp-content/uploads/2022/05/11052022_regierungsforschung.de_Best_Energiesuffizienz.pdf
https://www.energysufficiency.org/static/media/uploads/site-8/library/papers/sufficiency-buildings-final__v2.pdf
https://www.energysufficiency.org/static/media/uploads/site-8/library/papers/sufficiency-buildings-final__v2.pdf
https://d-nb.info/1072483270/34


Salleh, Ariel (2010): From metabolic rift to “metabolic value”. Reflections on 
environmental sociology and the alternative globalization movement. 
In: Organization & Environment 23 (2), pp. 205–219. https://doi.org/10.1177/​
1086026610372134

Santarius, Tilman (2016): Investigating meso-economic rebound effects. Produc-
tion-side effects and feedback loops between the micro and macro level. 
In: Journal of Cleaner Production 134, pp. 406–413. https://doi.org/10.1016/j.
jclepro.2015.09.055

Schneidewind, Uwe; Zahrnt, Angelika (2014): Politics of sufficiency. München: 
oekom. Available online at https://epub.wupperinst.org/frontdoor/deliver/
index/docId/5550/file/5550_Schneidewind.pdf, last accessed on 16. 05. 2022.

Skea, Jim et al. (2022): Climate change 2022. Mitigation of climate change. Sum-
mary for Policymakers. Working Group III contribution to the sixth assess
ment report of the intergovernmental panel on climate change. Geneva: 
Intergovernmental panel on climate change. Available online at https://
report.ipcc.ch/ar6wg3/pdf/IPCC_AR6_WGIII_SummaryForPolicymakers.pdf, 
last accessed on 20. 05. 2022.

Sorrell, Steve (2009): Jevons’ paradox revisited. The evidence for backfire from 
improved energy efficiency. In: Energy Policy, 37 (4), pp. 1456–1469. https://
doi.org/10.1016/j.enpol.2008.12.003

Sorrell, Steve; Gatersleben, Birgitta; Druckman, Angela (2020): The limits of 
energy sufficiency. A review of the evidence for rebound effects and negative 
spillovers from behavioural change. In: Energy Research & Social Science 64, 
p. 101 439. https://doi.org/10.1016/j.erss.2020.101439

Spangenberg, Joachim; Lorek, Sylvia (2019): Sufficiency and consumer behaviour. 
From theory to policy. In: Energy Policy 129, pp. 1070–1079. https://doi.org/​
10.1016/j.enpol.2019.03.013

Spengler, Laura (2016): Two types of ‘enough’. Sufficiency as minimum and 
maximum. In: Environmental Politics 25 (5), pp. 921–940. https://doi.org/​
10.1080/09644016.2016.1164355

Wiese, Frauke et al. (2022 a): Why sufficiency? An interdisciplinary perspective. 
In: SocArXiv. https://doi.org/10.31235/osf.io/bgrp3

Wiese, Frauke; Thema, Johannes; Cordroch, Luisa (2022 b): Strategies for climate 
neutrality. Lessons from a meta-analysis of German energy scenarios. 
In: Renewable and Sustainable Energy Transition 2, p. 100 015. https://doi.org/​
10.1016/j.rset.2021.100015

Zell-Ziegler, Carina et al. (2021): Enough? The role of sufficiency in European 
energy and climate plans. In: Energy Policy 157, p. 112 483. https://doi.org/​
10.1016/j.enpol.2021.112483

Zell-Ziegler, Carina; Förster, Hannah (2018): Mit Suffizienz mehr Klimaschutz 
modellieren. s.l.: Umweltbundesamt. Available online at https://www.
umweltbundesamt.de/sites/default/files/medien/1410/publikationen/
uba_texte_55_2018_zwischenbericht_mit_suffizienz_mehr_klimaschutz_
modellieren.pdf, last accessed on 20. 05. 2022.

