SPECIAL TOPIC

Energy

sufficiency:

Conceptual considerations,
modeling and scenarios
for less energy
consumption

Energiesuffizienz:
Konzeptionelle Uberlegungen, Modellierung und Szenarien

fiir weniger Energieverbrauch

Edited by B.Best, F. Wiese, M. Christ and T.Santarius

This article is licensed under a Creative Commons Attribution 4.0 International Licence (CC BY).
https://doi.org/10.14512/tatup.31.210



TATL‘_P Zeitschrift fiir Technikfolgenabschétzung in Theorie und Praxis
Journal for Technology Assessment in Theory and Practice

Il ockom

INTRODUCTION
Exploring energy sufficiency:
New challenges and options
In times of crisis

Benjamin Best*' ®, Michaela Christ2 @, Tilman Santarius® ®, Frauke Wiese* ®

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 verandert die politischen
Pramissen in rasender Geschwindigkeit. Wie sollen Politik und Gesell-
schaft auf hohe Energiekosten und eine fatale Abhdngigkeit von fos-
silen Energieimporten reagieren? Konnen moderne Gesellschaften mit
viel weniger Energie auskommen? Energiesuffizienz kann eine wichtige
Rolle bei der Beantwortung dieser Fragen spielen. Die Beitrage in die-
sem Special topic erforschen Suffizienz als einen interdisziplinaren For-
schungsgegenstand fur Energiemodellierung, -szenarien und -politik.
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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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mate neutrality scenarios in Germany (Liibbers 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: Bocker 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

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-
ling, 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 Forster 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.

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.

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;
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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; Rockstrom et al. 2009). Given the most
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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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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-
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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. Modelling 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
2022a; 2022b). 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.

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-

Sufficiency can promote justice not only

in terms of distribution, but also in terms of the recognition

of basic human rights.

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
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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 modelling
and scenarios: Patrick Zimmermann quantifies the energy suffi-
ciency potentials for buildings in his article, ‘Transition pathways
for the European building sector’, showing that a combination
of sufficiency, efficiency and consistency has the highest poten-
tial across different impact categories. The contribution made by
Carina Zell-Ziegler and Johannes Thema, ‘Impact chains for en-
ergy sufficiency policies’, conceptualises the inclusion of suffi-
ciency 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
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Katalysatoren fiir 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 Zumbrigel present a historical analysis of
changes in energy practices, tracking historical cases of energy
savings and demonstrating the importance of multidisciplinary
energy research.
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Abstract - Changes in energy consumption patterns after becoming a
prosumer household are rarely associated with negative environmen-
tal effects, as prosuming is intuitively assumed to be emission-reduc-
ing. This paper demonstrates the importance of sufficiency-oriented
energy prosumer behavior for climate neutrality goals by quantifying
GHG emissions for photovoltaic (PV) prosumers at the German house-
hold and energy system level. Based on the results, recommendations
are derived for promoting energy sufficiency in prosumer households.

Prosumer - zwischen Energiesuffizienz und Rebound-Effekten:
Klimawirkungen sich verandernder Haushaltsverbrauchmuster
in Deutschland

Zusammenfassung < Anderungen im Energieverbrauchsverhalten
durch den Wechsel zum Prosuming werden selten mit negativen Um-
welteffekten in Verbindung gebracht, da intuitiv angenommen wird,
dass Prosuming immer emissionsmindernd ist. Ziel dieses Beitrags ist
es, die Bedeutung des Suffizienzverhaltens von Energie-Prosumern fur
die Klimaneutralitatsziele nachzuweisen und die Treibhausgasemissio-
nen auf Haushalts- und Energieystemebene in Deutschland zu quanti-
fizieren. Basierend auf den Ergebnissen werden Empfehlungen zur For-
derung der Energiesuffizienz in Prosumer-Haushalten abgeleitet.
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Introduction

To decarbonize the energy system and achieve climate protec-
tion goals, significant increases in renewable energy production
are needed. Yet the expansion of renewables is still a huge chal-
lenge in terms of planning and operation, especially as new play-
ers, e.g., sector-coupling technologies, enter the energy markets.
A timely energy transition, therefore, will also require reductions
of energy demand through both sufficiency and efficiency meas-
ures. Solar photovoltaics (PV) are an essential part of this tran-
sition and the contribution of PV prosumers — households that
produce their own electricity —is becoming increasingly relevant.

PV prosuming not only influences the electrical energy mix
in the household, it can also lead to behavioral changes influenc-
ing energy consumption patterns (Diitschke et al. 2021; Galvin
2020). On the one hand, these changes can occur in the form of
rebound effects, which we define in this context as increases in
energy consumption subsequent to an increase in renewable en-
ergy use (Galvin et al. 2021). On the other hand, PV prosum-
ing may result in reductions in energy consumption, which we
understand as sufficiency-oriented behavior. Depending on the
methodology and socio-technical variables used, studies focus-
ing on rebound effects from PV prosuming find evidence for
both trends, with a varying scope that can range from a reduction
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or no significant increase in consumption (Li et al. 2020; Oberst
et al. 2019) to substantial rebound effects, potentially equivalent
to the rate of self-consumption (Frondel et al. 2020).

The findings of the German research project EE-Rebound in-
dicate increasing electricity consumption, especially for house-
holds that installed their PV-systems after 2011. This may be
attributed to self-consumption becoming economically more
profitable than grid feed-in after this date. Based on a survey
among prosumer and non-prosumer households with a subse-
quent matching of their socio-technical characteristics, the post-
2011 PV prosumer group was shown to exhibit an approximately
18 % higher electricity consumption than comparable non-pro-
sumer households (Galvin et al. 2022).

The reasons leading to higher consumption can be mani-
fold, economic incentives play a crucial role. The currently low
feed-in tariff may encourage a higher energy consumption, since
households favor the maximization of self-consumption over
feed-in remuneration (Weil} et al. 2021). The availability of eq-
uity financing with low ongoing costs can also encourage gener-
ous consumption. Prosumers practicing load shifting, i.e., mov-
ing power consumption into the sunny hours of the day when
solar PV output is greatest, and those effectively using smart
metering techniques are examples of energy-conscious behav-
ioral changes in the other direction. Galvin (2020) and Diitschke
et al. (2021) provide empirical findings on the significance of
this prosumer group that comprehensively monitors energy con-
sumption. Studies show that using extensive feedback systems
can lead to decreases in energy consumption of 8 to 12 % (Dro-
maque and Grigoriou 2018; Gihrs et al. 2021).

So far, the environmental implications of consumption
changes in prosumer households remain uninvestigated. One
could argue that household demand is largely met by PV output,
with thus little or no environmental effect on either the house-
hold or the overall energy system. The goal of our research is to
investigate the validity of this argument: how can we quantify
the environmental effects of the changes in energy consumption
patterns by PV prosumers and how relevant are these effects at
household and system level?

First, we present the modeling of energy flows at household
level and the upscaling to system level. Second, we elaborate
the methods for environmental assessment in terms of green-
house gas (GHG) emissions and apply these to the resulting en-
ergy flows and upscaling. Finally, we conclude with a summary
and deduce recommendations for policy makers, civil society
and prosumers with respect to increasing awareness of the im-
portance of PV prosuming and its related consumption patterns.

Modeling of energy flows and upscaling
scenarios

An examination of energy flows between a single household and

the main grid is intended to help us investigate how the absence
of energy sufficiency dampens the prosumer contribution to the
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energy transition. By upscaling the results of individual house-
holds to the system level in Germany, we provide insights into
the overall effects of consumption patterns.

Method, input data, and scenarios

First, to investigate the effects on the grid exchange of a variety
of consumption patterns, we rely on the IOW Energy Prosumer
Model. The model provides a bottom-up simulation of energy
flows in a household and allows us to simulate preset levels of
electricity consumption based on a given household size and ef-
ficiency class (co2online 2022). The model has been described
in detail in Gihrs et al. (2020). We investigate the following sce-
narios for a 3-person and a 5-person prosumer household:

e Reference (Ref): Average consumption according to co2online
(2022) (3-person household: ~3,700 kWh; 5-person house-
hold: ~5,200 kWh)

e Sufficiency (S—10): Reduced electricity consumption of ap-
proximately 10 %. We take this value as an average from the
findings of the studies presented in the introduction.

e Rebound (R+10; R+20): An overconsumption of 20% is
chosen as an approximation of the aforementioned survey
results of the project EE-Rebound. An overconsumption of
10% is investigated as an intermediate step, since values on
solar rebounds reported in the literature vary greatly.

e Rebound and load shifting (R+10 & LS; R+20 & LS): These
scenarios encompass prosumers who, in addition to increas-
ing their consumption, also practice load-shifting as de-
scribed above.

Second, we use available data to analyze the development of the
German PV market and the share of small-scale PV prosuming
systems with and without battery (AEE 2020; Bundesnetzagen-
tur 2021; Figgener et al. 2021). We assume a dynamic growth
for PV capacity of +0.7 GWp per year leading to approximately
140 GWp in 2030 (from ~60 GWp in 2021). While in line with
other studies targeting 130 to 150 GWp (BDEW 2021; dena
2021), the capacity goal investigated here represents a moderate
development of the PV market. This is emphasized by the recent
draft for the amendment of the Renewable Energy Source Act
(EEG), which targets 200 GWp by 2030 (BMWK 2022). Fur-
thermore, we assume that PV prosuming < 100 kWp will almost
quadruple compared to historical data.

Third, based on the average solar irradiation in Germany
weighted by geographic distribution of the PV systems (DWD
2021) and our simulated energy flows for the various household
sizes, we estimate the effect of different consumption patterns
by PV prosumers across Germany. Further detailed assumptions
can be found in Kegel et al. (2022).

Results and discussion

Results of the simulation at the household level show that over-
consumption can only be partly met by self-consumption. Load
shifting and battery storage can in part mitigate this demand, but
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with a more substantial increase in energy

Without battery storage With battery storage

demand (e.g., R+20), the overconsump- ) . , .
tion has to be met largely by the grid. The Self-consumption Grid supply Self-consumption Grid supply
described effects are presented in Table 1 [kWn/a] [kn/a] [kh/a] [kWh/a]
for a 3-person household. Given that the Ref 732 2,966 1880 1,875
results for a 5-person household are simi- 5-10 672 2552 1809 1471
lar, they are omitted here, but can be found 10 . s 903 .
in our related paper (Lenk et al. 2022). ' ' '

Results at the system level (including R+10&LS | 905 2,808 2,079 1,693
both 3- and 5-person prosumer house- R+20 939 3508 2,089 2415
holds) indicate that upscaling the R+10

. R+20&LS | 1159 3,304 2324 2197

and R+20 scenarios lead to a comparably

low effect on the current overall electric-
ity demand in Germany (1.2 and 2.4 TWh
in 2020, respectively). However, a signifi-
cantly increased demand of 6 to 12 TWh
is anticipated in 2030 (R+10 and R+20,
respectively). In the case of the R+20 scenario, this translates to
about 1.7 % of the forecasted electrical power demand for Ger-
many in 2030 (BMWK 2022). Of this additional demand, 70 %
would have to be grid-supplied. In contrast, if prosumers would
tend towards more sufficient consumption patterns in the future
(S-10), power savings of around —8.5 TWh could be achieved
in 2030 (-2 TWh in 2020).

The potential aggravation of both sufficiency and rebound
effects in 2030 is largely dependent on PV market development.
Even a moderate development of the installed PV capacity, as as-
sumed in our study, may result in the need for substantial addi-
tional renewable energy installations or longer operation of fos-
sil-based power plants.

Greenhouse gas emissions due to
changes in energy consumption patterns

In the following, we first describe our methodological approach
to determining GHG emissions at the household and energy sys-
tem level. We then present and discuss the results.

Methods

To assess the climatic impact of changing consumption pat-
terns at the household level, we carry out a life cycle assess-
ment (LCA) based on international guidelines (DIN EN ISO
14044:2006). The system analyzed is the same PV prosumer
household as described above. The system is compared to the
various sufficiency and rebound scenarios, both with and with-
out load shifting. System boundaries cover energy technologies
and their life cycle, as well as energy flows from the grid. All
energy and material flows and the resulting environmental im-
pacts are related to our single household’s power consumption
for 2020 (i.e., the functional unit). The impact assessment is lim-
ited to climate change as impact category and the correspond-
ing GHG emissions (CO,eq) are according to the IPCC (2007)
characterization factors.

TATuP - Zeitschrift fiir Technikfolgenabschatzung in Theorie und Praxis (2022) 31/2: 18-24

Tab.1: Results of simulated self-consumption and grid supply for a 3-person household with a 3.5 kwWp
photovoltaic system, and 3.5 kWh battery: electricity fed into grid equals electricity produced (3,431 kWh
in all scenarios) minus self-consumption.

Source: authors” own compilation

For the impact assessment, we use three emission factors:

e PV electricity: 0.056 kgCO,eq/kWh, derived from Lauf et al.
(2021). The factor represents a generic device based on cur-
rently installed PV capacities in Germany.

e Battery: 12.195 kgCO,eq/kWh of storage capacity and year,
derived from Okobaudat (BMI 2018). The value refers to a
lithium iron phosphate battery system with a lifetime of 20
years.

e Electricity from the grid: 0.391 kgCO,eq/kWh, based on
Lauf et al. (2021) and on official statistics by AGEB (2021).

The factors for PV and battery include GHG emissions from pe-
ripheral equipment (e.g., cables, inverters); all factors are valid
for 2020.

In order to investigate the changes in emissions of the entire
German power sector, we apply two supply side approaches and
the corresponding emission factors to the upscaled scenarios
presented in the previous section:

e Average generation mix (AGM): The supply for additional
consumption is equivalent to the average generation mix in a
year. To depict past production mixes, we use official statis-
tics by AGEB (2021). The 2025 and 2030 electricity mixes
are based on Prognos et al. (2021). The actual implementa-
tion of such an approach would require an active response to
changing consumption patterns by adjusting planned power
plant expansions, especially with regards to renewable en-
ergies.

e Natural gas power plants (NGPP): Additional demand is
provided by marginal generators in the German electrical
power market. For practical reasons, we follow a common
approach in life cycle modelling and assume natural gas tur-
bines as single and constant marginal technology (Rehberger
and Hiete 2015), which represents a strong simplification of
market mechanisms. The approach is also relevant to actual
changes in the German power plant fleet. Nuclear and coal
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the changes in the power plant fleet and

Scenario Without battery With battery ) )
o o electrical power production (our calcula-
Emissions cf. to Ref Emissions cf. to Ref .
[keCO.eql] %] (keCO,eal] %] tion based on Lauf et al. 2021; Prognos
S ° S ° et al. 2021).
Ref 1,201 0 878 0
$-10 1,036 4 716 18 Results and discussion
An overview of the resulting GHG emis-
R+10 1,310 8 984 n . . .
sions at the household level is displayed
R+*10&LS | 1239 3 904 3 in Table 2. Our 3-person household’s
R+20 1425 16 1101 20 GHG emissions for 2020 sum up to
1,201 kgCO,eq (no battery) and 878 kg-
R#20&1S | 1357 12 1,030 15 gCOeq ( y) /0 X8
CO,eq (with battery). Lower emissions

Tab.2: Emissions for a 3-person household with a 3.5 kWp photovoltaic system (Ref is the scenario

without behavioural changes).

Source: authors’ own compilation

with battery are due to the greater vol-
ume of PV self-consumption, which also

overcompensates for additional emis-
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sions from battery production. Generally,
the scenarios with rebound effects lead
to higher GHG emissions both with and
without battery when compared to the
Ref scenario. In the sufficiency scenario,
the household’s GHG emissions decrease
in both cases. Furthermore, a symmetri-
cal rebound or sufficiency effect of 10%
leads to asymmetrical changes in GHG
emissions (e.g., +8 and —14% without
battery), since changes in consumption
have an effect on volumes of GHG-in-
tensive grid supply rather than on PV
self-consumption. With load shifting,

2028

2029 2030

Year

Fig.1: Additional greenhouse gas (GHG) emissions per year until 2030; supply by natural gas power plant
Source: authors' own compilation

(NGPP) and by average generation mix (AGM).

power plants are to be phased out, whereas capacities of dis-
patchable gas power plants shall be expanded, according to
the intentions of the current German government (SPD et al.
2021) and scenarios approved by the German Federal Net-
work Agency (Bundesnetzagentur 2020).

Given that both approaches assess large-scale structural changes
and consequences of two opposing options for decision-making,
they conform to the approach of consequential life cycle inven-
tory modelling (EC JRC IES 2010; Zamagni et al. 2012).

Technology-specific emission factors for electricity produc-
tion including direct and indirect emissions of the upstream
chains are taken from Lauf et al. (2021). The emission fac-
tors related to gross electricity production were adjusted for the
power plants’ own consumption. Furthermore, we neglect net-
work losses and trade with neighboring countries.

The NGPP approach uses a fixed emission factor of 0.453 kg-
CO,eq for each additional net kWh that is consumed. The emis-
sion factor in the AGM approach decreases from 0.391 kg-
CO,eq/kWh in 2020 to 0.174 kgCO,eq/kWh in 2030 due to
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emissions can be mitigated by up to eight
percentage points.

In cases without battery, the emissions
are mostly due to energy supply from the
grid (~96%) and to a lesser extent PV
power supply (~4 %). In cases with battery, electricity from the
grid remains the main source of GHG emissions (80-86 %), fol-
lowed by PV (10-14 %) and the battery (~5 %).

Results for the impact assessment at the system level are
shown in Figure 1 with the AGM approach, the S—10 scenario
results in savings of 0.7 MtCO,eq in 2020 and up to 1.5 Mt-
CO,eq in 2028. These savings remain at a similar level thereaf-
ter, since the yearly emission factor is falling towards 2030. Thus,
decreasing consumption leads to less GHG savings per unit. Ad-
ditional GHG emissions in the rebound scenarios peak in 2027
(R+10: 1.1 MtCOeq, R+20: 2.1 MtCO,eq) and, subsequently,
decline towards 2030 (1.0 and 2.0 MtCO,eq, respectively) as
the sinking emission factor overcompensates for the increase in
electricity consumption.

The NGPP approach results in continuously decreasing emis-
sions for the sufficiency scenario (S—10). Emissions of up to
3.9 MtCO4eq in 2030 can be saved in 2030. In contrast, GHG
emissions in the rebound scenarios are steadily increasing. In
2030, the additional burden sums up to 2.7 MtCO,eq (R+10)
and 5.2 MtCO,eq (R+20).
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The results show furthermore that load shifting has almost
no effect on GHG emissions since we apply fixed emission fac-
tors per year, whereas this flexibility measure affects the house-
hold’s power supply during the year.

Compared to the reduction target for the German energy sec-
tor in 2030 (108 MtCO,eq according to the Federal Climate
Change Act, KSG (2021)), GHG emission savings due to a re-
duced energy demand (sufficiency) can account for a share of
up to 1 % (AGM) and 4 % (NGPP). Additional emissions due to
increased energy consumption (rebound effects) account for a
share of up to 2% (AGM) and 5% (NGPP).

Since additional emissions fall toward 2030 in the AGM ap-
proach, our results might suggest that rebound effects become
less of an issue over time. However, this conclusion neglects
that the expansion of renewables is already becoming a chal-
lenge today. Therefore, additional GHG emissions in the case of
overconsumption may impede climate targets, making a revision
of consumption projections and renewables planning necessary.

Quantifying the degree of over- or underconsumption when a
household turns prosumer, however, remains challenging. First,
because empiric data on the behavioral effects of PV prosuming
indicate cases of varying tendencies; second, because a clearer
distinction between consumption associated with sector cou-
pling vs. mere rebound effects is still pending. Upscaling mag-
nifies these uncertainties further, as the same consumption pat-
terns are applied to the entire German PV capacity < 100 kWp.
This demands a more detailed investigation of consumption pat-
terns with different PV system characteristics.