Zozmann, Elmar et al. (2021): The potential of sufficiency measures to achieve 
a fully renewable energy system. A case study for Germany. In: arXiv. 
https://doi.org/10.48550/arXiv.2109.00453

Hook, Joshua; Hodge, Adam; Zhang, Hansong; van Tongeren, Daryl; Davis, Don 
(2021): Minimalism, voluntary simplicity, and well-being. A systematic 
review of the empirical literature. In: The Journal of Positive Psychology, 
pp. 12. https://doi.org/10.1080/17439760.2021.1991450

Huber, Joseph (1995): Nachhaltige Entwicklung durch Suffizienz, Effizienz und 
Konsistenz. In: Peter Fritz, Joseph Huber and Hans Levi (eds.): Nachhaltig-
keit in naturwissenschaftlicher und sozialwissenschaftlicher Perspektive. 
Stuttgart: Wissenschaftliche Verlagsgesellschaft, pp. 31–46.

IEA – International energy agency (2022 a): A 10-point plan to cut oil use. 
Paris: iea.org. Available online at https://www.iea.org/reports/a-10-point-
plan-to-cut-oil-use, last accessed on 20. 05. 2022.

IEA (2022 b): A 10-Point Plan to Reduce the European Union’s reliance on 
Russian natural gas. Paris: iea.org. Available online at https://www.iea.org/
reports/a-10-point-plan-to-reduce-the-european-unions-reliance-on-
russian-natural-gas, last accessed on 20. 05. 2022.

IEA (2021): Tracking clean energy progress. Assessing critical energy techno
logies for global clean energy transitions. Paris: iea.org. Available online 
at https://www.iea.org/topics/tracking-clean-energy-progress, last accessed 
on 20. 05. 2022.

Kalt, Tobias; Lage, Jonas (2019): Die Ressourcenfrage (re)politisieren! Suffizienz, 
Gerechtigkeit und sozial-ökologische Transformation. In: GAIA. Ecological 
Perspectives for Science and Society 28 (3), pp. 256–259. https://doi.org/​
10.14512/gaia.28.3.4

KBA – Kraftfahrt-Bundesamt (2022): Bestand. Flensburg: kba.de. Available online 
at https://www.kba.de/DE/Statistik/Fahrzeuge/Bestand/bestand_node.html, 
last accessed on 09. 05. 2022.

Kopatz, Michael (2016): Ökoroutine. Damit wir tun, was wir für richtig halten. 
München: oekom.

Lessenich, Stephan (2016): Neben uns die Sintflut. Berlin: Carl Hanser Verlag.
Lübbers, Sebastian et al. (2022): Vergleich der “Big 5“ Klimaneutralitätsszenarien. 

s.l.: Stiftung Klimaneutralität. Available online at https://www.stiftung-klima.
de/app/uploads/2022/03/2022-03-16-Big5_Szenarienvergleich_final.pdf, 
last accessed on 23. 05. 2022.

Paech, Niko (2012): Liberation from excess. The road to a post-growth economy. 
München: oekom.

Paech, Niko (2020): Suffizienz als Antithese zur modernen Wachstumsorientie
rung. In: Manfred Folkers and Niko Paech (eds.): All you need is less. Eine 
Kultur des Genug aus ökonomischer und buddhistischer Sicht. München: 
oekom, pp. 110–216.

Potočnik, Janez et al. (2018): Sufficiency. Moving beyond the gospel of eco-
efficiency. s.l.: Friends of the Earth Europe. Available online at https://
friendsoftheearth.eu/wp-content/uploads/2018/03/foee_sufficiency_
booklet.pdf, last accessed on 23. 05. 2022.

Raworth, Kate (2017): Doughnut economics. Seven ways to think like a 21st 
century economist. Vermont: Chelsea Green Publishing.

Rockström, Johan et al. (2009): Planetary boundaries. Exploring the safe operat-
ing space for humanity. In: Ecology and Society 14 (2). https://doi.org/10.5751/
ES-03180-140232

Sachs, Wolfgang (1993): Die vier E’s. Merkposten für einen maß-vollen Wirt
schaftsstil. In: Politische Ökologie 33, pp. 69–72.

Sachs, Wolfgang (1995): From efficiency to sufficiency. In: Resurgence 171, pp. 6–8.
Saheb, Yamina (2021): COP26. Sufficiency should be first. In: Buildings & Cities, 

10. 10. 2021. Available online at https://www.buildingsandcities.org/insights/
commentaries/cop26-sufficiency.html, last accessed on 03. 06. 2022.