Using static, inner-annual emission factors of the average en-
ergy market mix or of marginal suppliers is common practice in
LCA (EC JRC IES 2010; Rehberger and Hiete 2015). This ap-
proach, however, neglects dynamics in the power system. Lund
et al. (2010) show that assuming natural gas power plants as
a single marginal technology results in lower GHG emissions
compared to a modelling approach that reflects dynamic market
interactions. These dynamics are becoming even more relevant
as volatile renewable energies enter the market. Furthermore,
our impact assessment is limited to climate change, whereas
other impact categories are also relevant for electrical power pro-
duction (Barros et al. 2020). Finally, the actual changes in GHG
emissions depend very much on the quantity and speed of re-
newable energy expansion and fossil fuel phaseout.

Conclusion and recommendations

Households tend to reduce their emissions when switching to
prosuming (Lenk et al. 2022); this can be enhanced by suffi-
cient behavior or diminished by rebound effects. As shown by
our results at household level, greater energy consumption, trig-
gered by prosuming, leads to greater GHG emissions. These can
be mitigated by load shifting and the use of larger-sized PV sys-
tems, since, in both cases, the increased demand is more closely
associated with the PV-produced electricity. In the defined suf-
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ficiency scenario, the results showcase decreasing emissions and
a greater share of electricity fed into the grid.

The results of upscaling show that rebound effects can add
up to relevant additional GHG emissions as the number of pro-
sumer households increases and the politically intended mar-
ket diffusion of PV and PV battery systems materializes. Load
shifting can hardly reduce this effect, since the PV power used
to meet the increased demand can no longer be fed into the grid.

Based on our analyses, we offer, in the following sections,
recommendations to incentivize energy sufficiency and avoid
rebound effects. We address measures to both encourage be-
havioral changes at the household level, as well as collective
energy sufficiency strategies. Furthermore, tariffs and services
are discussed. Finally, we present the needs identified for fu-
ture research.

Information and consultation

Due to the fundamental importance of individual participation
in the energy transition, it is key that we provide prosumers with
the advice and information needed such that they can support
climate goals with their consumption practices. In consultation,
instead of focusing on self-consumption and the economic ad-
vantages of PV systems (Kratschmann and Diitschke 2021), the
potential contribution of the prosumer to the energy transition
should be emphasized more strongly.

Sufficiency-oriented behavior can furthermore be supported
by real-time feedback on energy consumption. Smart meters can
be used for this purpose, as they not only have a positive effect
on power consumption, but are also economically and ecologi-
cally worthwhile (Géhrs et al. 2021).

Political and regulatory framework

The Renewable Energy Sources Act (EEG) in Germany is cur-
rently fostering self-consumption among prosumer households
as it is the most cost-effective option. This might be advanta-
geous for acceptance and the fast expansion of solar PV. But it
does not lead to sufficient consumption patterns, and often lim-
its the size of the PV system being installed. As shown by Li
et al. (2020), prosumer consumption tends to decrease, when
feed-in increases; thus, increasing incentives for grid feed-in
could support greater sufficiency-oriented behavior.

In addition, the EEG-rule, ensuring that small PV systems
may feed in only 70 % of the rated power supports overconsump-
tion, as some prosumers erroneously fear that up to 30 % of the
electricity they produce, is “wasted” (Galvin 2020; Weil} et al.
2021). Targeted information on the actual low significance of
this curtailment rule could reduce this problem.

Tariffs and services

Among the cloud and community tariffs identified in Lenk et al.
(2022), some offer solutions to limit generous consumption. For
instance, credit financing of the PV system with monthly install-
ment payments can smooth out the uneven distribution between
high initial investment costs and low ongoing operating costs of a
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PV system. In addition, incentives like a cash-back system, where
unused electricity quantities are paid out, can promote sufficien-
cy-oriented behavior. (This, however, leads to additional house-
hold income, which, depending on how it is used, could lead to
a monetary rebound and therefore to other ecological impacts.)

Further research

The environmental effects of changing consumption patterns as
a consequence of becoming a prosumer household have so far
not been addressed in energy system modelling, nor in climate
neutrality trajectory planning. We urge further investigation of
these linkages, e.g., by conducting more extensive interdiscipli-
nary research and making scenarios with such behavioral effects
a more common practice in modelling.

For the environmental assessment methods, future research
could address models to investigate inner-annual dynamics in
the power market. Further studies might also broaden the assess-
ment to additional impact categories.
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Are more solar panels always better?:
Assessing carbon impact
at the community scale

Jonathan Coignard*"2 @, Sacha Hodencq? ®, Nana Kofi Twum-Duah? @, Rémy Rigo-Marianiz ®

Abstract - Are more solar panels always better in terms of carbon im-
pact of a local energy community, and what is the impact of energy suf-
ficiency? The answer is simple when a local power grid is seen as in-
finite storage. However, this answer becomes more difficult if we as-
sume that exporting power to a larger grid at the national scale is not
the desired option. Although this is a conservative hypothesis, it is con-
sidered for technical and social reasons. In doing so, load profiles be-
come a key to evaluating the carbon impact of hybrid systems with so-
lar panels plus storage units. To summarize the impact of any load pro-
files on the optimal sizing of solar panels, we propose a novel index
denoted ‘natural self-sufficiency’. Our results show that not only the
reduction of energy demand, but also greater flexibility significantly af-
fects the carbon emissions related to solar panels.

Sind mehr Solarmodule immer besser?:
Bewertung des kommunalen Kohlenstoffausstofies

Zusammenfassung « Sind mehr Solarmodule immer besser, wenn es
um die Kohlenstoffbelastung einer lokalen Energiegemeinschaft geht?
Und welchen Einfluss hat die Energiesuffizienz? Die Antwort ist einfach,
wenn ein lokales Stromnetz als unendlicher Speicher betrachtet wird.
Die Antwort wird jedoch schwieriger, wenn man davon ausgeht, dass
die Einspeisung von Strom in ein grofieres Netz auf nationaler Ebene
nicht die gewtinschte Option ist. Obwohl dies eine konservative Hypo-
these ist, wird sie aus technischen und sozialen Griinden in Betracht
gezogen. Unter dieser vorsichtigeren Annahme werden Belastungspro-
file zu einem Schlussel fur die Bewertung der Kohlenstoffauswirkungen
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von Hybridsystemen mit Solarmodulen und Speichereinheiten. Um die
Auswirkungen beliebiger Profile auf die optimale Dimensionierung von
Solarmodulen zusammenzufassen, schlagen wir einen neuartigen Index
vor, der als ,naturliche Autarkie’ bezeichnet wird. Unsere Ergebnisse zei-
gen, dass nicht nur die Verringerung des Energiebedarfs, sondern auch
eine grofiere Flexibilitat die Kohlenstoffemissionen im Zusammenhang
mit Solarmodulen erheblich beeinflusst.

Keywords - self-sufficiency, energy communities, energy sufficiency,
optimal sizing, greenhouse gas emissions

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

Starting with a question on solar panels might be unexpected
when energy sufficiency (Zell-Ziegler 2021) is the topic of in-
terest. Although both renewable energy production and energy
sufficiency are separate topics, they share a common goal and
synergies. Both load shaping and shifting are critical to renew-
able energy integration but also related to energy sufficiency as
they bring lifestyle changes (e.g., charging electric vehicles on
sunny days). Our objective is to study the influence of energy
sufficiency on greenhouse gas (GHG) emissions induced by so-
lar plus storage systems.

At first sight, yes, more solar panels always reduce GHG
emissions. At least, this is the answer from a simple back-of-the-
envelope calculation. On the one hand, manufacturing and re-
tiring solar panels have an average GHG cost of 1040 kgCO,eq/
kWp (ADEME 2021). On the other hand, producing electric-
ity from a 1 kWp solar panel avoids on average 266 kgCO,eq
per year in Germany and 69 kgCO,eq per year in France (elec-
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tricityMap 2022; Huld et al. 2012). It follows that after four
years in Germany or 15 years in France, a solar panel has vir-
tually reimbursed its carbon impact. If we assume that the life-
time of a solar panel is longer than 20 years, we can conclude
that more solar panels always reduce GHG emissions.

However, this brief calculation makes the hypothesis that the
electrical grid acts as infinite and ideal storage. In other words,
it is always possible to import or export from or to the grid.

Let’s consider the hypothesis where power injection into the
upstream grid is possible but no longer desired. In such a sce-
nario, more solar panels are not always better in terms of GHG
emissions. It depends on the proportion of solar energy that can

panels and storage systems is highly dependent on the load pro-
files that shall be met by both local assets and imports from the
main grid. Indeed, some load profiles are naturally more in-
clined to absorb — i.e., self-consume — solar production when as-
sociated together. For instance, an office building with greater
consumption during daytime is naturally better equipped to con-
sume solar generation, than a residential building with an 8§ pm
peak demand. Unfortunately, real-world consumption profiles
are scarce resources, especially when looking for a variety of
consumer types. The existence of open-source databases is one
solution to studying the effect of various load profiles on the op-
timal sizing of solar panels and storage capacities (Quoilin et al.

From a greenhouse gas emission’s perspective,

what is the right number of solar panels and size of batteries,

if exporting power is not a desired option?

be absorbed locally. With that hypothesis, only the energy pro-
duction that overlaps with local consumption is accounted to re-
imburse the initial carbon cost of solar panels.

Why would we consider this more conservative hypothesis?
We propose two reasons, first from a technical point of view,
and second from a more social or energy sufficiency-oriented
perspective. In reality, the electrical grid is far from an infinite
storage, and exporting solar power also has a carbon cost. For
instance, solar power does not replace the stability brought by
large rotating machines (i.e., spinning reserve for frequency reg-
ulation), nor does it change the number of thermal power plants
required to meet the electricity demand at night in winter. In
some cases, it actually calls for more thermal power plants to
increase ‘ramp up’ capacities when evening consumptions in-
crease as the sun sets (Calero 2022). Exporting more solar power
may also imply additional grid reinforcements and emissions
from unintentional start-up and shutdown sequences of conven-
tional thermal units.

The second reason to consider the hypothesis of constrained
grid exports is of social nature. We believe that there is a trade-
off to consider between the different scales of the grid, in par-
ticular between the national scale and the scale of local energy
communities. A trade-off between efficiency gains from large-
scale infrastructures, versus what the proximity to a limited pro-
duction can bring in terms of energy sufficiency (Illich 1974).
We do not advocate for grid-independent energy communities.
However, we consider grid-dependent communities that chose
to situate their actions for the energy transition at a local scale,
rather than at a national scale. Then the question is: From a GHG
emission’s perspective, what is the right number of solar panels
and size of batteries, if exporting power is not a desired option?

To answer this question, we formulate an optimization prob-
lem. However, minimizing GHG emissions by installing solar
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2016). However, this only provides discrete answers, without of-
fering a continuous analysis for degrees of ‘alignment’ between
load profiles and solar production.

In order to quantify this concept of ‘alignment’, but also to
study the sensitivity of GHG emissions to this concept, we pro-
pose a novel approach, where ‘alignment’ is measured as a novel
index denoted as natural self-sufficiency (NSS), and load pro-
files can be modified to match a given NSS. This approach ap-
pears as a relevant solution to provide lower and upper bounds
on GHG costs, which is potentially faster than running large
Monte-Carlo simulations.

Our contribution in this publication is to:

¢ inform the GHG cost of solar panels and storage systems
when considering that exporting power is not the desired op-
tion,

e provide a method for estimating the impact of load profiles
on lower and upper bounds of GHG emissions,

e explore the effects of energy sufficiency on resulting GHG
emissions.

e All the data, models, and results developed in this paper are
made available in open access online (see research data, s.n.).

Defining natural self-sufficiency

Motivations and definition

Our objective is to develop a metric that quantifies the relative

ability of a load profile to overlap with solar production. We

aim for a relative metric, as we expect to compare different load

profiles at the same location but with unequal energy demands.
To build such a metric, we rely on the well-established

self-sufficiency metric (Luthander et al. 2015) which represents
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Further, we impose that the energy con-
sumption remains unchanged and that the
previous maximum power demand is not
exceeded as additional constraints. The
problem results in a mixed-integer quad-
ratic programming problem, for the com-
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109 NSS plete set of equations, we refer the reader
to online supplementary materials.

42% NSS Before closing this section, we illus-
trate both, the concept of NSS, and mod-
ifying load profiles. Fig. 1 shows a load

90% NSS profile with a 42% NSS (in blue), which

21:00 Jun 11,2019 is then modified to either reach a 10%

NSS (in red) or a 90% NSS (in green).

Fig.1: Illustrative example of modifying the natural self-sufficiency of a load profile from 42% (blue) to
Source: authors’ own compilation

10% (red), and 90 % (green).

the percentage of consumption that is covered by local produc-
tion within 15-minute intervals. However, to provide a metric
relative to a load profile and a location, we calculate self-suffi-
ciency for a solar panel capacity that generates the same amount
of yearly energy as consumed by the load profile (i.e., a net-zero
energy balance). Taking this solar capacity enables to theoreti-
cally reach a 100 % natural self-sufficiency for any load profile.

The resulting NSS metric provides a way to differentiate the
load profiles’ ability to absorb solar production. For instance,
to differentiate a residential load profile from an office build-
ing load profile. The latter is more likely to have a higher NSS
as most of its consumption occurs during daylight hours as op-
posed to a residential scenario.

Method to create load profiles with a specific natural
self-sufficiency

In and of itself, NSS is interesting to differentiate load profiles.
Characterizing NSS opens the door to a second phase where we
can modify the load profiles to match a given NSS value. There
are several reasons to create new load profiles with modified
NSS. One reason is to provide lower and upper bounds with
regard to variations in load profiles when optimally sizing so-
lar panels.

Another reason, which we explore in this paper is to summa-
rize the impact of any load profile (i.e., with different patterns,
and energy demands) on the optimal sizing of solar panels with
a single index. This is useful to exhaustively explore the impact
of load profiles (from 0 to 100 % NSS) on GHG emissions. In a
way, we estimate the minimum GHG emission for any load pro-
file, and therefore for any local energy community (at a given
location).

To generate new load profiles, we start from an original re-
al-world load profile and implement an optimization-based ap-
proach. The objective of the optimization is to make as few
changes as possible from the original profile (i.e., minimum
mean square error as an objective) to match a certain NSS target.

https://doi.org/10.14512/tatup.31.2.25

The illustration is considered on a single
day for simplicity. The 10% NSS target
results in little load demand during the
day, whereas the 90 % target increases de-
mand during daylight hours compared to the original load pro-
file (in blue). For all the profiles, peak demand and overall en-
ergy consumption remain the same.

Natural self-sufficiency as a moderator

Motivations and methods

In the previous section, we have explained our methodology to
construct load profiles from 0% to 100% NSS. In this section,
we explore GHG emissions as a function of NSS (i.e., load pro-
files), but also as a function of a self-sufficiency target. Includ-
ing self-sufficiency enables observing GHG emissions for local
energy communities where GHG emissions are not the only siz-
ing criteria (e.g., financial costs may lead to a different target in
terms of self-sufficiency).

Intuitively, a community expecting to be fully self-sufficient
with a NSS index close to zero will need large storage capacities
leading to a high GHG impact due to carbon installation costs.
On the contrary, achieving 30 % self-sufficiency for a commu-
nity with an already high natural self-sufficiency of 50 % might
avoid any storage, or oversized solar panels, and thus lead to a
low GHG impact. This balance between self-sufficiency and
GHG emissions is expressed in Fig. 2 for load profiles with dif-
ferent starting NSS.

Each data point in Fig. 2 is the result of an optimization prob-
lem that sizes solar panels, and storage to reach a given self-suf-
ficiency with a minimum amount of carbon emissions. The
emissions estimations account for the solar and storage manu-
facturing (‘capital” emissions) as well as the emissions incurred
by energy imports from the grid (‘operational’ emissions). This
method to minimize GHG emissions while achieving a given
self-sufficiency is described in (Hodencq et al. 2021). In a
nutshell, this method mixes short-term constraints (e.g., on a
15 min basis) and long-term constraints (e.g., over 20 years). It
covers short-term operations to meet self-sufficiency goals (e.g.,
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Fig.2: Greenhouse gas (GHG) emissions as a function of self-sufficiency levels for profiles with 10 % to 100 % natural self-sufficiency, in France (left)

and Germany (right).

respecting battery physics), as well as long-term considerations
such as investment decisions, and equipment aging.

In this work, we consider an average carbon impact of 1040
kgCOy/kWp for solar panels (ADEME 2021), and 158 kgCO,/
kWh for batteries (Peters et al. 2017). To simplify comparing
different load profiles, annual average grid emissions factors
are considered, for Germany 293 gCO,Eq/kWh and for France
58 gCO,Eq/kWh as per hourly data (electricityMap 2022).

Source: authors’ own compilation

self-sufficiency), the GHG emissions incurred by manufactur-
ing solar panels are compensated by reducing day-to-day emis-
sions from the main grid. However, greater self-sufficiency tar-
gets require the installation of larger solar panels and batteries,
which also implies significant emissions. Especially, signifi-
cant battery capacities are needed to cope with successive days
of moderate solar production and supply power peaks. In such
cases, the operational carbon savings do not compensate for the

Some energy sufficiency actions can be modelled by

a homogeneous consumption reduction alone, e.g., lowering the heating

temperature by 1° Celsius in winter, or disposing of a freezer.

Results
Looking at GHG emissions per kWh in France and Germany
tells a completely different story (Fig.2). Since GHG emissions
for electricity usage are significantly lower in France, shedding
10 gCO,Eq/kWh is challenging, (i.e., it requires a starting NSS
of around 80% with 3 kWp solar panels per house). Whereas
Germany with much higher grid emissions can hope to shed
75 gCO,Eq/kWh realistically (i.e., with a moderate NSS at 30 %,
3.5 kWp of solar panels, and 8 kWh of batteries per household).
Diving further in Fig. 2, we check that when self-suffi-
ciency is at 0%, all the energy consumption is imported from
the main grid, as there is no solar generation installed. Thus,
the normalized carbon emissions are equal to the average
French and German grid emissions (red dashed line) respec-
tively. In both countries, at low self-sufficiency targets (i.e., 20 %
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manufacturing emissions, and the global system GHG emissions
can reach values well above those of national grids (especially
in France).

Verifying the hypothesis on natural self-sufficiency
As mentioned earlier, we hypothesize that load profile differ-
ences can be summarized through the proposed NSS index when
it comes to sizing renewable energy systems (for a given loca-
tion). To verify this hypothesis, we expect that two load profiles
with the same NSS will give identical results in Fig. 3. In other
words, any load profile with a given NSS should fall within the
corresponding NSS curves from Fig. 3. We then select 4 differ-
ent load profiles from open-source data sets with NSS of 29 %,
31%, 33 %, and 39 % respectively (Quoilin 2016; Delinchant
et al. 2016).

https://doi.org/10.14512/tatup.31.2.25



Below 60 % self-sufficiency, Fig. 3 shows that our hypothesis
holds, as all the curves remain within the 30% to 40 % bound-
aries. This is a significant result as energy communities most
often remain below 65 % self-sufficiency (Quoilin et al. 2016).
Beyond 60 % self-sufficiency, the NSS index is not the only pa-
rameter to consider, as the GHG impact of batteries becomes
significant. In particular, the maximum peak demand, and con-
secutive days with large energy demand influence the size of the
battery required to reach a certain self-sufficiency. It ultimately
leads to deviations from the expected GHG emissions given by
the reference chart generated with load profiles computed fol-
lowing our methodology.

Observing the effect of energy sufficiency
with natural self-sufficiency

Motivations and methods

Energy sufficiency measures are complementary to other en-
ergy transition measures such as efficiency, and the develop-
ment of renewable energies to replace carbon sources (Samadi
et al. 2017). The definition of energy sufficiency is plural (Zell-
Ziegler 2021). Here we adopt Bierwirth and Thomas’ definition:
“actions which reduce energy demand, [...], whilst at the same
time changing the quantity or quality of the energy services de-
manded in a sustainable way and not below people’s basic needs”
(Bierwirth and Thomas 2019, p.6). Some energy sufficiency ac-
tions can be modelled by a homogeneous consumption reduc-
tion alone, e.g., lowering the heating temperature by 1° Celsius
in winter, or disposing of a freezer. Yet energy sufficiency ac-
tions also relate to the shift and avoidance of particular energy
uses (Erba and Pagliano 2021). As such, we model energy suf-
ficiency through a combination of both homogeneous consump-
tion reductions and flexibility in energy use.