16

SPECIAL TOPIC · Energy sufficiency

https://doi.org/10.14512/tatup.31.2.11 · Zeitschrift für Technikfolgenabschätzung in Theorie und Praxis (2022) 31/2: 11–17

https://doi.org/10.1177/1086026610372134
https://doi.org/10.1177/1086026610372134
https://doi.org/10.1016/j.jclepro.2015.09.055
https://doi.org/10.1016/j.jclepro.2015.09.055
https://epub.wupperinst.org/frontdoor/deliver/index/docId/5550/file/5550_Schneidewind.pdf
https://epub.wupperinst.org/frontdoor/deliver/index/docId/5550/file/5550_Schneidewind.pdf
https://report.ipcc.ch/ar6wg3/pdf/IPCC_AR6_WGIII_SummaryForPolicymakers.pdf
https://report.ipcc.ch/ar6wg3/pdf/IPCC_AR6_WGIII_SummaryForPolicymakers.pdf
https://doi.org/10.1016/j.enpol.2008.12.003
https://doi.org/10.1016/j.enpol.2008.12.003
https://doi.org/10.1016/j.erss.2020.101439
https://doi.org/10.1016/j.enpol.2019.03.013
https://doi.org/10.1016/j.enpol.2019.03.013
https://doi.org/10.1080/09644016.2016.1164355
https://doi.org/10.1080/09644016.2016.1164355
https://doi.org/10.31235/osf.io/bgrp3
https://doi.org/10.1016/j.rset.2021.100015
https://doi.org/10.1016/j.rset.2021.100015
https://doi.org/10.1016/j.enpol.2021.112483
https://doi.org/10.1016/j.enpol.2021.112483
https://www.umweltbundesamt.de/sites/default/files/medien/1410/publikationen/uba_texte_55_2018_zwischenbericht_mit_suffizienz_mehr_klimaschutz_modellieren.pdf
https://www.umweltbundesamt.de/sites/default/files/medien/1410/publikationen/uba_texte_55_2018_zwischenbericht_mit_suffizienz_mehr_klimaschutz_modellieren.pdf
https://www.umweltbundesamt.de/sites/default/files/medien/1410/publikationen/uba_texte_55_2018_zwischenbericht_mit_suffizienz_mehr_klimaschutz_modellieren.pdf
https://www.umweltbundesamt.de/sites/default/files/medien/1410/publikationen/uba_texte_55_2018_zwischenbericht_mit_suffizienz_mehr_klimaschutz_modellieren.pdf
https://doi.org/10.48550/arXiv.2109.00453
https://doi.org/10.1080/17439760.2021.1991450
https://iea.org
https://www.iea.org/reports/a-10-point-plan-to-cut-oil-use
https://www.iea.org/reports/a-10-point-plan-to-cut-oil-use
https://iea.org
https://www.iea.org/reports/a-10-point-plan-to-reduce-the-european-unions-reliance-on-russian-natural-gas
https://www.iea.org/reports/a-10-point-plan-to-reduce-the-european-unions-reliance-on-russian-natural-gas
https://www.iea.org/reports/a-10-point-plan-to-reduce-the-european-unions-reliance-on-russian-natural-gas
https://iea.org
https://www.iea.org/topics/tracking-clean-energy-progress
https://doi.org/10.14512/gaia.28.3.4
https://doi.org/10.14512/gaia.28.3.4
https://kba.de
https://www.kba.de/DE/Statistik/Fahrzeuge/Bestand/bestand_node.html
https://www.stiftung-klima.de/app/uploads/2022/03/2022-03-16-Big5_Szenarienvergleich_final.pdf
https://www.stiftung-klima.de/app/uploads/2022/03/2022-03-16-Big5_Szenarienvergleich_final.pdf
https://friendsoftheearth.eu/wp-content/uploads/2018/03/foee_sufficiency_booklet.pdf
https://friendsoftheearth.eu/wp-content/uploads/2018/03/foee_sufficiency_booklet.pdf
https://friendsoftheearth.eu/wp-content/uploads/2018/03/foee_sufficiency_booklet.pdf
https://doi.org/10.5751/ES-03180-140232
https://doi.org/10.5751/ES-03180-140232
https://www.buildingsandcities.org/insights/commentaries/cop26-sufficiency.html
https://www.buildingsandcities.org/insights/commentaries/cop26-sufficiency.html