We assume that increasing flexibility is analogous to increas-
ing natural self-sufficiency with the ability of a user to ‘align’
his demand profile to sun peak hours. For instance, an increase
of NSS by 10% means that 10% of the electric consumption
has been shifted to be covered by local solar production (i.e.,
flexibility).

Further, consumption reduction is modelled as a homogene-
ous lowering of the load profile each year. While such model-
ling also corresponds to energy efficiency measures, it is here
considered as a component of energy sufficiency as it may also
represent a reduction in heating demand. Based on the evolution
of buildings consumption in Northern countries (Grubler et al.
2018), we assume an annual reduction in consumption of 2,8 %
over the 20-year study horizon (i.e., 23 % less consumption after
20 years). The work of Grubler et al. can be considered a best-
case scenario in our study since it is one of the most ambitious
scenarios regarding energy demand reduction. Moreover, it con-
siders overall energy usage and not only electricity use, and en-
ergy demand reduction in this scenario is due both to energy ef-
ficiency and sufficiency.

https://doi.org/10.14512/tatup.31.2.25
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Fig.3: Verifying the hypothesis on NSS for the German case using four different
load profiles with various natural self-sufficiency (specified on each curve).
Source: authors” own compilation

The provided method and supplementary materials enable to
explore various levels of sufficiency with different combinations
of energy consumption reduction and flexibility. A perspective
of this work would be to compare the obtained results to bot-
tom-up approaches, for instance based on Brischke et al. work
who consider the number, use patterns and technical character-
istics of appliances to reflect reduction, substitution, and adjust-
ment of consumption (Brischke et al. 2015).

Results
The results enable to compare the effects of homogeneous en-
ergy reduction and flexibility, and to observe the effect of en-
ergy sufficiency as their combination.

The impact of consuming less energy, or being more flexible
is illustrated in Fig. 4, with GHG emissions (in tCO,Eq/house/
year) as a function of self-sufficiency for various curves:

e areference curve (in blue) that is the residential load profile
of a 20 houses community with a NSS of 34,2 %,

e aflexibility curve (in orange) where the NSS of the reference
curve was increased to reach 60 % (emulating flexibility),

e areduced consumption curve (in red dotted line) applying the
assumption of a steady 2,8 % per year consumption reduction
with respect to the reference curve,

e and an energy sufficiency curve (in green) combining both
flexibility and consumption reduction.

Let’s consider different ranges of self-sufficiency, first between
0% to 30 %, then between 30 % to 60 %, and finally from 60 %
to 100%. In the first section, with no investment in solar pan-
els or other renewable sources (0% self-sufficiency), then flex-
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Fig.4: Comparing flexibility effects and energy efficiency for a German energy
community of 20 houses. Source: authors’ own compilation

ibility is ineffective. Whereas energy reduction is impactful as
carbon emissions are directly proportional to the consumption
decrease.

In the second range, for households expecting between 30 %
to 60 % self-sufficiency, flexibility steadily becomes as impor-
tant as lowering energy consumption. At 60 % self-sufficiency,
taking the flexibility route or the low demand route leads to
different technological mixes. The flexibility route leads to a
69 kWp solar panel with 11 kWh of battery, whereas the re-
duced consumption requires a smaller 53 kWp solar panel but a
much larger 107 kWh battery. In the end, flexibility acts as ‘car-
bon-free’ storage with users that actively adapt their load pattern.
Although reduced consumption seems to be more impactful in
this range, the best route is undoubtedly to work on both fronts
at the same time, i.e., energy sufficiency.

The last range is more abstract and is getting closer to a case
of energy autonomy since self-sufficiency rates are very high.
In this case, flexibility becomes predominant, especially long-
term flexibility where winter load demand is moved to summer.

Conclusion

In this paper, we address the sizing of solar panels plus storage
in view of minimizing GHG emissions. We place ourselves in a
context where power injection into the upstream grid (i.e., out-
side of a local energy community) is possible but no longer de-
sired for technical and social reasons.

In that context, load profiles become critical in influenc-
ing GHG emissions from solar panels plus storage. Throughout
this paper, we illustrate a methodology to quantify this impact
for a variety of load profiles, in particular the impact of shift-

TATuP - Zeitschrift fiir Technikfolgenabschdtzung in Theorie und Praxis (2022) 31/2: 25-31

ing energy usage during sun peak hours related to energy suf-
ficiency.

From our results, we draw some trends rather than absolute
certitudes. For instance, in the French case further reducing
emissions by 10 gCO,Eq/kWh is challenging. However, in Ger-
many, communities can hope to shed 75 gCO,Eq/kWh realisti-
cally, with an overall natural self-sufficiency of 30 %, and house-
holds equipped with 3.5 kWp solar panels, and 8 kWh batteries.
Our results also speak to the limits of relying on high self-suf-
ficiency levels, when simply reducing electricity consumption
might be better in terms of GHG emissions. This is clear in
France, less in Germany as GHG emissions still decrease until
70 % self-sufficiency.

We believe that our proposition for a natural self-sufficiency
index and the methodology to modify load profiles is interesting
to estimate results on a variety of load profiles (which is often
not possible due to the scarcity of available data). In particular,
this is a valid solution when load profiles cannot be modified
from the ground up using individual appliances’ consumption. If
local energy communities want to gain confidence with regard
to potential load profile changes (e.g., due to unexpected new
members), they may use our methodology to apply some varia-
tion to their load profile. Further, we expect that this methodol-
ogy can evolve, for instance by including other parameters like
consecutive days without solar production.

Finally, it would be interesting to see how results may change
if we account for some GHG emission offsets when exporting
power to the upstream grid. Depending on the magnitude of this
offset, this would potentially favour installing more solar pan-
els, delay the use of storage systems, and lower the importance
of shifting energy usage to daytime.
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Transition pathways for the
European building sector:
Comparison of environmental savings
from sufficiency, consistency,
and efficiency measures

Patrick Zimmermann*?

Abstract « This article addresses the lack of data about the envi-
ronmental savings potential of sufficiency measures in the European
building sector by using the EUCalc tool. The savings potentials of dif-
ferent sufficiency, consistency, and efficiency measures in the impact
categories greenhouse gas emissions, energy, and renewable as well
as non-renewable resources are calculated. With sufficiency measures,
a total of 16 % of GHG emissions can be saved compared to an EU past
trends scenario. Efficiency and consistency measures save 31% and
22 %, respectively. The most effective sufficiency measure is a reduc-
tion of living space per capita. The results vary between the impact cat-
egories studied.

Transformationspfade fiir den europdischen Gebdudesektor:
Vergleich von Umwelteinsparungen durch Suffizienz-, Konsistenz-
und Effizienzmafnahmen

Zusammenfassung < Dieser Artikel adressiert die dkologischen Ein-
sparpotenziale von SuffizienzmafSnahmen im europdischen Gebdu-
desektor. Unter Verwendung des EUCalc-Tools werden die Reduktio-
nen verschiedener Suffizienz-, Konsistenz- und Effizienzmafsnahmen
in den Wirkungskategorien Treibhausgasemissionen, Energie und er-
neuerbare sowie nicht erneuerbare Ressourcen berechnet. Durch Suffi-
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zienzmafsnahmen konnen insgesamt 16 % der THG-Emissionen im Ver-
gleich zu einem EU Past Trends-Szenario eingespart werden. Durch Ef-
fizienz- und Konsistenzmafinahmen lassen sich analog 31% bzw. 22 %
einsparen. Die wirksamste Suffizienzmafsnahme ist die Verringerung der
Pro-Kopf-Wohnfldache. Die genauen Ergebnisse variieren zwischen den
untersuchten Wirkungskategorien.

Keywords « sufficiency, consistency, efficiency, buildings, emissions

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.31.210

Introduction

The building and construction sector has a major impact on Eu-
rope’s ecological footprint, accounting for 36 % of greenhouse
gas (GHG) emissions and 40 % of energy consumption (Euro-
pean Commission 2020a). Construction also contributes to al-
most 36 % of total waste generated (ECSOEU 2020).

To reduce these negative environmental impacts, political ac-
tions have so far relied primarily on technological approaches as
can be seen, for example, in the Energy Performance of Build-
ings Directive (EPCEU 2021), the ‘Renovation Wave’ (Euro-
pean Commission 2020b) and the New European Bauhaus In-
itiative (ECJRC 2021). All of these approaches focus on either
efficiency — through thermal insulation and renovation — or con-
sistency — through natural or circular building materials and re-
newable energies.
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But with the current policies alone, GHG emissions, for ex-
ample from residential buildings, will decrease by only 30 %
by 2050 (Kruit et al. 2020). The reasons for this include lack of
ambition, mainstreaming and implementation (Staniaszek et al.
2021), but also the occurrence of rebound effects — especially as
rising per capita living space counteracts square meter-related
energy savings (Bierwirth and Thomas 2015) — and the failure
to take sufficiency into account.

SPECIAL TOPIC - ENERGY SUFFICIENCY

This article, therefore, aims to quantify what savings in terms
of GHG emissions, energy demand, and renewable and non-re-
newable resource demand can be achieved with building-related
sufficiency measures in Europe. For comparison purposes, the
potentials for efficiency and consistency measures were also cal-
culated. The potentials are theoretical maximum values with-
out taking into account implementation difficulties or rebound
effects.

What savings in terms of greenhouse gas emissions, energy demand,

and renewable and non-renewable resource demand can be achieved

with building-related sufficiency measures in Europe?

In general, sufficiency is defined as “modification of con-
sumption patterns that help to respect the Earth’s ecological
limits, while aspects of consumer benefit change” (Fischer and
GrieBhammer 2013, p.5). Therefore, sufficiency complements
solely technical approaches to efficiency and consistency with
a strong orientation towards people’s basic needs (Over et al.
2021, p.204).

Translated into buildings, this means “an appreciative,
needs-oriented and environmentally friendly approach to the
use of existing resources, that is, land, material and natural re-
sources” (Over et al. 2021, p. 204, author’s translation). There-
fore, the preservation and renewal of existing buildings has to
be a priority. Only if the corresponding requirements cannot be
met in this way can extensions to the existing building stock be
considered, and only in absolutely exceptional cases new build-
ings. (Deutscher Stidtetag 2021, p.6). In addition, other impor-
tant sufficiency aspects that can be found in the literature are the
reduction of per capita living space (e.g., through shared living
concepts), low-tech construction and energy concepts, partici-
patory planning processes, and needs-based building operation
(Zimmermann 2018).

Quantifying building-related sufficiency
measures in Europe

While the savings potentials of technological sustainability strat-
egies have been quantified in many cases, calculations are still
missing for sufficiency. Only a few studies consider building-re-
lated sufficiency aspects at all. They look either at the global
(Grubler et al. 2018; Kuhnhenn et al. 2020), national (Association
négaWatt 2018; Cordroch et al. 2021; Purr et al. 2019; Sterchele
et al. 2020) or regional level (Steinbach and Deurer 2021) and
are, with one exception (Purr et al. 2019), limited to GHG emis-
sions and energy demand. Currently, there is no scenario that fo-
cuses on the building and construction sector and examines other
impact categories besides GHG emissions at the European level.

https://doi.org/10.14512/tatup.31.2.32

Method
To quantify these potentials, a modelling approach based on the
European Calculator and the corresponding web interface Transi-
tion Pathways Explorer is used (hereafter referred to as EUCalc).
It aims to bridge the gap between conventional, complex, “inte-
grated climate-energy-economy models and the practical needs
of decision-makers” (Strapasson et al. 2020, p.5). The geograph-
ical scope of EUCalc is EU27, including the UK and Switzerland.
The model consists of 15 interdependent modules that represent
the supply and demand side in all sectors. Users can choose be-
tween four ambition levels in different individual levers, which
are divided into superordinate lever groups and topics, and thus
create scenarios for which the tool models the European-wide
impacts in all sectors up to the year 2050 (Climate Media Factory
UG n.d.; Pestiaux et al. 2019; PIK n.d.; Strapasson et al. 2020).
In this paper, the term building sector refers to all levers that
have an influence on the life cycle of buildings of any type of
use (residential and non-residential), including its household
appliances. Key behaviors include all levers of the lever group
homes as well as household appliance-related levers from the
lever group of consumption. The entire lever group buildings
was selected from the fechnology and fuels topic. In the lever
group manufacturing, all levers except carbon capture technol-
ogies were also included because they influence the production
of building materials and thus the environmental impacts along
the life cycle of buildings. Since there is a direct link to build-
ings through the local production of renewable energies on roofs
and facades, the lever solar energy was also examined from the
lever group power (Climate Media Factory UG n.d.; PIK n.d.).
It should be noted that the levers in manufacturing and power
also have an impact outside of the building sector. One exam-
ple is that through more renewable energies in the electricity
mix the mobility sector is also decarbonized via electromobil-
ity. This circumstance cannot be avoided entirely with the EU-
Calc and must be taken into account when interpreting the re-
sults. Despite this disadvantage, EUCalc was selected because,
on the one hand, it allows several impact categories to be cal-
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Name Lever Lever group Past trends values!  Scenario values? Explanation
S_Appl_ Appliances owned Homes Number of appliances per household in 2050:
own 1 0.8 + Washing machines
0.7 0.5 - Dishwashers
0.45 0.4 - Dryers
11 1 - Fridges
0.8 0.5 - Freezers
14 11 - TVs
25 13 - Computers
15 1 - Phones (per person)
S_Appl_use | Appliance use Homes Daily use of appliances per household in hours
in 2050:
0.45 03 - Washing machine
1 0.7 - Dishwasher
0.45 0.3 - Dryer
24 2 - Fridge
24 24 « Freezer
2 1 - TV
43 1 - Computer
2 24 - Phone (per person)
S_Appl_rt Appliance retirement ti- Consumption Replacement factor in % of product lifetime in 2050:
ming 96 % 110% - Washing machine
93% 110 % - Dishwasher
93% 110 % + Dryer
96% 110% - Fridge
96 % 110% - Freezer
83% 130 % - TV
90 % 130 % - Computer
90 % 130 % - Phone (per person)
S_Cool Percentage of cooled Homes 21.8% 10.6% Residential living space is cooled in 2050
living space
S_Comf Space cooling & heating Homes 18°C 20°C Cooling comfort temperature
S_m2 Living space per person Homes 55 m2/cap 37 m?/cap Living space per person in 2050
E_Appl Appliance efficiency Buildings B E Appliances with A++*+ EU energy label in 2021
will be rated in 2050 as ...
E_BE Building envelope Buildings 1% 3% Renovation rate
80/15/5% 0/30/70% Share of new constructions and renovations
with lowest/medium/highest level of efficiency
(-30/40/60 % useful energy demand compared to
average building stock)
E_DH District heating share Buildings 8.4% 16.5% District heating share in 2050
E_Ene Energy efficiency Manufacturing | 3-8% 10-24% Range of increased energy efficiency across sectors
E_HC Heating and cooling Buildings 3%/5% 18%/31% Efficiency increases for heating systems:
efficiency fossil/biomass
E_Mat Material efficiency Manufacturing | 2-8% 10-33% Improvement rate ranges depending on the product
and material
E_Tec Technology efficiency Manufacturing | No major shifts Heavily electrified | Electrification of iron and steel process
Upto20% Use of geopolymers in cement production
24% Average share of secondary production routes
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Name Lever Lever group Past trends values!  Scenario values? Explanation

C_Fuel Fuel mix Manufacturing | No major shifts Full potential Electrification of heat, use of zero-carbon hydrogen,
is exploited and a switch to sustainable biomass

C_Mat Material switch Manufacturing | No major shifts approximately Substitution of carbon-intensive materials
30% with lightweight materials

C_TFS Technology and fuel share | Manufacturing | No major shifts Almost complete Fossil fuel phase-out for all fuels across Europe

C_Solar Solar Power 200 700 Gigawatt Photovoltaic and Concentrating Solar

Power in 2050
1 Equals the lowest ambition level (1) in EUCalc.
2 Equals the highest ambition level (4) in EUCalc.

Tab.1: Analyzed individual measure scenarios.

culated with the same tool and thus the same framework con-
ditions. On the other hand, behavioral changes and thus central
sufficiency measures can be taken into account very well and in-
dependently through exogenous lever inputs (Costa et al. 2021).

The calculations for this paper were performed in the period
April-November 2021, and results are consequently based on
the EUCalc version of this period.

Scenarios

The starting point for the definition of my measures and scenar-
ios is the past trends scenario stored in EUCalc' (Climate Me-
dia Factory UG n.d.). In this basic scenario, past trends in the
EU are largely projected into the future. It was chosen as a start-
ing point because it allows for a comparatively undisturbed view
of the individual measures. If other baseline scenarios had been
used, there would have already been assumptions in the building
and other sectors, which is why the calculated savings potentials
would have to be interpreted against this background. With the
past trends as a baseline, on the other hand, it is easier to calcu-
late (theoretical) maximum savings. This makes a simpler com-
parison between the three sustainability strategies possible. One
disadvantage is that current (political) developments are not suf-
ficiently taken into account. However, since the goal is not to de-
velop a comprehensive and realistic emission reduction pathway,
the chosen approach is adequate.

The past trends pathway forms the basis for the creation of
the individual measure scenarios listed in Table 1, with each
being assigned to one of the three sustainability strategies. The
boundary conditions and settings on resources and land use as
well as all other measures — not relevant for this study (e.g., in
the lever groups travel, transport, and food) — were not varied.

An overview of the 17 single measures investigated is given
in Table 1. The classification regarding efficiency (E), consist-
ency (C), and sufficiency (S) was made independently.

1 The full scenario explanations can be accessed via the EUCalc Transition Path-
ways Explorer.
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Source: author’s own compilation based on data from Climate Media Factory UG (n.d.) and PIK (n.d.)

The individual measure scenarios were summarized for each
of the three sustainability strategies (S_Sum, E_Sum, C_Sum).
There are also combination pathways that combine the two tech-
nical approaches (EC_Sum) and all three — representing the best
case (ECS_Sum).

Impact categories

The following impact categories were analyzed to compare the
environmental performances of the scenarios and pathways.
They all refer to the period from 2020 to 2050 and include all
sectors, not only buildings, to assess the impact on and rele-
vance to society and the economy as a whole. “Intra and ex-
tra EU27+2 trade dynamics” (Costa et al. 2021, p. 3), as well as
trade with the rest of the world, is also taken into account via
EUCalc (Clora and Yu 2020; Price et al. 2019).

e GHG emissions: Following the GHG budget approach
(WBGU 2009), the sum of all GHG emissions in all sectors
from 2020 up until 2050 is calculated in gigatons [Gt]. As the
EUCalc model only provides values in five-year steps, linear
interpolation was performed to calculate the total emissions.

e Energy demand: The final energy demand across all sectors
in 2050 in TWh/a was calculated and compared.

e Non-renewable resource demand: 1s defined as the sum of
sand demand for cement and glass production plus iron de-
mand for steel production that is used in buildings, infrastruc-
ture, and household appliances. It is calculated as the sum
from 2020 to 2050 megatons [Mt].

e Renewable resource demand: Summarizes wood demand as
building material and for bioenergy. Interpolation and sum-
mation are analogous to GHG emissions. The unit is mega-
tons [Mt].

Results

The results of the calculations are compared below, sorted by the
various impact categories. The achievable savings in brackets are
a comparison with the past scenario. The results in each case
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tions are achieved in C_TFS (-17 %) and
E_BE (-14%). Some measures also lead
to higher emissions than the past scenario.
One example is E_DH. Due to the individ-
ual adjustments of the individual meas-
ures, in this case the sole conversion to
district heating without a simultaneous
switch to renewable energies (C_TSF)
does not lead to savings. In sum, all the
sufficiency measures combined lead to
a 16 % reduction of the GHG emissions
and are thus clearly behind those of effi-
ciency (=31 %) and consistency (=22 %).
The sum of all measures examined leads
to a reduction in total GHG emissions of
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Fig.1:

Sum of European greenhouse gas emissions in all sectors from 2020 to 2050 by scenario.
Source: author’s own compilation based on EUCalc results

Fig. 2 shows that the only sufficiency sce-
nario reaching noticeable energy savings
is S_m2 (-7%). E_BE saves the highest
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it is primarily the efficiency measures
that achieve savings. Consistency meas-
ures, except for C_Mat (-1%), do not
achieve any savings, but even lead to ad-
ditional demands (C_TFS: +1 %). That is
also the case for the summarizing consist-
ency pathway (C_Sum: +1%). The suffi-
ciency measures can save 9%, the effi-
ciency measures 28 %, and the summa-
rizing pathway 32 % in energy demand.
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are shown in Fig.3 — S_m?2 achieves the

K

%

Q &
%Y*Q ‘v/ @3’ ‘o/ </ ((\/

[N
&/

@”’ «@ & @Q‘ Ky &

highest reduction from the sufficiency
scenarios (-9 %) while the others can
be neglected. In sum, all the sufficiency

[

Fig.2: Effective energy demand in 2050 by scenario.

Source: author’s own compilation based on EUCalc results

represent totals across all sectors. It needs to be mentioned again
that due to the definition of the scope of this study, the efficiency
and consistency scenarios related to the lever groups manufac-
turing and power also have impacts on other sectors than build-
ings and therefore have higher reduction potentials. This must
be taken into account when interpreting the results.

GHG emissions

As can be seen in Fig. 1, the two most effective sufficiency meas-
ures are S_m2 (-10%) and S_cool (=7 %), which are both be-
low the top five of the individual measures. The highest reduc-
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measures lead to savings of 10 % (S_Sum).
The highest overall savings are reached
with Emit (-10%). But in the efficiency
sum scenario, this is compensated by E

BE, which increases the non-renewable resource demand through
the high number of new constructions (+13 %). Therefore, the
E_Sum pathway leads to higher consumption (+2 %). From the
consistency measures, only C_Mat shows a significant reduction
potential (-3 %), which is the same result as for C_Sum.

Renewable resource demand

The only sufficiency measure achieving reductions here (Fig. 4)
is S_m?2. With 61 % savings, it is by far the most effective sce-
nario of all. Most of the other measures — especially efficiency
and consistency — only reduce the wood demand by about 1 %.
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In contrast, E_BE and C_Mat lead to an
increase in renewable resource demand by
9% and 43 %, respectively. The reason for
this increase is the huge amount of dem-
olition and new construction (E_BE) as
well as the ambitious switch from building
materials like concrete to wood (C_Mat).
It is the same for the sum scenarios. Even
here, S_m?2 is more successful in reducing
the demand than the maximum pathways
ECS_Sum (-16%). In this impact cate-
gory it can also be seen that the combina-
tion of the two technological sustainabil-
ity strategies has a positive interaction as
the difference between EC_sum_Past and
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Comparison with other basic sce-
narios
The previous results all refer to the past

Fig.3: Sum of European non-renewable resource demand in all sectors from 2020 to 2050 by scenario.

Source: author’s own compilation based on EUCalc results

trends scenario as the basis. Table 2
shows the reduction potentials of the sum
pathways compared to other basic scenar-
ios from EUCalc. Detailed descriptions
of those basic scenarios can be found in
the EUCalc documentation (Climate Me-
dia Factory UG n.d.; PIK n.d.).
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EU reference (EU_ref) is based on
a modelling of a European reference
scenario commissioned by the EU
Commission, which meets the GHG
and renewable targets for 2020 and
implements other agreed climate pro-
tection measures (Capros et al. 2016).
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ropean strategic long-term vision for a
prosperous, modern, competitive and
climate-neutral economy’ (European
Commission 2018).

e Ambitious: Here, an unprecedented transformation is as-
sumed. Very ambitious efforts are made to reduce emissions,
both in terms of behavioral changes and technology.

Conclusion

The results show significant savings through sufficiency across
all impact categories. It achieves the highest savings in renewa-
ble and non-renewable demand where the technological strate-
gies can lead to overconsumption, even though savings from ef-
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Fig.4: Sum of European renewable resource demand in all sectors from 2020 to 2050 by scenario.

Source: author's own compilation based on EUCalc results

ficiency and consistency tend to be overestimated due to the se-
lected method. For greenhouse gas emissions, on the other hand,
efficiency and consistency are ahead of sufficiency. In terms of
energy consumption, efficiency achieves the greatest savings,
followed by sufficiency, while consistency results in increased
demand. The most effective sufficiency measure in all impact
categories is the reduction of living space per capita. The most
effective efficiency and consistency measures vary between
the impact categories. A combination of all three sustainability
strategies shows the highest savings across all impact categories
examined, with the exception of renewable resource demand.
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Scenario GHG emissions Effective energy demand Non-renewable resource demand Renewable resource demand
S_Sum -10% -9% -10% -61%
E_Sum -32% -28% 2% +1%
C_Sum -22% +1% -3% +48 %
EC_Sum -43% -28% 3% +64 %
ECS_Sum =47 % -32% -10% -16 %
EU_ref -20% -18% 4% +39%
LTS_base -41% -26% -4% +9%
Ambitious -91% -69% -31% +2%

Tab.2: Comparison of sum pathways with different basic scenarios. Numerical values given refer to percentage reductions compared to the past trends scenario.

Given its significant savings potentials, sufficiency measures
must be increasingly considered in further European modelling
to make the results more reliable. Sufficiency also needs to be
addressed with policy instruments so that the theoretical savings
can actually be realized. Special attention or additional studies
should be devoted to rebound effects, which have not been in-
vestigated in this work. Additionally, it is particularly important
to consider equity and justice aspects in order to ensure the ac-
ceptance of necessary (major) behavioral changes.

Funding - This work received no external funding.
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Impact chains of energy sufficiency
policies: A proposal for visualization
and possibilities for integration
Into energy modeling

Carina Zell-Ziegler*' ®, Johannes Thema? ®

Abstract - Impact chains are used in many different fields of research
to depict the various impacts of an activity and to visualize the system
in which this activity is embedded. Research has not yet conceptualized
impact chains specifically for energy sufficiency policies. We develop
such a concept based on current evaluation approaches and extend
these by adding qualitative elements such as success factors and bar-
riers. Furthermore, we offer two case studies in which we test this con-
cept with the responsible climate action managers. We also describe
options for integrating these impact chains into different types of en-
ergy models, which are key tools in policy consulting.

Wirkketten von Energie-Suffizienzpolitiken:
Ein Vorschlag zur Visualisierung und Moglichkeiten der Integration
in die Energiemodellierung

Zusammenfassung = Wirkketten werden in vielen verschiedenen For-
schungsfeldern angewandt, um die Effekte einer ARtivitat aufzuzeigen
und das System zu visualisieren, in das die ARtivitat eingebunden ist. Ein
spezielles Konzept fur Wirkketten von Energie-Suffizienzpolitiken fehlt
bislang. Wir entwickeln ein solches basierend auf aktuellen Evaluie-
rungsansatzen, erweitert durch qualitative Elemente wie Erfolgsfakto-
ren und Barrieren und wenden es in zwei Fallbeispielen zusammen mit
den verantwortlichen Klimaschutzmanager*innen an. Zudem beschrei-
ben wir Optionen, wie diese Wirkketten in verschiedene existierende

* Corresponding author: c.zell-ziegler@oeko.de
1 Oeko-Institut e. V., Berlin, DE
2 Wuppertal Institut fur Klima, Umwelt, Energie GmbH, Wuppertal, DE

© 2022 by the authors; licensee oekom. This Open Access article is licensed
o under a Creative Commons Attribution 4.0 International License (CC BY).

https://doi.org/1014512 /tatup.311.15

Received: Feb.22, 2021; revised version accepted: May 03, 2022;

published online: Jul.18, 2022 (peer review)

TATuP - Zeitschrift fiir Technikfolgenabschétzung in Theorie und Praxis (2022) 31/2: 39-47

Energiemodelle integriert werden konnen, die Schlusselelemente der
Politikberatung sind.

Keywords - energy sufficiency, sufficiency policy, impact chains,
impact assessment, energy modeling
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Introduction

Despite the huge potential of energy sufficiency policies and the
fact that they are needed in order to meet the climate and sus-
tainability targets (IPCC 2022; Faber 2012; Samadi et al. 2017),
they are seldom considered as options for climate protection.
They do not play a substantial role in the plans of European Un-
ion Member States to fulfil their mid- and long-term climate tar-
gets (Zell-Ziegler et al. 2021) and hardly feature in non-official
scenarios for decarbonization on a global or country level (Sam-
adi et al. 2017; Zell-Ziegler and Forster 2018; Wiese et al. 2022).

One reason for this is the lack of existing impact quantifica-
tions for these policies. However, the science base is broaden-
ing (e.g. Creutzig et al. 2021; Vita et al. 2019; Akenji et al. 2019;
Fischer et al. 2020). An important obstacle is the frequently per-
ceived complexity of sufficiency (Zell-Ziegler and Forster 2018),
especially in relation to technical emission abatement options
like efficiency and renewable energy policies. Sufficiency poli-
cies often concern more general questions of sustainable devel-
opment and commonly entail socio-economic aspects outside
the techno-economic realm of most existing models (Fuchs et al.
2021; Darby and Fawcett 2018; O’Neill et al. 2018).
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Impact chains in theory and practice

Impact chains are a means to structure and illustrate the stepwise
logic for an action from cause to impact (Gross 2018). This ap-
proach enables the different effects and impacts to be traced, es-
pecially in complex systems. A concept for impact chains that
is geared to (energy) sufficiency policies has not yet been de-
veloped.

In this paper, we develop such a concept and propose the el-
ements which such impact chains should encompass, e.g., the
manifold effects which (energy) sufficiency policies have and
the requirements for and the barriers to unfold their potential.
In addition, we propose a visualization of these impact chains,
as this increases transparency and helps to improve the under-
standing of energy sufficiency policies. With two climate action
managers, we evaluate the impact chain using sufficiency poli-
cies which they recently implemented.

In a further step, we explore ways in which and to what ex-
tent energy sufficiency impact chains can be integrated into en-
ergy models and what alternatives there are for integrating im-
portant aspects of the impact chain into models. This is impor-
tant because models are key tools for policy consulting. Only if
sufficiency policies can be quantified like efficiency and con-
sistency policies will they have a chance to play a similar role
in policy design.

Definitions and methods
‘We define the relevant terms for this research as follows:

e “Sufficiency policies are a set of measures and daily practices
that avoid demand for energy, materials, land and water while
delivering human wellbeing for all within planetary bound-
aries” (IPCC 2022, p. 41, emphasis by the authors). In this
paper, we focus on energy sufficiency; we sometimes use the
more abbreviated term “sufficiency” in the text.

e Causal/Impact chains are “[s]equentially linked mechanisms
and their enabling background conditions.” (Gross 2018, p. 1)

e “A policy instrument is a governmental interference with the
aim to realize interventions which promote the implementa-
tion of measures.” (translated from Fischer et al. 2016, p. 76,
emphasis by the authors)

Impact chains are widely used in policy evaluation and (mod-
el-based) impact assessments of policies which take a variety
of approaches: qualitative theory-based evaluations and quanti-
tative accompanying or ex-post evaluations/impact assessments
(Schlomann et al. 2020; OECD 2009; DeGEval 2016). The aim
in using impact chains is to attribute effects such as behavioral
change and greenhouse gas (GHG) emission reductions to an
activity, e.g., a funding program or an information campaign. We
take the standard concept as described in IMWG (2014) and fur-
ther develop it to a conceptual model for energy sufficiency im-
pact chains by extending and revising the elements. Therefore,
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we compile the requirements and translate them into the impact
chain logic. The resulting model is described and visualized in
the results chapter below.

We assessed the chain model for workability and we selected
two recently implemented energy sufficiency policies at the lo-
cal level in Germany within the mobility sector, which use dif-
ferent types of policy instruments: the ban of short-haul flights
at the Eberswalde University for Sustainable Development and
a pedelec rental service in the Liichow-Dannenberg district in
Lower Saxony. Next, we applied four steps in setting up the im-
pact chains: 1) We developed a first draft based on public and
internal material for Liichow-Dannenberg and a preliminary talk
with the sustainability manager for Eberswalde. 2) We inter-
viewed each climate action manager for about 30-60 minutes;
the interviews were semi-structured according to the elements of
the impact chains. The climate action managers seemed suitable
as interview partners because they planned and implemented the
policies and thus have an interest in its success and know barri-
ers from their own experience. The aim of these interviews was
to revise or verify the impact chain drafts. 3) We consolidated
the impact chains and 4) the final draft was sent to the climate
action managers for approval. The visualized impact chains for
the case studies can be found in the results chapter.

On a general level, we took into account conditions and op-
tions for ways in which impact chains may be integrated into
different model types. To this end, we screened an exemplary
list of energy modelling approaches from energy supply and
demand models, reviewed model documentation and discussed
with model developers specific modelling logic and potential
model developments to integrate impact chains. These docu-
ments and discussions gave insights into the circumstances un-
der which impact chains can potentially be implemented endog-
enously in models or have to be quantified exogenously. From
these, we derived four possible quantification cases.

Results

Developing a conceptual model for impact chains

for energy sufficiency policy

The basis for developing a concept for an impact chain geared
to energy sufficiency is the widely used impact chain described
in, for example, IMWG (2014): Input — Activity — Output — Out-
come — Impact. We have amended this as follows:

As our focus is on policy impact, it seems important to em-
phasize this in the impact chain. We have thus split the “input”
into an input in the narrow sense as the project-specific means to
reach the intended effect (e.g. staff and financial resources; this
effect can be relevant at different stages of the impact chain) and
a stimulus which triggers the activity and starts the impact chain
as PIK (2014) proposes. The stimulus can be external or inter-
nal, e.g., a regulation, subsidies or investment in infrastructure
(fiscal instruments), taxes or market reform (economic instru-
ments according to UNFCCC (2000)) or an organization’s sus-
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Framework conditions (Successfactors, Barriers, Risks):
All relevant factors, attributed by font colour to the categories success factors, barriers and risks.
Potentially relevant at different stages of the impact chain

' |
—

triggers activity, either
external factor (policy
instrument) or internal factor

All relevant, mainly project-internal means to reach intended effect.
Examples: staff and financial or material inputs or administrative requirements
Potentially relevant at different stages of the impact chain.

Successfactors Successfactors Successfactors Successfactors
Barriers Barriers Barriers Barriers
Risks Risks Risks Risks

| |
==

all people significantly affected by the activity or who play a major role for it

Impact
Direct and indirect effects,
e.g. on energy use, emissions,
the economy or society

Actors, affected people

Fig.1: Conceptual model of impact chains for energy sufficiency policies. Explicit qualitative aspects are visualized without a box so as to differentiate these

from aspects where quantifications can potentially be added.

tainability target. Within this conceptual approach, sufficiency
is not the intrinsically motivated individual action, but rather the
activity change that result from a stimulus. Sufficiency is thus
a genuine field for policy design like efficiency and renewable
energy policy (Schneidewind and Zahrnt 2013).

Energy sufficiency policies often have an overarching na-
ture (Sandberg 2021; Creutzig et al. 2022; O’Neill et al. 2018).
It seems helpful for the comprehension and replicability of the
policies, therefore, to add qualitative aspects to the different el-
ements of the impact chain. As risk assessment is often associ-
ated with impact chains (Aall and Korsbrekke 2020; PIK 2014),
risks that accompany the policy are added. Other additions with
regard to the framework conditions of the policy are success fac-
tors and barriers as these are often mentioned in sufficiency lit-
erature as important factors (e.g. Toulouse et al. 2017; Stengel
2011). Contrary to risks, barriers can lower the effectiveness of
the policy but will not lead to its failure.

Furthermore, we have added a box for actors/affected peo-
ple with the field of policy design in mind. “Actors” can show
who should be involved when designing the policy and “affected
people” can give hints on the need for a socially aware policy
design (Cludius et al. 2022). If, for example, negative impacts
on social groups occur, these would be included as a box in the
(blue) impact category.

These elements added to the “classical” impact chain are not
specific to energy sufficiency policies but seem especially im-
portant for comprehension, replicability and transparency of
these policies so that they can better enter the political arena
(Zell-Ziegler and Forster 2018). The method is able to include
quantifications (elements in Fig. 1 with a box) so that impact
chains can be coupled with or inserted into energy models and
the impacts can be compared to efficiency and renewable energy
policies. Arguments based on quantified effects seem to be cru-
cial to take energy sufficiency into account in the design of po-
litical mitigation efforts.
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Our concept is visualized with an explanation of the elements
in Fig. 1.

Test of the conceptual model in two case studies

To test our model, we applied it to two case studies in which en-
ergy sufficiency projects were recently implemented. The first
case study is the ban of short-haul flights for the staff of the
Eberswalde University for Sustainable Development imposed
in 2019 by the executive committee of the university. For all
destinations which can be reached by train within ten hours, air
travel is banned (with exemptions), concerning especially flights
to Brussels. Due to the COVID-19 pandemic, the effects of the
ban are difficult to assess because virtual meetings effectively
replaced all business trips and will be an attractive option in the
future. The impact chain is visualized in Fig. 2.

Implementing this case study in the impact chain was rela-
tively straight-forward. Two main threads could be found: the
policy will either lead to a substitution of flights with rail trips
or will replace the flights by virtual meetings. One difficulty
was the formulation of the output, as the instrument type reg-
ulation means that no products or services are developed and
the implementing body and the target group are almost identi-
cal. The main risk lies within the acceptability of the policy by
staff, which could lead to arbitrary use of exemption requests.

The second case study is part of the promotion of sustain-
able mobility in the municipality of Liichow-Dannenberg: the
pedelec rental system. It was free-of-charge when it started
in 2019; now, the three pedelecs and one e-cargo-bike can be
rented for a small charge. The system was extremely well used
from the start. A project-specific survey revealed that in more
than 50 % of the cases, trips by car could be replaced. The im-
pact chain is visualized in Fig. 3.

Implementing this case study in the impact chain was also
straight-forward. It can be seen that a lot of input from the pro-
ject side was and is necessary and that a barrier for the policy
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Framework conditions
(Successfactors, Barriers, Risks)

meetings
#unter1000 campaign of
ScientistsForFuture
researchers & institutions
resignto short-haul flights

Strong admin. motivation & support:

« Sustainabilitymanagement
(established structures)

- administrationincl. president

« climate neutrality goal, university
as a sustainability pioneer

Activity Output

Ban of short-haul
flights for university
members
(destinations within
10h rail distance)

Press information

Changesto business
trip application form
Definition of exemption

hardshipcases

Changesto mobile
working regulation
(travel time can be
working time

Covid-19 pandemic impact:
- travel banin 2020/2021
« long-term shift to more virtual

« purchase of online meeting software

Potential risks: scientific productivity of
researchers (meetings/conferences, talks) —
exemption rules for well-reasoned flights

Acceptability by staff

especially researchers (meetings, conferences, talks, research field trips)

Outcome

Impact
— Costincreases
(rail and hotel)

Reduction of climate
impacts (emissions
aerosols)

[ | Reduction of air and
— noise pollution
Positive internal/
external spillover effects

Costsavings

—

Actors, affected people:
All university staff goingon businesstrips,

— |

Time saving

—

Fig.2: Impact chain for the ban of short haul flights at the Eberswalde University for Sustainable Development.

or an expansion of the rental service is that it is very work-in-
tensive. By using the mobility data and the survey results, even
quantitative results can be generated for the GHG emission re-
duction of the first project phase.

Implementing impact chains in models

For planned or potential energy sufficiency policies, ex-post
evaluations are not available. To assess their potential impacts,
the inclusion of impact chains in existing energy models can
make a valuable contribution to broadening the scope of ex-ante
impact assessments. However, most existing models are not cur-
rently able to represent energy sufficiency endogenously due to
the modelling approach and logic.