PROF. DR. TILMAN SANTARIUS
is a professor for “Social Transformation” at the 
Technical University of Berlin and the Einstein 
Centre Digital Futures. Tilman has published articles 
on topics such as climate policy, world trade, 
sustainable economics, global justice and, most 
recently, digital transformation.  


PROF. DR. FRAUKE WIESE
is an associate professor for “Transformation of 
Energy Systems” at the Europa-Universität Flens-
burg. She is co-leading the “Energy Sufficiency 
Junior Research Group” (EnSu). She has a back-
ground in energy system analysis and modeling 
and focuses on making energy sufficiency visible 
in demand and energy models, as well as in 
climate and energy scenarios. 

Bi
ld

qu
el

le
: E

CD
F/

PR
/F

el
ix

 N
oa

k
Bi

ld
qu

el
le

: C
hr

is
tin

a 
Kl

oo
dt

/E
UF

DR. BENJAMIN BEST,
political scientist and sociologist, is a senior 
researcher for the Wuppertal Institute since 2011. 
He is one of the two principal investigators in the 
‌“Energy Sufficiency Junior Research Group” (EnSu). 
His topics are legitimacy and policy mixes for 
energy sufficiency, social change and participatory 
structural policy. 

DR. MICHAELA CHRIST,
sociologist, is a senior researcher at the Norbert 
Elias Center of Transformation Design & Research 
at European University Flensburg. She is co-lead-
ing the transdisciplinary project “Opportunities and 
Obstacles for Sufficiency-Oriented Urban Develop
ment” (EHSS). Her teaching and research interests 
are sustainable urban development, historical 
socio-ecological transformation processes, social-
nature relations. 

Bi
ld

qu
el

le
: V

is
La

b/
W

up
pe

rta
l I

ns
tit

ut
Bi

ld
qu

el
le

: C
hr

is
tin

a 
Kl

oo
dt

/E
UF

Gold Open 
Access

rur.oekom.de
Die gedruckte Version erhalten Sie auch im Abo. 

Jetzt Probeabo testen und 30% sparen 
mit dem Code RUR30

www.oekom.de/rur

Ra
um

fo
rs

ch
un

g 
un

d 
Ra

um
or

dn
un

g 
| S

pa
tia

l R
es

ea
rc

h 
an

d 
Pl

an
ni

ng
  2

02
1 
■ 

79
/3

 ■
 S

.2
13

–2
30 Die gedruckte Version erhalten Sie auch im Abo. 

Jetzt Probeabo testen und 30% sparen 
mit dem 

Die gedruckte Version erhalten Sie auch im Abo. 

Jetzt Probeabo testen und 30% sparen 

Ra
um

fo
rs

ch
un

g 
un

d 
Ra

um
or

dn
un

g 
| S

pa
tia

l R
es

ea
rc

h 
an

d 
Pl

an
ni

ng
  2

02
1 
■  

79
/3

 ■
 S

.2
13

–2
30

17

SPECIAL TOPIC · Energy sufficiency

https://doi.org/10.14512/tatup.31.2.11  · Zeitschrift für Technikfolgenabschätzung in Theorie und Praxis (2022) 31/2: 11–17


	Exploring energy sufficiency: New challenges and options in times of crisis
	Introduction
	Different concepts of sufficiency
	Potential benefits of sufficiency
	Sufficiency appears crucial for avoiding the transgression of planetary boundaries
	Sufficiency mitigates the unintended side effects of other sustainability strategies
	Sufficiency fosters sovereignty and resilience
	Sufficiency increases health and well-being
	Sufficiency is fast and cost-effective
	Sufficiency enhances justice and freedom

	New research on energy sufficiency