Whether and to what extent such impact chains can be en-
dogenously modelled within an existing model depends on the
policy-specific impact chain, its impact mid- and endpoints and
its match with the logic of the target model. Impact chains can

a) be fully covered endogenously within a model, as the logic
fits well. This would be beneficial as any modelled changes
enter the entire modelling parameters.

b) be partly covered. Those parts that cannot be covered by the
model logic need to be quantified exogenously and fed to the
model for parts of the impact chain quantifications. This is
the case if a model has a different scope (e.g. technical fea-
tures and key determinants of the building stock) than the im-
pact chain (e.g. focusing on skilled labor shortage and train-
ing programs).
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c) not be covered by a model. They need full external quan-
tification with outputs/outcomes being fed as inputs to the
model. This is the case if a model does not cover any part of
the impact chain, but outputs (e.g. in terms of energy con-
sumption) can be fed as inputs into the model for final im-
pact quantifications (e.g. GHG emissions).

d) not fit at all with a model logic. In this case, the impact chain
needs full external quantification.

Fig. 4 visualizes these different cases. Impact chains for energy
sufficiency policies as developed above focus on the energy de-
mand side with policies and other input factors that influence
activities, ultimately leading to impact endpoints. The likelihood
that a model covers the logic of a given sufficiency impact chain
is thus higher for a respective sectoral demand model.

Impact chain Impact chain
Model Model
a) b)
Impact chain
Model Model
Impact chain
<) d)

Fig.4: Different options for implementing impact chains in energy models.
Source: authors” own compilation
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Framework conditions
(Success factors, Barriers, Risks)

Existing institutions

climate protection management,
mobility agency

Existing mobility services
(car-sharing, senior citizen shuttles)
Initial financing

national climate initiative (NKI)

and EU funds

Follow-up financing

district and municipalities L

Available headquarter site
Location at central bus hub

User survey

b Available platform
existing car-sharing platform

v
Output

A
‘ Activity

Establishment of
climate-friendly
mobility services

© peddecsandsetup

A

District citizens, tal
Research and
preparation of sites
Development of rental
system

Development
terms of use

Pedelec procurement

Garage boxes:
procurement & set-up

Publicity: newspaper
article, word of mouth
Cost coverage for staff,
maintenance, repair,
assurance

a Improvement

L Work-intensive
Pickup and return

e-up especially by families, senior citizens (age 60+), commuters

Maintenance & repair
by bicycle retailers

Citizen/user participation
Video-challenge

Impact

GHG emission reduction

Reduction of air and
noise pollution

Promotion of physical
health

Visibility of fun climate
protection measures

Not useful for distances
>15 km (survey result)
More time-consuming than
car use

v
Outcome

—

Sensibilisation for
sustainable mobility
(users and peers),
acquisition of private
pedelecs, use of car-
sharing, implementation

Actors, affected people:

of other measures

Fig.3: Impact chain for the pedelec rental service in Liichow-Dannenberg.

Since energy sufficiency policy is not currently a well-re-
searched field despite widespread recognition of its necessity,
only limited experience has been gathered with modelling. Mov-
ing from a situation like d) or ¢) to b) or a) would be conducive
to the ex-ante assessment of energy sufficiency policy. In the fol-
lowing, we briefly discuss some typical models and current ways
of depicting energy sufficiency policy impact chains.

For the supply side (often called energy system) models, typ-
ical approaches are optimization (cost-minimization algorithms)
and equilibrium models. The task of these models is to find
least-cost or economic equilibrium energy systems, in most
cases covering electricity and centralized heat generation facili-
ties and deployment, within given boundary conditions such as
GHG emission caps, carbon prices, capacity expansion limits
etc. (for a non-exhaustive overview of 75 models see Ringkjgb
et al. (2018)). By definition, these models cover the supply side
and, in most cases, do not encompass the major part of energy
sufficiency impact chains, but take energy consumption, for ex-
ample, as the input (case c).

Demand-side models typically cover one sector in high detail.
They apply various approaches such as stock simulation, (e.g.,
cost) optimization, discrete choice modelling or agent-based mi-
cro-simulation. There is a multitude of sector models with dif-
ferent methodologies, which we cannot discuss in detail here.
Rather, we have drawn conclusions from a review of several im-
portant building sector and transport models.

We reviewed building sector models from ifeu (2022),
Soukup et al. (2012), Cordroch et al. (2021), Prognos (2022),
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FIW and ITG (2021) and Oko-Institut (2022), see appendix 1.
These represent the building stock in a detailed technical resolu-
tion with building age, energetic standards and heating technol-
ogies and its development over time depending on key input pa-
rameters such as renovation, decommission and new build rates,
heating technology deployment rates, or per-capita living spaces.
For energy sufficiency policies that directly concern the build-
ing stock (e.g. limitation of living space), these models can al-
ready endogenously represent (parts of) the impact chains (case
a/b). If, however, policies target changes in the decision-making
of individuals (behavior or investments) by means of, for exam-
ple, tax incentives or subsidies, it is not included in the model
realm and needs separate quantification (case c) or substantial
model development (case b).

For transport, the methodological landscape is more diverse,
see appendix 2. Simulation models like TREMOD (ifeu 2020, or
DEMO (Winkler and Mocanu 2020) can (like the building stock
models) endogenously implement policy impact chains (case a)
concerning the regulation of the rolling stock (e.g. emission/
consumption standards, technological phase-outs or mandatory
phase-ins). With approaches that model transport onto the ex-
isting/future transport network infrastructures (as DEMO, Quet-
zal_Germany (Arnz 2022), or MATSIM (Horni et al. 2021)),
policies that directly alter the transport network can be mod-
elled (e.g. build-up of new rail connections, car-free zones, lim-
itation of air connections). As these model choices also base on
costs and time, monetary instruments that affect costs for spe-
cific trips (fuel taxes, road tolls) or such that affect travel time
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(rail connection speed, speed limits) can be modelled. Agent-
based models like MATSIM or partially TEMPS (Repenning
et al. 2021) offer the best possibility for including impact chains
related to individual transport decisions. Whether a specific pol-
icy can be endogenously modelled depends on the specific im-
pact chain and its match with the specific modelling framework
under consideration.

Where endogenous modelling is not possible, but the policy
impact shall be modelled, exogenous quantifications (case b, c)
or model development is necessary.

Impact chain examples in models

We briefly sketch the possible inclusion of the two above-men-
tioned impact chains in a model. As explained above, this has to
be done with respect to a specific model at hand. We use Quet-
zal_Germany as an exemplary open-source transport model for
Germany (a model outline is provided in Arnz 2022). The model
currently includes a mode choice model for car and public trans-
port modes that models given trips on certain connections (seg-
mented by trip purposes) onto the existing German transport
infrastructure. The first case of a short-haul flight ban can be
included according to its two split impacts. On the one hand,
short-haul flight connections can be simply removed from the
transport network (if entirely banned). On the other hand, the
number of business flight trip reductions (due to virtual meet-
ings) needs to be exogenously quantified. A problematic restric-
tion is the geographic scope: Quetzal_Germany only represents
domestic transport; international flights cannot be covered. It is
not currently possible to represent the second case (substitution
of car trips by pedelecs) in Quetzal_Germany as local mobility
is not explicitly modelled and bicycles/pedelecs are not repre-
sented as separate mode. If the exogenous impact chain quan-
tification yields a reduction in the number of local trips, it can,
however, be included in the underlying input data to reduce total
trips. Further model development (i.e. coverage of international
flights, explicit modelling of local transport, bicycle/pedelec as
mode) would be required in order to explicitly model impact
chains within the Quetzal_Germany model.

Discussion

The development and visualization of impact chains increase
transparency and comprehension with regard to the ways in
which energy sufficiency policies work and their effects, the
conditions for unfolding their potential and the associated so-
cietal effects. The impact chains are useful for replicating pro-
jects and for sensitizing policy makers or administrations to the
difficulties and uncertainties (barriers, risks) before designing
new policies, or to improve planned or implemented policies. It
thus raises the attractiveness for energy sufficiency to become
a political option.

We are not aware of a comparable proposal for impact chains
of energy sufficiency policies. Our results therefore present a
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value added to the discussion of impacts, success factors and
barriers to energy sufficiency policies. It was possible to ap-
ply the concept in two case studies, which shows the effects and
impacts of two different policy instruments within the mobility
sector. The sample size, however, is too small to draw conclu-
sions on general patterns of different policy instruments at this
time. The method used to test our concept only incorporates
one perspective from the planning and implementation side per
policy. This approach seems to be appropriate for the purpose
of initial testing.

Concerning the modelling of energy sufficiency policies,
a first result is that existing sectoral demand-side models can
already depict some policy impact chains, but depending on
the specific chains and models, the development of exogenous
chain quantifications and/or further model developments are
needed. For their inclusion in energy supply/system models
beyond exogenous assumptions, supply models need to be cou-
pled to adequate demand-side models that can explicitly rep-
resent policy impacts and feed them as inputs into the system
models.

Conclusion and outlook

We plan to apply our concept to a range of energy sufficiency
policies. We will start with those included in the recently devel-
oped “Energy Sufficiency Policy Database” (Best et al. 2022).
We are particularly interested in the comparison of the impact
chains for different policy instruments (stimuli) that target the
same outcome. Additionally, we plan to discuss as many of the
impact chains with stakeholders as possible in order to integrate
a broad range of perspectives, especially for the framework con-
ditions and multiple impacts. For the validation of impact chains,
the development of outcome/impact indicators is also very use-
ful (Wolff et al. 2019).

The assessment of more general energy sufficiency policies
on a level higher than the local one will add impacts such as
those on GDP and employment to the impact chain. Due to the
development with the two climate action managers, there are
few uncertainties, and we are confident that we have included
the most relevant success factors, barriers, and risks. For the de-
velopment of more abstract and higher-level impact chains and
for those that have not (yet) been discussed with stakeholders,
it seems necessary to include uncertainties, e.g., with dashed
arrows. Further conceptual and visual development is needed
to outline which success factors, barriers or risks of an impact
chain are the most important and have the greatest potential to
lead to success or failure of the policy.

Once impact chains for the policies in the database of Best
et al. (2022) are developed, we plan to test their integration in
existing models and add quantifications. The goal is to model
them entirely endogenously. Where this proves impossible due
to model limitations, we plan to develop exogenous pre-calcula-
tions for feeding impact mid-points to models.
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Co-Benefits als Katalysatoren
fur Suffizienzpolitik:
Wie BUrger*innen in Beteiligungs-
verfahren Suffizienz begrunden

Jonas Lage*' ®, Marie Graef?

Zusammenfassung < Der Artikel untersucht, welche suffizienzorien-
tierten MaBnahmen sich Birger*innen im Rahmen partizipativer Pro-
zesse auf kommunaler Ebene wiinschen und wie sie diese begriinden.
Neben der okologischen Wirkung werden zahlreiche Co-Benefits in den
Bereichen Gesundheit, Gemeinschaft und Teilhabe sowie Wirtschaft-
lichkeit identifiziert. Aufgrund dieser Begriindungszusammenhange
wurden auch MaRnahmen als Zugewinn fiir die Lebensqualitat inter-
pretiert, die von Gegner*innen haufig als ,Verzicht' abgewertet werden.
Der Beitrag argumentiert, dass eine Orientierung an den identifizier-
ten Co-Benefits die Legitimation von SuffizienzmaBnahmen steigern
kann. Grundlage der qualitativen Dokumentenanalyse sind Dokumen-
tationen aus 15 Beteiligungsprozessen des bundesweiten Wettbewerbs
Zukunftsstadt 2030, in dem Kommunen Konzepte fir ihre nachhaltige
Entwicklung erarbeitetet haben.

Co-benefits as catalysts for sufficiency policy:
How citizens justify sufficiency in participation processes

Abstract - This article examines what sufficiency-oriented measures
citizens would like to see in participation processes at the municipal
level and how they justify them. In addition to the ecological impact, nu-
merous co-benefits are identified in the fields of public health, commu-
nity and participation as well as economic viability. Based on these jus-
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tification contexts, measures that are often dismissed by opponents as
‘sacrifice’ were also interpreted as gains in quality of life. The article ar-
gues that an orientation toward the identified co-benefits may increase
the legitimacy of sufficiency measures. The qualitative document anal-
ysis is based on documentation from 15 community participation pro-
cesses of the nationwide competition ‘Zukunftsstadt 2030’ (City of the
future 2030), in which municipalities developed concepts for their sus-
tainable development.

Keywords « sufficiency, co-benefits, legitimacy, urban development,
citizen participation

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.31.210

Einleitung

Anfang 2020 kiindigte der griine Bezirksamtsleiter des Stadtteils
Hamburg-Nord an, ein Vorhaben aus dem Koalitionsvertrag um-
zusetzen und keinen Neubau von Einfamilienhdusern mehr zu-
zulassen: Eine Maflnahme 6kologischer Nachhaltigkeit, gelten
Einfamilienhduser im Vergleich zu anderen Wohnformen doch
als fldachen- und ressourcenintensiver. Genauer ldsst sich diese
MafBnahme als Suffizienzstrategie beschreiben, da sie durch
eine Verdnderung der sozialen Praktik des Wohnens eine Re-
duktion des Ressourcenverbrauchs anstrebt. Bemerkenswert ist,
dass diese Aussage aus Hamburg-Nord ausreichte, um eine bun-
despolitische Debatte auszulosen und die Griinen als ,Verbots-
partei‘ unter Druck zu setzen. Dies ist kein Einzelfall, da Suffi-
zienzpolitik hiufig von Kritiker*innen mit ,Verzicht® assoziiert,
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als nicht wiinschenswert, riickschrittlich und illegitime Frei-
heitsbeschrinkung deklariert wird (Schneidewind et al. 2013).
Gleichzeitig mehren sich die Hinweise auf positive Aus-
wirkungen von Mafnahmen, die auf eine Reduktion des Kon-
sumniveaus abzielen, insbesondere auf Gesundheit und Le-
bensqualitdt (Bohnenberger 2021; Creutzig et al. 2021). Sol-
che ,Nebenwirkungen* konnen bei allen 6kologisch motivierten
Nachhaltigkeitsstrategien eintreten und werden auch als Co-
Benefits bezeichnet (Karlsson et al. 2020). Sie werden bei der
Konzeptionierung und politischen Begriindung von Suffizienz-

Suffizienzpolitik wird von
Kritiker*innen oft mit Verzicht
assoziiert und als Freiheits-

beschrdnkung deklariert.

mafnahmen aber teilweise nicht beachtet oder sogar explizit
ausgeschlossen, da der Fokus vorwiegend auf 6kologischen Wir-
kungen liegt (Fischer und GrieBhammer 2013; Spengler 2018).

Da auf der kommunalen Ebene viele Rahmenbedingungen
des alltdglichen Handelns gesetzt werden, sind fiir die Umset-
zung von SuffizienzmafBnahmen lokalstaatliche Akteur*innen
zentral (Bocker et al. 2021). In dem Spannungsfeld zwischen
zugeschriebenem Verzicht und Co-Benefits gehen wir der Frage
nach, mit welchen Begriindungen sich Einwohner*innen welche
SuffizienzmafBnahmen wiinschen. Die empirische Basis stellen
Beteiligungsdokumentationen aus der ersten Phase des bundes-
weiten Wettbewerbs ,Zukunftsstadt 2030° dar.

Unser Ziel ist es, aus der Untersuchung solcher Prozesse Er-
kenntnisse fiir die Legitimitdt und damit fiir die Konzeptionie-
rung und das Framing von Suffizienzmal3nahmen zu generieren.
Das Konzept des Framing beschreibt eine bewusste Gestaltung
von Narrativen, die gewisse Aspekte der wahrgenommenen Rea-
litdt gezielt hervorheben und somit ein gewisses Deutungsmuster
nahelegen (Entman 1993). Legitimitit beschreibt allgemein das
Vertrauen auf die RechtmiBigkeit politischer Herrschaft und die
daraus resultierende Anerkennung des Herrschaftsverhiltnisses
durch die Beherrschten (Schubert und Klein 2018). Dem Poli-
tikwissenschaftler Scharpf (1999) folgend, lassen sich input- und
outputorientierte Legitimitit unterscheiden. Inputorientierte Le-
gitimitét beschreibt die Herrschaft durch das Volk, welche also
beispielsweise durch demokratische Prozesse hergestellt werden
kann. Outputorientierte Legitimitit beschreibt die Herrschaft fiir
das Volk, also die Anerkennung von politischen Entscheidun-
gen, wenn diese auf wirksame Weise das Allgemeinwohl fordern.
Die Untersuchung erortert dementsprechend jenseits der 6kolo-
gischen Argumente die Erwartungen, welche von einem Aus-
schnitt der Bevilkerung an Suffizienzmafinahmen gestellt wer-
den und stellt Hypothesen zur outputorientierten Legitimitit auf.
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Suffizienzverstandnis

Grundlegend werden in der Literatur drei verschiedene Strate-
gien zur Erreichung von Nachhaltigkeitszielen unterschieden:
die Effizienz, die Konsistenz und die Suffizienz (Huber 2000).
Effizienzstrategien versuchen durch technische Optimierungen
die Ressourcenproduktivitidt zu erhohen. Konsistenzstrategien
ersetzen umweltschiddliche durch umweltfreundlichere Techno-
logien. Beide Strategien sind dementsprechend geprigt von (so-
zio-)technischen Innovationen und werden vielfach mit dem Ziel
eingesetzt, den Natur- und Ressourcenverbrauch vom Konsum-
niveau zu entkoppeln.

Die Strategie der Suffizienz verfolgt ebenfalls das Ziel, 6ko-
logische Schiden zu minimieren und lédsst sich analytisch in
zwei Dimensionen trennen. Zum einen riickt sie die Begrenzung
des Konsumniveaus auf ein verallgemeinerbares, also nachhal-
tiges Mal in den Blick und beschreibt Ober- und Untergren-
zen von Konsumkorridoren (Di Giulio und Fuchs 2014). Dem
liegt die Annahme zugrunde, dass eine Entkopplung des Na-
turverbrauchs von Konsumsteigerungen nicht in ausreichendem
Mafe moglich ist, um 6kologische Ziele zu erreichen. Zum an-
deren arbeitet die Strategie der Suffizienz nicht mit technischen,
sondern mit sozialen Innovationen und versucht damit soziale
Praktiken zu verdndern. Dies kann sich sowohl auf individuel-
les Verhalten als auch auf die Gestaltung von politischen, dko-
nomischen und infrastrukturellen Rahmenbedingungen bezie-
hen (Princen 2005; Schneidewind et al. 2013).

Die Suffizienzstrategie im Verstdndnis dieser Untersuchung
verfolgt vorrangig 6kologische Ziele, jedoch mit potentiell weit-
reichenden sozialen und 6konomischen Implikationen. Im Fol-
genden wurden MaBnahmen oder Wiinschen als suffizienz-
orientiert verstanden, wenn sie auf eine Reduktion 6kologischer
Schidden vornehmlich durch Verdnderungen sozialer Praktiken
abzielt. Suffizienz beschreibt in diesem Sinne sowohl einen
kompletten Wegfall des Konsums, beispielsweise die reduzierte
Wegstrecke durch Homeoffice oder eine Stadt der kurzen Wege,
als auch eine Reduktion des Naturverbrauchs durch veridnderte
Konsummuster wie Fahrradfahren statt Autofahren. Nicht im-
mer ist die Wirkungskette unmittelbar, sodass auch eine Attrak-
tivitdtssteigerung des Offentlichen Raums, insbesondere im in-
nerstadtischen Bereich, welche dichteres und kleineres Wohnen
erleichtern kann, als suffizienzorientierter Wunsch interpretiert
wird (fiir die literaturbasierten Einordnungen als SuffizienzmaB-
nahmen siehe Tab. 1).

Methodik

Die empirische Grundlage bilden Dokumentationen von infor-
mellen Beteiligungsformaten, die in der ersten von insgesamt
drei Forderphasen der Leitinitiative ,Zukunftsstadt 2030° des
Bundesministeriums fiir Bildung und Forschung durchgefiihrt
wurden. In der ersten Phase wurden in den Jahren 2015/16 in
51 Kommunen unterschiedlicher Groe Visionen nachhaltiger
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Kategorien gewiinschter MaBnahmen in den Beteiligungsprozessen

Ubergeordneter Suffizienzbezug

- Forderung Fahrrad-, FuB- und OPNV (B-M, DD, FI, KN, LG, NO, OB, UL, WMS,
WOB)
- Eindammung Autoverkehr (DD, FRI, KN, UL, WM8, WOB)

Modal shift fuhrt zur Reduktion von Autoverkehr durch Verlagerung auf den
Umweltverbund (Schneidewind et al. 2013; Bocker et al 2021)

- Ortsnahe Daseinsversorgung (Lebensmittel, Bildung, Gesundheit und Pflege,
Kultur- und Freizeitangebot) (B-M, FI, FRI, NO, P/L, OB, RE, UL, WM8, WOB,
Z-R)

- Regionale Wertschopfungskreislaufe (B-M, DD, Fl, FRI, LG, NO, OB, WM8, WOB,
Z-R)

Kurze Wege ermdglichen modal shift und verringern Weglangen (Bocker et al.
2021; Cohen 2021)

- Generationsiibergreifende, gemeinschaftliche Wohnprojekte (B-M, FI, KN, LG,
NO, P/L, UL, WM8, WOB, Z-R)
- Wohnungstausch (B-M, KN, WOB)

Flexibleres, lebensphasenbezogenes und potentiell flachensparendes Wohnen
(Schneidewind et al. 2013; Abt und Patzold 2017; Bohnenberger 2021)

- Bekampfung von Leerstand (B-M, FI, FRI)
- Flachenmanagement (DD, KN, NO, WM8, WOB)
- Siehe auch kurze Wege'

Stadtebauliche Dichte (Bocker et al. 2021, Bohnenberger 2021, Cohen 2021)

- Ausweitung (wohnortnaher) Grin- und Blaufldchen, Aufenthalts- und Spiel-
platze (B-M, DD, FI, FRI, KN, NO, OB, WOB, Z-R)
- Urban Gardening (B-M, DD, FI, NO, WOB)

Aufwertung des offentlichen Raums als Alternative zum Privatbesitz (Bohnen-
berger 2021)

- Forderung von Tausch und Reparatur (DD, FRI, LG, NO, P/L, WOB)

- Nicht-kommerzielle Aufenthaltsorte und Treffpunkt (B-M, DD, FI, FRI, KN, LG,
NO, OB, P/L, WM8, WOB, Z-R)

- Genoss*innenschaften (NO, Z-R)

Konsumreduktion und Entkommerzialisierung (Sachs 1993; Schneidewind et al.
2013)

- Saisonale und regionale Erndhrung (B-M, FRI, NO, WM8)

Verringerte Transportwege und geringerer Energieaufwand fir Produktion und
Lagerung (Brunori und Di lacovo 2014)

Tab.1: Ergebnisse des deduktiven Codierens: in den Dokumentationen der Beteiligungsveranstaltungen identifizierte SuffizienzmaRnahmen.

Entwicklung fiir das Jahr 2030 und dariiber hinaus erarbeiteten.
In spiteren Phasen standen konkretere Planungen und Umset-
zungen im Fokus. Da die Dokumentation insbesondere bei den
Kommunen, die nicht fiir die néchsten Phasen ausgewihlt wur-
den, nicht oder nur sehr rudimentir vorhanden ist, haben wir
die Auswahl auf die 23 Kommunen beschriinkt, die die zweite
Forderphase erreicht haben. Davon konnten 15 Dokumenta-
tionen fiir folgende Kommunen bzw. Regionen zuginglich ge-
macht werden (siehe Research data), wobei Darstellungsart und
Austiihrlichkeit variieren (zwischen zwolf und 124 Seiten) und
nicht alle (vollstindig) 6ffentlich verfiigbar sind: Berlin Mieren-
dorff INSEL (B-M), Dresden (DD), Finsterwalde (FI), Fried-
richstadt (FRI), Konstanz (KN), Liineburg (LG), Norderstedt
(NO), Oberhausen (OB), Peenetal/Loitz (P/L), Recklinghausen
(RE), Rottal-Inn (R-I), Ulm (UL), Wattenmeer-Achter (Bor-
kum, Juist, Norderney, Baltrum, Langeoog, Spiekeroog, Wan-
gerooge, Norden) (WMS8), Wolfsburg (WOB), ZUBR A-Region
(Bebra, Rotenburg a. d. Fulda, Alheim, Cornberg, Ronshau-
sen, Wildeck) (Z-R). Die meisten Berichte bestehen aus einer
schriftlichen Zusammenfassung und fotografischen Dokumen-
tation der Beteiligungsveranstaltung, hiufig erginzt durch pro-
fessionelle Visualisierungen der Diskussion sowie eine Presse-
schau.

TATuP - Zeitschrift fiir Technikfolgenabschdtzung in Theorie und Praxis (2022) 31/2: 48-55

Quelle: Eigene Darstellung

Der Zukunftsstadtprozess ist als partizipative Stadtentwick-
lungsarbeit in seinem Umfang an teilnehmenden Kommunen so-
wie seinem inhaltlich breiten und visionsorientierten Zuschnitt
in Deutschland einmalig. Als Datengrundlage bietet er Hetero-
genitiit beziiglich Grofle und geographischer Lage der Kommu-
nen sowie Vergleichbarkeit durch die gleichen iibergeordneten
Zielsetzungen und formellen Rahmenbedingungen.

In den untersuchten Stddten und Gemeinden wurden zwi-
schen zwei und acht verschiedene Beteiligungsformate fiir die
Entwicklung der Vision durchgefiihrt. Die Prozesse fufien da-
mit zwar auf einer teils sehr breiten 6ffentlichen Beteiligung,
sind jedoch wie die meisten Beteiligungsformate aufgrund ihrer
Selbstselektivitidt nicht reprisentativ fiir den Bevolkerungs-
durchschnitt. Dementsprechend konnen keine Aussagen dazu
getroffen werden, in welchem MalBe Suffizienz von Biirger*in-
nen gewiinscht wird. Eine fundierte explorative Untersuchung
der Argumente fiir Suffizienz ist hingegen moglich.

Die Dokumentationen wurden mithilfe einer Dokumenten-
analyse untersucht. Durch das Codieren, also dem Aufbrechen
des Materials zu Zwecken der Analyse, mithilfe der Auswer-
tungssoftware MAXQDA konnten im Material die verschie-
denen suffizienzorientierten Maflnahmen samt Begriindungs-
strange sichtbar gemacht und mit jedem weiteren Dokument pré-
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zisiert und angereichert werden. Codiert

wurde in zwei Schritten, zunéchst deduk- Gesundheit
tiv (Kategorienbildung aus der Theorie),
dann induktiv (Kategorienbildung aus der Bewegung

Empirie). Im ersten Schritt wurden mit-
hilfe des oben beschriebenen literaturba-
sierten Suffizienzverstindnisses die suf-
fizienzorientierten Wiinsche codiert. Mit
einer Ausnahme (R-I) konnten in allen
Dokumentationen zahlreiche suffizienz-
orientierte Manahmen identifiziert wer-
den (siehe Tab. 1). Im zweiten Schritt wur-
den die Begriindungszusammenhénge der
SuffizienzmaBnahmen induktiv codiert
und dabei Beziige zu anderen Codes und
erste Theoretisierungen in Form von Me-
mos gesichert. Anschliefend wurden die
Codes zu vier zentralen Kategorien (Ge-
sundheit, Gemeinschaft, Okologie und
Okonomie) verdichtet (siche Abb. 1).
Um die personenunabhiingige Uberein-
stimmung der Codierungen (Intercoder-
Reliabilitdt) zu verbessern, wurden zu-
ndchst einige Dokumente gemeinsam
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und anschlieBend die restlichen Doku-
mente nacheinander codiert und wech-
selseitig tiberpriift.

Ergebnisse

In den untersuchten Beteiligungsprozessen ist die Nachhaltig-
keitsstrategie der Suffizienz als solche kein explizites Thema.
Nur ein einziges Mal taucht das Wort Suffizienz in den Doku-
menten auf (DD). Nichtsdestotrotz lassen sich zahlreiche Vi-
sionen und Mafinahmen identifizieren, die sich inhaltlich der
Suffizienzstrategie zuordnen lassen. Eine Ubersicht iiber die im
Material formulierten Maflnahmen sowie deren literaturbasierte
Einordnung als SuffizienzmafBnahme ist in Tabelle 1 dargestellt.

Als Begriindungen fiir die MaBnahmen haben wir als zent-
rale Kategorien neben Okologie die Dimensionen Gesundheit,
Gemeinschaft und Teilhabe sowie Wirtschaftlichkeit identifi-
ziert (Abb. 1). Diese vier identifizierten Hauptkategorien fiih-
ren wir im Folgenden aus.

(1) Suffizienzmaflnahmen werden mit verschiedenen posi-
tiven Gesundheitseffekten begriindet. Ein ,,modal shift* von
motorisiertem Individualverkehr zum Umweltverbund (Fahr-
rad-, FuB- und OPNV) wird gewiinscht, weil eine Reduktion
des Autoverkehrs mit geringeren Schadstoff- und Larmemissio-
nen einhergeht und sich dadurch psychische und physische Ge-
sundheitsbelastungen verringern (DD, NO, WMS). Des Wei-
teren erhoht eine Reduktion des Autoverkehrs die allgemeine
Verkehrssicherheit, da Unfille vermieden werden und durch die
Umnutzung von ehemals fiir den Autoverkehr genutzten Fldchen
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Abb.1: Ergebnisse des induktiven Codierens: zentrale Kategorien (Gesundheit, Okologie, Gemeinschaft und
Teilhabe, Okonomie) und Unterkategorien der Begriindungszusammenhénge von SuffizienzmaRnahmen.

Quelle: Eigene Darstellung

sichere Rad- und FuBwege entstehen konnen (DD, NO, WOB).
Als weiteres Argument fiir eine fahrrad- und fu3verkehrsfreund-
liche Infrastruktur wird Bewegungsforderung im Alltag genannt,
die beim Stressabbau helfen und der psychischen und physi-
schen Gesundheit dienen kann (NO, OB, WOB).

Gesundheitsaspekte stellen nicht nur im Bereich der Mobi-
litdt einen Begriindungszusammenhang fiir stadtebauliche Suf-
fizienzmafnahmen dar. So wurden Freiraumplanungen mit be-
wegungsfordernden Griin- und Spielpldtzen (B-M, FRI, NO,
WOB) sowie Orte der Naherholung in Wohnortnihe (B-M, DD,
FI, FRI, KN, NO, WOB) gewiinscht.

Zudem besteht die Hoffnung, dass ein verdndertes stddti-
sches Leitbild mit suffizienzorientierten Zielformulierungen
einen gesellschaftlichen Wertewandel unterstiitzt, der zu psy-
chischen Entlastungen fithren kann. Dazu zéhlen unter anderem
Aspekte der Konsumreduktion (DD, NO, WMS), aber auch des
Zeitwohlstands (LG, WM8), also der Moglichkeit zur selbstbe-
stimmten Gestaltung der eigenen Lebenszeit.

(2) Neben Gesundheitsaspekten spielt der Wunsch nach Ge-
meinschaft und Teilhabe eine Rolle bei der Begriindung von
SuffizienzmaBnahmen. Dabei wird das Idealbild einer Kom-
mune mit nachbarschaftlicher Gemeinschaft und belebten 6f-
fentlichen Rdaumen gezeichnet.

Im Sinne einer ,,Stadt der kurzen Wege*, werden als Mafinah-
men die Erhohung der stidtebaulichen Dichte und das Schaffen
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gemischter Quartiere genannt. Die dadurch wachsende raumli-
che Nihe soll sowohl die grundsitzlichen Teilhabemoglichkei-
ten am gesellschaftlichen Leben erhohen (KN, FI, NO, WOB,
Z-R) als auch den Bezug zur Nachbarschaft stirken (DD, FRI,
KN, UL, WMS). Es wird die Inklusivitédt von kurzen Wegen be-
tont, da sorgebediirftige Personen wie Kinder oder éltere Men-
schen diese Wege selbststindiger zuriicklegen konnen (B-M,
DD, NO, P/L, WOB). Gerade medizinische Infrastruktur und
das Vorhandensein von Pflegeangeboten sind ein entscheiden-
der Faktor, ob Menschen, die auf diese angewiesen sind, vor Ort
und somit in der Nihe ihrer Familie und des vertrauten Umfelds
bleiben konnen (FI, P/L, NO, RE, WOB, WMS8, Z-R). Durch
ortsnahe Lebensmittel-, Bildungs-, Kultur- und Freizeitangebote
werden zudem alltigliche Begegnungen gefordert, womit Ein-
samkeit und Anonymitét vorgebeugt wird (B-M, FI, FRI, OB,
NO, UL, RE, WOB, WM&, Z-R).

Das soziale Miteinander und die Teilhabe sollen durch (nach-
barschaftliche) Orte der Begegnung wie belebte Marktplitze,
Gemeinschaftshdusern, Girten, teils inklusiv gedachten Cafés
oder Bars, Tauschborsen und Orte des handwerklichen Selber-
machens, wie Repair-Cafés, Nih- oder Zeichenkreise gefordert
werden (B-M, DD, FI, FRI, KN, OB, NO, P/L., WOB, WMS,
Z-R). Diese Orte werden vor allem aufgrund ihrer Funktion als
Treff-, Lern- und Austauschriume gewiinscht.

Der Wunsch nach Gemeinschaft und Teilhabe ist auch bei
Fragen des Wohnens prisent. Generationsiibergreifende, sozial
und kulturell gemischte Wohnformen sollen Gemeinschaft und
eine leichtere Anpassung der Wohnverhiltnisse an die Lebenssi-
tuation fordern (FI, KN, LG, NO, P/L, UL, WOB, WMS8, Z-R).
Es finden sich zwar auch Wiinsche nach privaten Riickzugsmog-
lichkeiten, welche jedoch nicht als Ausschluss, sondern als Aus-
gleich formuliert werden (NO, WOB).

Insbesondere in Bezug auf Teilhabechancen werden Gerech-
tigkeitsfragen thematisiert, denn es wird gefragt, welche Zu-
ginge zum stidtischen Raum fiir wen geschaffen oder erschwert
werden. Gemeinschaft wird inklusiv gedacht und vielfach wer-
den Gruppen erwihnt, deren Bediirfnisse in Kommunen bisher
eher weniger Platz finden (Alte, Kinder, Jugendliche, Pflegebe-
diirftige, sozial marginalisierte Milieus).

(3) Auch (individuelle) 6konomische Vorteile werden von der
Umsetzung kommunaler SuffizienzmafBnahmen erwartet. Durch
Infrastrukturangebote, die Tauschen, Weiterverkaufen oder Re-
parieren ermoglichen (z. B. Tauschborsen, Flohmirkte, Repair-
Cafés) wird sich eine finanzielle Ersparnis erhofft (NO).

Im Kontext von gemeinschaftlichen und dichteren Wohnfor-
men konnen Wiinsche erfiillt werden, die fiir viele allein schwer
zu finanzieren wiren, wie Veranstaltungsrdume, Gistewohnun-
gen oder Gemeinschaftsgirten (NO). Beziiglich der Bezahlbar-
keit von Wohnraum wird auch die Frage nach alternativen Eigen-
tumsmodellen und der Forderung nichtkommerzieller Besitz-
strukturen wie Genossenschaften aufgeworfen (KN, NO, WMS,
WOB, Z-R).

Zudem spielt eine Stdarkung der regionalen Wirtschaft, da-
runter auch die Forderung regionaler Lebensmittelproduktion
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und -vermarktung eine Rolle (B-M DD, FRI, LG, NO, OB,
WOB, WMSB). Dadurch sollen Arbeitsplédtzen vor Ort erhalten
bzw. geschaffen werden (FI, NO, WOB, Z-R).

(4) Auch verschiedene Dimensionen 6kologischer Vorteile
werden in Bezug auf SuffizienzmafBnahmen genannt. Eine Ver-
besserung der Biodiversitidt wird im Kontext der Schaffung von
Griinfldachen und Biotopvernetzung genannt (NO). Ressourcen-
schonung soll durch nachhaltige Mobilitit erreicht werden (B-
M, FRI, KN, NO, WOB, WMZR). Konsumreduktion durch Re-
paratur und Tausch von Produkten (DD, FRI, LG, NO) sowie
Miillvermeidung (B-M, NO, WM§, WOB).

Auch die unmittelbar erfahrbare Knappheit der Ressource
Fldche wird in einigen Kommunen thematisiert und damit ver-
bunden der Wunsch nach einer Vermeidung von Leerstand und
Unternutzung von Wohnraum, beispielsweise in Form von Fe-
rienwohnungen oder (zu) groBen Wohnungen fiir Alleinlebende
(DD, KN, WMS8, WOB). Auch die 6kologischen Folgen der wei-
terhin stark steigenden Fldchenversiegelung werden angemahnt
und als GegenmalBnahme die Konzentration auf Innen- statt
AuBenentwicklung benannt (KN, NO, WOB).

Insgesamt zeigt sich tiber alle Kategorien hinweg eine grofie
Bandbreite von suffizienzorientierten Ideen. Sie reichen von
kleinteiligen Ansatzpunkten an individuellem Konsumverhal-
ten wie der Reparaturen von defekten Gegenstiinden und dem
urbanen Girtnern iiber die Reduktion der Automobilitdt und
der Forderung von Fahrrad-, FuB- und OPNV bis hin zu groB-
skaligen Umgestaltungen von stddtebaulichen und versorgungs-
okonomischen Strukturen im Sinne einer Stadt der kurzen Wege.
Gemein ist vielen dieser Ideen, dass sie entlang sozialer Fra-
gen entwickelt werden, sodass beispielsweise bei kurzen We-
gen der Wunsch nach Teilhabe (von mobilitidtseingeschrinkten
Personen) und der nachbarschaftlichen Vergemeinschaftung in
den Fokus riicken.

Diskussion

Im Folgenden ordnen wir zunichst die Ergebnisse anhand von
Erkenntnissen aus der Beteiligungsforschung ein. Darauf auf-
bauend erortern wir Lehren fiir die Legitimation, Konzeption
und das Framing von kommunalen SuffizienzmafBnahmen und
formulieren Thesen, warum insbesondere soziale Begriindungs-
zusammenhinge auftreten.

Reflexion der Ergebnisse

Die Ergebnisse entstammen nicht quotierten, selbstselektiven
Beteiligungsformaten und hingen daher neben der Prozessge-
staltung davon ab, wer sich beteiligt und welche Gruppendyna-
miken sich ergeben. Selbstselektive Partizipationsprozesse sind
nicht gesellschaftlich reprisentativ, meist sind bildungsnahe Be-
volkerungsgruppen iiberproportional vertreten (Bodeker 2012,
37 f.). Die Ergebnisse von Beteiligungsverfahren lassen sich
dementsprechend nicht als verallgemeinerbares Meinungsbild
betrachten und es ist zu vermuten, dass die Teilnehmenden an
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den Beteiligungsformaten tendenziell positiver auf Fragen des
Umweltschutzes und der sozialen Gerechtigkeit blicken als der
Bevolkerungsdurchschnitt (Rubik et al. 2019, S. 73 ff.). Nichts-
destotrotz konnen derartige Beteiligungsprozesse die Legitimi-
tdt von politischen Entscheidungen erhohen, lokales Wissen be-
reitstellen und als Testballons fiir Ideen zukiinftiger Entwick-
lung dienen (Goldschmidt 2014, S.40ff.). In diesem Sinne lassen
sich die Ergebnisse zur Untersuchung der Co-Benefits als wich-
tige Wissensbasis fiir eine suffizienzorientierte Stadtentwicklung
und deren Legitimation sowie als Ansatzpunkt fiir weitere For-
schungsarbeiten verstehen. Beispielsweise konnten die Ergeb-
nisse mithilfe einer repriasentativen Befragung tiberpriift werden.

Konzeptionierung von SuffizienzmaBnahmen
Zu beobachten ist, dass eine suffizienzorientierte Stadtentwick-
lung im Kontext sozialer Fragen gewiinscht wird, wohingegen
okologische Kriterien eher vereinzelt oder am Rande eine Rolle
spielen. Durch ein Explizieren der Argumente beziiglich Ge-
sundheitsschutz, Gemeinschaft und Teilhabe sowie der okono-
mischen Vorteile kann Suffizienz unmittelbar attraktiver und da-
mit die Output-Dimension der Legitimitit dieser Manahmen
adressiert werden. Dies kann auch beim Framing genutzt wer-
den, wenn statt einer reinen Fokussierung auf die Reduktion
okologischer Schiden entsprechende Co-Benefits in den Fokus
geriickt werden. Auch Creutzig et al. (2021) zeigen, dass ver-
brauchsseitige Maflnahmen zur Reduktion von Treibhausgasen
wie die Reduktion von Lebensmittelabfillen, motorisiertem (In-
dividual-)verkehr oder eine Stadt der kurzen Wege positive Aus-
wirkungen auf die Lebensqualitit haben, insbesondere in Bezug
auf Energieverfiigbarkeit, Gesundheits- und Luftqualitét.

Um die Output-Dimension der Legitimitit zu steigern, kon-

Insbesondere die Sektoren Gesund-
heit sowie Teilhabe und Gemein-
schaft spielen eine zentrale Rolle bei

der Konzeptionierung.

nen SuffizienzmaBnahmen so konzipiert werden, dass sie stir-
ker an den identifizierten Alltagsproblemen und -sehnsiichten
andocken. Spitzner (2021) schlédgt beispielsweise einen kosten-
losen und gut ausgebauten OPNV als SuffizienzmaBnahme vor,
aufbauend auf einer Analyse alltdglicher Ausschliisse von Sor-
geleistenden und -bediirftigen in einem autoorientierten Mobi-
litdtssystem.

Gleichzeitig birgt eine Auswahl und Konzeptionierung von
SuffizienzmafBnahmen entlang ihrer positiven sozialen und 6ko-
nomischen Wirkungen die Gefahr, dass okologisch wirkungs-
volle Maflnahmen aufgrund geringerer Co-Benefits und gro-
Berem (erwartetem) Widerstand ausgeklammert werden. Dies
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kann dazu beitragen, dass insbesondere Suffizienzmafnahmen,
die dem Bestehenden weitere Optionen hinzufiigen, gefordert
und stirker reduktiv wirkende MaBnahmen weniger beach-
tet werden. So wire es denkbar, dass Repair-Cafés oder Hand-
arbeitszirkel, welche aufgrund der Gemeinschaftsforderung ge-
wiinscht wurden, politisch gefordert werden, ein Neubau von
Supermirkten am Dorf- oder Stadtrand jedoch nicht verhindert
wird. Dies kann dazu beitragen, dass die Suffizienzstrategie ihr
kritisches und transformatives Potential verliert, welches ihr im
Sinne einer grundlegend anderen Systemlogik verschiedentlich
zugeschrieben wird (Princen 2005; Winterfeld 2017).

Fazit

Wir beobachten in den untersuchten Beteiligungsprozessen eine
grofle Bandbreite von SuffizienzmafBnahmen als Teil der Visio-
nen fiir die Kommunen im Jahr 2030. Dabei werden sich auch
MaBnahmen gewiinscht, die vielfach als ,Verzicht* abqualifi-
ziert werden, wie die Reduktion des Autoverkehrs oder dichteres
Wohnen anstelle des eigenen Einfamilienhauses. Da es sich um
selbstselektive Beteiligungsprozesse handelt, sind diese Visio-
nen von Stadtentwicklung nicht verallgemeinerbar. Interessant
ist jedoch, dass die darin enthaltenen SuffizienzmafBnahmen vor
allem als Antworten auf grundlegende soziale und Skonomi-
sche Probleme formuliert wurden. Insbesondere die Sektoren
Gesundheit sowie Teilhabe und Gemeinschaft spielen eine zen-
trale Rolle bei der Konzeptionierung.

Damit stirken die Ergebnisse die Relevanz der Betonung der
sozialen Dimension der Suffizienzstrategie. Die vermeintlichen
Co-Benefits von Suffizienzmaflnahmen konnen die eigentlichen
Main-Benefits darstellen. Fiir das Framing bedeutet dies, die so-
zialen Wirkungen stirker in den Mittelpunkt zu riicken und bei
der Konzeptionierung nicht allein Bezug auf okologische Di-
mensionen, sondern auch soziale Probleme zu nehmen. Wenn
SuffizienzmaBnahmen, so legen die Ergebnisse dieser Untersu-
chung nahe, Fragen von Gesundheit, Teilhabe und Gemeinschaft
adressieren oder 6konomische Vorteile bieten, erhoht sich die
outputorientierte Legitimitidt von Suffizienzmalnahmen.
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Wie neu ist Energiesuffizienz?:
Eine Spurensuche in der Geschichte
des Energiesparens

Nicole Hesse*' @®, Christian Zumbragel? ®

Zusammenfassung - Die Verfugbarkeit von immer groBeren Energie-
mengen ist die Grundlage unseres heutigen energieintensiven Lebens-
stils. Entsprechend haben sich historische Energieforschungen primar
mit dem seit rund zweihundert Jahren anhaltenden Wachstum des
Energieverbrauchs auseinandergesetzt. Auf dem Weg in nachhaltige
Energiezukunfte gilt es aber, das Energieverbrauchslevel zu senken. Der
Beitrag begibt sich auf eine historische Spurensuche nach dem Ener-
giesparen und zeigt auf, dass aktuelle Diskussionen (iber Energiesuffi-
zienz Auspragungen eines Diskurses darstellen, der mindestens bis in
die Friihe Neuzeit zurlckreicht und seitdem immer wieder Aktualisie-
rungen erfahren hat.

How new is energy sufficiency?:
Tracing the history of energy conservation

Abstract « The availability of ever-increasing amounts of energy are
the basis are the basis of our current energy-intensive lifestyle. Accord-
ingly, historians of energy have primarily addressed the growth in en-
ergy consumption that has lasted for about two hundred years. On the
way to sustainable energy futures, it is necessary to reduce the overall
energy consumption level. The article searches for historical traces of
energy conservation and points out that current discussions about en-
ergy sufficiency are expressions of a discourse that goes back at least to
the early modern period and has recurrently been updated since then.

Keywords « energy history, energy transition, energy conservation,
wind energy, hydropower
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Einleitung

Ist es das gesellschaftliche Ziel, die schlimmsten Folgen des Kli-
mawandels abzuwenden, so gelingt dies nur, wenn das in fossi-
len Energietrigern gebundene CO, nicht in groen Mengen frei-
gesetzt wird. Beim gegenwirtigen Umbau der Energiesysteme
ist daher das Sparen, d. h. die reduzierte Nutzung und Nicht-
nutzung vorhandener Energieressourcen, von grofler Bedeu-
tung. Die derzeitige Energiekrise, ausgelost durch den Krieg in
der Ukraine, offenbart allerdings einmal mehr die strukturellen
Abhingigkeiten von fossilen Energietrigern, sodass jiingst Auf-
rufe zur Verringerung des Energiebedarfs in Industrie und Haus-
halt laut wurden. Diese Forderungen fiihren uns gleichzeitig vor
Augen, dass Uberlegungen zur Energiesuffizienz, die auf eine
Verinderung etablierter Routinen und Gewohnheiten abzielen,
in den Diskussionen zur Energiewende noch immer weit hinter
den Komplementirstrategien Effizienz und Konsistenz zuriick-
stehen, die auf innovative Techniklosungen setzen — vom ,,Cli-
mate Engineering® bis zum Ausbau erneuerbarer Energietech-
niken (Linz 2015, S.5-6).

Im Unterschied zu historischen Transformationsphasen, die
zumeist von einem Mangel an Energie gepridgt waren, stehen
wir in westlichen Industrielindern heute vor der Herausforde-
rung, den Wandel zu einem niedrigen und ressourcenschonen-
den Energieverbrauchslevel aus einer Situation des Uberflusses
heraus zu gestalten. Der ubiquitire Gebrauch von Energie geht
auf die westliche Industrialisierung zuriick und beschreibt eine
kurze Zeitspanne des energiehistorischen Wandels. In vorindust-
riellen Energieregimen waren Versorgungsengpisse viel eher der
Regelfall; in vielen Kulturrdumen ist der sparsame Umgang mit
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dem lokal begrenzten Energieangebot nach wie vor eine gén-
gige Alltagspraxis (Hasenohrl und Kupper 2022, S.9). Vor die-
sem Hintergrund verwundert es, dass Energiehistoriker:innen
bislang selten auf das Energiesparen geschaut haben (Turnbull
2020). Dabei kann ein besseres Verstindnis historischen Ener-
giesparens dabei helfen, gegenwirtige Fragen um die Energie-
suffizienz in einem breiteren historischen Kontext zu beleuchten.

An Beispielen aus westlichen Industrienationen geht der Bei-
trag den Spuren energiesparender Aktivititen und bedarfsge-
rechter Energiehandlungen in den Jahrzehnten um 1900 nach —
eine energiehistorische Umbruchphase, in der das Aufkommen
der Elektrizitit neue Zukunftserwartungen befeuerte, traditio-
nelle Energietechniken wie mechanische Wind- und Wasser-
kraftantriebe aber immer noch weit verbreitet waren. In Anleh-

Soll der Begriff Energie-
suffizienz fiir die Energiewende
wirkungsvoll werden,
miissen entsprechende Suffizienz-
strategien an konkreten Alltags-

handlungen ansetzen.

nung an aktuelle Suffizienz-Debatten untersuchen wir ,histo-
rische Suffizienzpraktiken‘, womit Strategien zur bewussten
bedarfs- und verfiigbarkeitsorientierten Regulierung der ortli-
chen Energiefliisse gemeint sind, die in Distanz zu den zen-
tralisierten Strukturen der Kohlen- und Elektrizitatswirtschaft
iiber lange Zeitrdaume ein charakteristisches Merkmal dezentra-
ler Energiesysteme im ldndlichen Raum waren.

Allerdings sind diese historischen Suffizienzstrategien im
Kontext ihrer Zeit zu begreifen. Die Energiehandlungen der
Akteure um 1900 folgten handfesten wirtschaftlichen Motiven;
ihr alltdgliches Tun orientierte sich aber noch nicht an Leit-
gedanken einer okologischen Nachhaltigkeit, auf denen heute
Effizienz, Konsistenz und Suffizienz basieren. Insofern sind
Vorstellungen, die gegenwirtig mit dem Begriff Energiesuffi-
zienz verkniipft werden, nicht deckungsgleich auf die Fallbei-
spiele des Beitrags iibertragbar. Historische Suffizienzprakti-
ken waren an lokalen Arbeitstraditionen und Umweltbedingun-
gen ausgerichtet und flexibel an die ortlichen Verfiigbarkeiten
angepasst, was die damaligen Akteure regelméfig mit Engpés-
sen aber auch Uberschiissen im Energieangebot konfrontierte.
Soll der Begriff Energiesuffizienz fiir die Energiewende wir-
kungsvoll werden, miissen entsprechende Suffizienzstrategien
an konkreten Alltagshandlungen ansetzen, die den Bedarf und
lokale Verfiigbarkeiten an Energie flexibel aufeinander abstim-
men (Sachs 2015, S. 6).
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Von Holzsparkiinsten und Kalorienjagern:
Energiesuffizienz als Krisenphanomen

Wenn Engpisse in der Energieversorgung drohen, nehmen Re-
flexionen iiber die Regulierung und Einsparung von Energie
sprunghaft zu. Diese Korrelationen kennzeichnen aktuelle und
vergangene Energiedebatten gleichermalen.

Im 18. Jahrhundert mehrten sich Klagen iiber eine Verknap-
pung des Rohstoffs Holz — dem wichtigsten vorindustriellen
Energietriger. In diese Zeit fallen zahlreiche Verordnungen, die
den Umgang mit Energievorriten reglementierten. Waldord-
nungen und Forsterlasse beschnitten lokale béduerliche Bevol-
kerungen in der subsistenzwirtschaftlichen Nutzung der Wilder
und etablierten eine neue Form der Waldbewirtschaftung, die
auf eine regulierte und maximierte, d. h. 6konomisch nachhal-
tige, Holzproduktion abzielte. Holzsparvorschriften untersag-
ten das Aufstellen von Maibdumen oder sogar die Verwendung
von Holzsirgen bei Beerdigungszeremonien. Aber auch techni-
sche Innovationen sollten zur Holzersparnis beitragen. Im For-
schungsfeld der ,Holzsparkiinste‘ befassten sich Techniker mit
optimierten Fensterverglasungen, der Umstellung auf die Kohle-
feuerung und vor allem holzsparenden Ofen. Die Holzkrise um
1800 war wirkmichtig, indem sie Umgangsweisen mit Energie
prégte und letztlich auch den Ausgangspunkt fiir den Begriff der
Nachhaltigkeit bildete, der in seiner Erweiterung um okologi-
sche Kriterien fiir das heutige Suffizienzverstidndnis zentral ist
(Radkau 2007, S.229f.).

Im Umfeld der Weltkriege des 20. Jahrhunderts riickten in
Deutschland erneut Sorgen um Energieknappheiten in den Mit-
telpunkt gesellschaftspolitischer Debatten. Reparationszahlun-
gen verlangten die Abtretung groBer Mengen Steinkohlen und
wichtiger Fordergebiete (Heymann 1995, S. 107 ff.). Der Mangel
an Arbeitskriften sowie Transportprobleme durch die kriegsge-
schidigte Infrastruktur befliigelten die Sorgen vor einer umfas-
senden ,,Kohlennot*, weshalb der Reichskommissar fiir die Koh-
lenverteilung, Georg Dettmar, 1918 forderte, ,,duflerste Sparsam-
keit in dem Verbrauch von Kohlen walten [zu] lassen® (Dettmar
1918, S.73). In Analogie zu den Holzspar(vor)schriften vorhe-
riger Jahrhunderte tiberfluteten ,,Kohlensparschriften* den deut-
schen Buchmarkt, in denen ,,Kalorienjager* Energiesparmal3-
nahmen prisentierten (Radkau 2008, S.291; Nigele 1922). In
Arbeiterhaushalten gehorten Kochkisten oder auch Grudeherde
zu Mitteln des Energiesparens. In diesen Vertiefungen der Koch-
herde wurden aufgekochte Speisen auf heifler Asche langsam
gegart oder warmhielten (Dettmar 1920, S. 56). Selbst in Woh-
nungen, die schon in der Zwischenkriegszeit mit einer Zentral-
heizung ausgestattet waren, verlagerte sich das hédusliche Leben
zuriick in die Kiiche, die ,.letzte Zufluchtstitte gegen zeitweise
recht grimmige Kilte* (ebd., S.57). Unter den Nationalsozialis-
ten wurde die Energie- und Kohlenwirtschaft neu geordnet und
ab 1936 dem Vierjahresplan unterstellt, was auch den privaten
Energiekonsum einschrinkte. Im Zweiten Weltkrieg forderten
Zeitungsanzeigen den ,,Fahrstoffel“ zum ,,Kraftstoffsparen* auf
(Abb. 1).
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Abb.1: Zeitungsanzeigen riefen auf,
den ,Fahrstoffel” zur Anzeige zu bringen,
der ohne Ladung fuhr, durch Umwege
Kraftstoffe verschwendete und die Fahr-
zeugpflege vernachlassigte.

Quelle: 0. A. 1944, Anzeigenteil.
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Sichert durch mehr Fohrzeugphegs

Mit Propagandaparolen wie ,,Fasst den Kohlenklau®* appel-
lierte das NS-Regime an den sparsamen Umgang mit der hei-
mischen Kohle, die zwar reichlich geférdert wurde, durch den
Krieg aber zum raren Gut geworden war (Wuttke 2018, S.207).
Die Kohlendte der Weltkriegsjahre weckten auch das Bewusst-
sein fiir die Endlichkeit der ,Schwarzen Kohle® und fiihrten die
Abhingigkeit der Energiewirtschaft von fossilen Rohstoffen
deutlich vor Augen.

Wihrend der beiden Olkrisen (1973-74, 1979-80), als die
Golfstaaten den Olexport an die westlichen Industrienationen
drastisch einschrinkten, kehrten viele Maflnahmen zur Subs-
titution und Einsparung von Energie zuriick. Die Spannbreite
reichte vom Ausbau der Solar- und Kernenergie und einem
neuen Interesse an der Windkraft iiber Wirmeddmmungen bei

Auch im folgenden Jahrzehnt riefen Klimaforscher:innen auf der
Basis von Klimamodellierungen zu ,,major restricitons on the
use of global fossil resources auf, allerdings weniger um Eng-
pisse in der Energieversorgung auszugleichen, sondern vielmehr
um die Erderwiarmung einzudimmen (Turnbull 2020). Daraus
ging die Idee des globalen CO,-Budgets hervor, das in gegen-
wirtigen Diskussionen um die Energiesuffizienz als Einspa-
rungsstrategie eine zentrale Rolle spielt.

Energiesparen als Alltagspraxis —
dezentrale Wind- und Wasserkraft

Allerdings tréigt es der Komplexitit des energiehistorischen Pro-
zesses unzureichend Rechnung, wenn die Geschichte des Ener-
giesparens allein auf diese Krisenzeiten reduziert wird. Einer-
seits konnten die Effekte der Sparmafnahmen auf lange Sicht
ins Gegenteil umschlagen oder nicht intendierte Folgeprobleme
hervorrufen. Beispielsweise wurde der Absatz elektrischer Ful3-
wirmer, Tauchsieder und Heizgerite in der Zwischenkriegszeit
gefordert, um den hohen Energieverbrauch ineffizienter Koh-
ledfen zu senken. Langfristig fiihrte die ubiquitdre Verfiigbar-
keit an Elektrizitit in den Haushalten allerdings dazu, dass sich
der energieintensive Lebensstil immer stirker im Alltag der
Menschen verfestigte (Gerber 2014). Geritehersteller und Poli-
tik fithrten in den 1970er-Jahren Energielabel ein und bemiih-
ten sich, den Stromverbrauch groer Haushaltsgerite zu senken.
Wachsende Berge von Elektroschrott, Rebound-Effekte oder
Fragen der geplanten Obsoleszenz wurden in den Werbekam-

Diese suffizienzpolitischen Mafinahmen waren keine

reine Symbolpolitik, sondern reduzierten am Ende der 1970er-Jahre

tatsdchlich den Verbrauch von Heizol und Benzin.

Wohnhéusern bis zu Sparmaflnahmen wie eingeschrinkte Stra-
Benbeleuchtungen, autofreie Sonntage oder das Tempolimit
(Wellum 2020). Mit einem eindringlichen Appell forderte etwa
Richard Nixon die amerikanischen Biirger:innen in seiner ener-
giepolitischen Rede am 07. November 1973 zur Einschridnkung
des Heizolverbrauchs auf: ,,Incidentally my doctor tells me that
in a temperature of 66 to 68 degrees [Fahrenheit, ca. 19-20°C;
die Autor*innen] you are really more healthy than when it is 75
to 78 [Fahrenheit, ca.23-26 °C; die Autor*innen], if that is any
comfort. [...] I am directing that the daytime temperatures in fe-
deral office be reduced immediately to a level of between 65 and
68 degrees, and that means in this room, too, as in every other
room in the White House* (zit.n. Graf 2014, S. 168).

Diese suffizienzpolitischen MaBBnahmen waren keine reine
Symbolpolitik, sondern reduzierten am Ende der 1970er-Jahre
tatséichlich den Verbrauch von Heizol und Benzin (ebd., S. 171).
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pagnen fiir energieeffiziente Kiihlschrinke und Waschmaschi-
nen allerdings geflissentlich ignoriert (Wolfel 2016). Zudem be-
stehen beziiglich der Zugriffsmoglichkeiten auf Energie seit je-
her grof3e regionale Unterschiede. In lindlichen Gebieten, denen
der Zugang zu den Schienenwegen und Stromleitungen fehlte,
war der bedarfsgerechte und verfiigbarkeitsorientierte Umgang
mit dem Ortlichen Energieangebot fest in regionale Wirtschafts-
formen eingeschrieben.

Windenergie

In den windreichen Regionen Mitteleuropas sind Praktiken des
Energiesparens seit dem 17. Jahrhundert im alltdglichen Ener-
giehandeln verankert: so etwa in zum Teil abgelegenen nord-
deutschen Kiistengebieten oder im Stidwesten Frankreichs zwi-
schen Mittelmeer und Zentralmassiv. Wéahrend in den Jahrzehn-
ten um 1900 mit der Elektrizitit energietechnische Neuerungen

https://doi.org/10.14512/tatup.31.2.56



entstanden, gerieten seit Langem etablierte Formen der Energie-
gewinnung, wie die Windenergie, unter Innovationsdruck. Das
fithrte jedoch nicht zu einer abrupten Ablosung dieser alther-
gebrachten Praktiken und Techniken der Energieproduktion. In
diesen windreichen Gegenden blieb die Windenergie fiir mecha-
nische (seltener auch elektrische) Antriebe der Landwirtschaft,
des Kleingewerbes, des Miihlenwesens und der kommunalen
Versorgungsstrukturen noch nach 1900 wichtig (Abb. 2; Hey-
mann 1995, S.24-28).

Griinde fiir diese Persistenz sind durch einen niheren Blick
auf die Praktiken vor Ort auszumachen. Die Gemeinden, Wein-
giiter oder landwirtschaftlichen Hofe waren in der ersten Hilfte
des 20. Jahrhunderts nur selten an {iberregionale Verbundnetze
der zentralisierten Elektrizitdtswirtschaft angeschlossen. Zuwei-
len gab es zwar energetisch nutzbare Wasserlidufe, viele Arbeiten
wurden aber weiterhin durch tierische oder menschliche Krifte
erledigt (Kander et al. 2014, S. 131-158). Da mechanische An-
triebskrifte im Alltag knapp waren, mussten die Gesellschaften
vor Ort zwangslaufig bedarfsorientierte Energiesuffizienzprak-
tiken entwickeln.

Mit dem Wind stand eine Ressource zur Verfiigung, die in
ihrer zeitrdumlichen Dimension zwar nicht regelmif3ig verfiig-
bar, aber dennoch lokal sinnvoll nutzbar war — insbesondere,
weil praktisches Windwissen iiber die Energieform, ihre Anwen-
dungsbereiche sowie die Ausnutzung verschiedener Windpoten-
ziale seit langer Zeit das Gewerbeleben prigten.

Im trockenen Siidwesten Frankreichs und in Norddeutsch-
land fehlte am Anfang des 20. Jahrhunderts vielen Gemeinden
und landwirtschaftlichen Hofen der Zugang zu einer Wasserver-
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Abb.2: Der Windmotor der Firma Koster versorgte um 1910 die 2000 Einwoh-
ner:innen von Klein-Niendorf in Norddeutschland mit Wasser.
Quelle: Koster 1946, S. 5. Mit Erlaubnis der Friedrich Koster GmbH & Co. KG

Die kommunalen Betreiber passten ihre Windenergieanla-
gen technisch an die lokalen Umwelt- und Nutzungsbedingungen
an, indem sie die Turmhdohe und die Rotorengrofie an dem ortli-
chen Windpotenzial ausrichteten. Fiir diese Anpassungsprozesse
griffen die Windkraftbetreiber auf tradiertes lokales Erfahrungs-
wissen zuriick. Die mechanische Windnachfiihrung erméglichte
eine effiziente Verwertung der Windkraft, die sich vorteilhaft
auf die etablierten Arbeitsrhythmen auswirkte. Windpotenzial
konnte so auch bei Nacht genutzt und die Petroleumhilfsmoto-
ren, die in windstillen Perioden den Windmotor ersetzten, spar-
sam eingesetzt werden.

Auch in der Landwirtschaft orientierte sich der Einsatz wind-
getriebener Arbeitsmaschinen, etwa Hickselmaschinen, an den
umweltbedingten Zyklen der Energiebereitstellung. Gehick-

Da mechanische Antriebskridifte im Alltag knapp waren,

mussten die Gesellschaften vor Ort zwangsldufig bedarfsorientierte

Energiesuffizienzpraktiken entwickeln.

sorgungsinfrastruktur (Hesse 2021). Zu Fuf3 und mithilfe von
Kannen und Eimern schafften die Anwohner:innen das Wasser
aus Brunnen und entfernten Wasserquellen herbei. Um die Si-
tuation durch eine kostengiinstige funktionale Pumpanlage ver-
bessern zu konnen, griffen Gemeinden und landwirtschaftliche
Betriebe auf die lokale Ressource Wind zuriick, durch die Was-
serleitungssysteme abseits tiberregionaler Strom- und Leitungs-
netze implementiert werden konnten. Die Pumpanlagen waren
an Windmotoren gekoppelt, die das Quell- oder Grundwasser
tiber Leitungen in den Ort beforderten, wo es in einem zentra-
len Wasserreservoir gespeichert wurde. Da der Wind selbst nicht
gespeichert, kanalisiert oder gestaut werden konnte, fand die Re-
gulierung der Wasservorrite tiber diesen Energiespeicher statt.
Bei ausreichend oder im Uberfluss vorhandenem Wind wurde
das Reservoir vollgepumpt, sodass das Wasser auch in windstil-
len Phasen reguliert zu nutzen war.
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selt wurde auf Vorrat, wenn der Wind wehte, weiterverarbeitet
wurde bei Windstille (Stertz 1912, S. 96 f.). Lokale Anpassun-
gen an bestehende Windverhiltnisse und Anwendungstraditio-
nen schlugen sich um 1900 in einer facettenreichen Auswahl an
Windkraftanlagen nieder. Ein immer wieder monierter Nach-
teil, die Abhingigkeit der Energiebereitstellung von dem spezi-
fischen Standort, konnte technisch nicht gelost werden, ermog-
lichte in den abgelegenen Regionen aber eine von den Infra-
strukturen der Elektrizitdtswirtschaft weitgehend unabhingige
Energieversorgung, die Entwicklung angepasster Suffizienzstra-
tegien und die Weitergabe des dafiir relevanten Energiewissens.

Die geografische Néhe der Energieproduktion zur Energienut-
zung generierte eine Flexibilitit, die nicht in industriellen Maf5-
stiben zu messen war, sondern ihre Wirkung in Anpassung an die
Umweltbedingungen vor Ort in den lokalen Arbeitsabldufen ent-
faltete. Kommunen, Landwirt:innen und Winzer:innen entwarfen
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ihre Arbeitsprozesse entsprechend ortli-
cher Verfiigbarkeiten. Den beschriebenen
Praktiken waren das Energiesparen und
die bedarfsgerechte Anpassung an oOrtli-
che Einflussfaktoren immanent.

Wasserkraft

Im Laufe der Frithen Neuzeit siedelten
sich an den Wasserldufen in den westdeut-
schen Mittelgebirgen, dem Bergischen
Land und Sauerland, zahlreiche Klein-
betriebe der Metallindustrie an, um die
FlieBkraft der Gebirgsbiche fiir die Fer-
tigung von Eisenwaren zu nutzen (Zum-
brigel 2018). Die Wasserkrifte stellten
zwar eine giinstige, aber iiber das Jahr
unregelmifige Antriebsenergie zur Ver-
fligung, was viele Metallfabrikant:innen
im 19. Jahrhundert vor die Herausforde-
rung stellte, den wachsenden Energiebe-
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brikant:innen an dem regionalen Was-
serkraftpotential fest und passten ihre
Betriebsabldufe an die unregelmiBi-
gen Rhythmen der Energiebereitstellung
an. Im Laufe der Jahrhunderte iiberformten sie die natiirlichen
Gewisserstrukturen mit einer raumgreifenden Wasserleit- und
Speicherinfrastruktur, um das lokale Energieangebot fiir eine
kontinuierliche Produktion verfiigbar zu halten. Der Kartenaus-
schnitt der Ennepe zeigt diese dichte Folge kleiner Wasserkraft-
betriebe mit ihren wasserbaulichen Strukturen, die im Wechsel
der Jahreszeiten unterschiedliche Funktionen erfiillten (Abb. 3).

Flussaufwirts der Betriebe staute ein Wehr einen Teil des
Flusswassers ab, das der Miihlgraben einem Wasserreservoir zu-
leitete. Dieser Stauteich sammelte in der Nacht Wasser, um es zu
Zeiten des Produktionsbetriebs am Tage reguliert durch die An-
triebsmaschine zu leiten. Schiebeartige Vorrichtungen, die so-
genannten Schiitze, sorgten dafiir, dass das Betriebswasser nicht
schwallartig, sondern gleichmifig in die Antriebsmaschine ein-
lief. Bei Hochwasser musste der Betreiber der Wasserkraftan-
lage allerdings schnell reagieren, die Schiitze am Obergraben
schlieen und den Umlaufgraben 6ffnen, um iiberschiissige Was-
sermengen abzuleiten. In trockenen Sommermonaten wurde der
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Abb.3: Hammerwerke (sternformige Symbole) an der Ennepe im westlichen Sauerland mit zugehdrigen
Stauteichen (ausgefiillte Flachen). Quelle: Miiller 1788

Umlaufgraben wiederum geschlossen, um trotz Wasserknapp-
heiten im Stauteich ausreichend Betriebswasser zuriickzuhalten.
An dieser Technik hielten viele Fabrikant:innen der Region fest,
obwohl mit der Wasserturbine bereits eine Antriebstechnik ent-
wickelt war, die in der Theorie leistungsfihiger war, an das Leis-
tungsoptimum allerdings nur bei gleichmiBiger Wasserzufuhr
herankam. Das Wasserrad reagierte hingegen flexibel auf die
charakteristischen Wasserstandsschwankungen. Wenn eine Tur-
bine bei Hoch- und Niedrigpegel direkt ausfiel, konnte das alte
Wasserrad immer noch eine langsame, aber dafiir ,,gleichfor-
mige* Antriebsbewegung ,,mit derselben Geschwindigkeit™ er:
reichen, die in vielen Kleinbetrieben ausreichte, um die Produk-
tion kontinuierlich am Laufen zu halten (Miiller 1899, S.5).
Die meisten Stauteiche waren als Tagesspeicher konzipiert,
die weder die in regenreichen Jahreszeiten anfallenden Wasser-
iberschiisse bevorraten konnten noch in lidngeren Trockenpha-
sen ausreichend Wasser speicherten. Deshalb hatten die Was-
serkraftbetreiber:innen in den westdeutschen Mittelgebirgen mit
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der Zeit Strategien entwickelt, um ihre Betriebsabldufe an die
wechselhaften Verfiigbarkeiten von Antriebsenergie anzupassen.
So bestanden an den energetisch intensiv genutzten Nebenfliis-
sen zwischen Ober- und Unterliegern rigide Absprachen, um
das Betriebswasser im Tagesverlauf gleichméBig zu verteilen.
Manch ein Fabrikant widmete sich in der trockenen Sommer-
zeit im Nebengewerbe der Landwirtschaft oder Fischerei; andere
nahmen an ihrer Wasserkraftanlage notwendige Wartungs- und
Reparaturarbeiten vor, um Maschinen und Wasserbauten auf die
,rauhe Jahreszeit™ vorzubereiten (0. A. 1899, S.92); viele Fabrik-
ant:innen verarbeiteten aber auch Halbfabrikate, die sie in Pha-
sen des kontinuierlichen Wasserzuflusses auf Vorrat produziert
hatten, zu Spezialwaren weiter.

SPECIAL TOPIC - EXPLORING ENERGY SUFFICIENCY

Energiegeschichte aufzeigen und Orientierungswissen anbieten,
um das Nachdenken tiber die grolen gesellschaftlichen Heraus-
forderungen der Gegenwart zu inspirieren und den Horizont ak-
tueller Energiedebatten auszuweiten.

Wie in diesem Beitrag zu zeigen war, haben historische Suf-
fizienzpraktiken, verstanden als bedarfs- und verfiigbarkeits-
orientierte Spar- und Regulierungsstrategien, in unterschiedli-
chen Kontexten des energiehistorischen Prozesses immer wieder
Aktualisierungen erfahren, wihrend sich die konkreten Mittel
kaum verdnderten. Strategien zur effizienten Nutzung oder Ein-
sparung von Energie riickten nicht nur auf die Agenda, wenn
Gesellschaften Versorgungsengpisse befiirchteten. Abseits der
Verkehrsknotenpunkte und Stromnetze blieben die Energiehand-

Uber den Einsatz einer Energieform entscheiden

ldingst nicht mehr nur Maschinenleistungen

und Effizienzkriterien.

Praktiken der Regulierung und Einsparung von Energie wa-
ren in den Mittelgebirgen eine wichtige Voraussetzung, um das
im Jahresverlauf schwankende Wasserangebot effizient zu nut-
zen. Die kleinrdumig organisierten Gewerbeaktivititen fuliten
auf lokalem Energiewissen, das in Anpassung an Arbeitstradi-
tionen und Umweltbedingungen von Generation zu Generation
weitergegeben wurde. Diese bedarfsorientierten Energiesuffi-
zienzpraktiken trugen schlieBlich auch dazu bei, dass sich die
lindlichen Regionen Rheinlands und Westfalens zum Ubergang
ins 20. Jahrhundert ohne den namhaften Einsatz von Kohle und
Dampfmaschinen auf Basis der ortlichen Wasserkréfte indust-
rialisierten.

Eine weitere Triebkraft der regionalen Industrialisierung in
den Mittelgebirgstilern war um 1900 der Bau sogenannter Tal-
sperren. Der Hauptzweck dieser groBtechnischen Wasserspei-
cher bestand anfangs darin, die Wasseriiberschiisse der Quell-
zufliisse im Herbst und Frithjahr zu sammeln, um den Betrie-
ben unterhalb der Staumauer auch in trockenen Jahreszeiten
eine gleichméBige Antriebskraft zur Verfiigung zu stellen. Auf
lange Sicht brach das Talsperrenwesen allerdings mit den etab-
lierten Suffizienzstrategien, da die neuen Speichervorrichtun-
gen die Energieproduktion von den jahreszeitlichen Rhythmen
entkoppelten und dazu beitrugen, zunehmend mehr Energie zu
verbrauchen.

Energiegeschichte als kritische Instanz

Als Historiker:innen liegt es nicht in unserer Kompetenz, den
Wandel zu einem niedrigen und ressourcenschonenden Energie-
verbrauchslevel mit konkreten Handlungsanweisungen zu be-
gleiten. Wir konnen aber die multiplen Entwicklungswege der
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lungen stérker an ortliche Einflussfaktoren gebunden. Lokale
Wind- und Wasserkraftbetreiber standen vor der Herausforde-
rung, ihre dezentralen Energiesysteme an ortliche Arbeitstra-
ditionen und Umweltbedingungen anzupassen. Diese Erforder-
nisse schlugen sich nicht nur in der Dimensionierung der An-
triebsmotoren nieder, sie materialisierten sich auch in neuen
Speicher- und Regulierungsinfrastrukturen, mit deren Hilfe die
schwankende Wind- und Wasserkraft effizient und bedarfsge-
recht in alltdgliche Arbeitsroutinen zu integrieren war. Eine
wichtige Rolle spielten dabei tief in den regionalen Wirtschafts-
formen verankerte Wissensbestinde und Erfahrungswerte im
Umgang mit den lokalen Energietrigern.

Der gegenwirtige Ausbau erneuerbarer Energien entwickelt
sich unter dhnlichen kulturellen und natiirlichen Einfliissen.

Uber den Einsatz einer Energieform entscheiden lingst nicht
mehr nur Maschinenleistungen und Effizienzkriterien. Zufrie-
denstellende Antworten auf die dringenden Fragen nach 6ko-
nomischer Effizienz, gesellschaftlicher Akzeptanz und 6kologi-
schen Folgen des Energieeinsatzes miissen im Zusammenhang
betrachtet werden. Entsprechende Einsichten sind wichtig, um
einem in Ingenieurdebatten immer noch verbreiteten Glauben an
den ,technological fix*‘ entgegenzutreten, dem die Priamisse zu-
grunde liegt, der Weg in nachhaltige Energiezukiinfte sei allein
auf Grundlage technikwissenschaftlicher Expertise zu erreichen
(Moss und Weber 2021).

In den Fallbeispielen waren historische Suffizienzpraktiken
vor allem dann wirksam, wenn (a) lokales Energiewissen, (b)
aktive Wind- und Wasserkraftbetreiber:innen und (c) dezentrale
Energieversorgungsstrukturen zusammentrafen.

(a) Mit der zentralisierten Elektrizitdtswirtschaft ist viel all-
tiagliches und lokales Energiewissen verloren gegangen oder es
wird von einer kleinen Expert:innen-Gruppe gesteuert. Der his-

TATuP - Zeitschrift fir Technikfolgenabschatzung in Theorie und Praxis (2022) 31/2: 56-63




SPECIAL TOPIC - EXPLORING ENERGY SUFFICIENCY

torische Riickblick hat auf die vielfdltigen Formen lokaler und
regionaler Suffizienzstrategien hingewiesen, die heute gewisser-
maflen zur Blackbox geworden sind. Die Fallbeispiele sensibili-
sieren dafiir, dass das Wissen iiber die wechselhaften Verfiigbar-
keiten von Wind- und Wasserkraft fiir einen bedachten Umgang
mit Energie von zentraler Bedeutung war und es voraussichtlich
auch in Zukunft fiir die Umsetzung wirksamer Suffizienzstra-
tegien sein wird. Energiewissen muss wieder stidrker im Alltag
verankert und auf die Vielfalt lokal variierender Einflussfakto-
ren (Grundrechtsfragen, Naturrisiken, Konfliktpotential etc.) ab-
gestimmt werden. Historische Energieforschungen kénnen diese
gegenwirtige Herausforderung aus einer breiteren historischen
Kontextualisierung heraus betrachten. Auch eine interdisziplinidr
angelegte Strategie zur Wissenschaftskommunikation in die Ge-
sellschaft hinein kann einen Beitrag leisten, um das Bewusstsein
fiir Energiewissen zu schérfen.

(b) Anfang der 1980er-Jahre prigte der Futurist Alvin Toff-
ler den Begriff der ,prosumer* fiir Personen, die nicht nur kon-
sumieren, sondern aktiv mit einer Sache interagieren (Toffler
1980). Auch die Energiekonsument:innen in unseren Fallbei-
spielen nahmen ihre Energie nicht passiv entgegen. In ihren de-
zentralen Energiesystemen traten sie als prosumer auf, die Ener-
gie eigenstindig produzierten, ihren Energiekonsum aktiv und
selbstbestimmt gestalteten und sich dabei mitunter auch den In-
tentionen der Stromerzeuger und Geritehersteller widersetzten;
etwa wenn die Betreiber:in ihre dezentrale Wind- oder Wasser-
kraftanlage nicht an das Verbundnetz koppelte, weil sie eine au-
tarke Energieversorgung anstrebte; oder wenn sie nicht die ver-
meintlich leistungsfidhigere Antriebstechnik einbaute, weil die
bestehende Antriebskraft auf die Fertigungsabldufe abgestimmt
war.

Die Perspektive auf die prosumer der Vergangenheit ldsst
demnach Analogien zur gegenwirtigen Energiewende zu, die
Biirger:innen aktiv mitgestalten. Sie bringen sich in partizipa-
tive Entscheidungsprozesse ein und werden durch den Ausbau
dezentraler Energiesysteme selbst zu Energieproduzent:innen —
von Einzelpersonen oder Familien mit einer Fotovoltaik-Anlage
auf dem Dach bis zum friesischen Bauernhaus, dessen Vor-
garten eine Biogas- oder Windkraftanlage ziert. Die Energie-
wende folgt keiner technischen Eigenlogik, sie ist sozial kons-
truiert.

Diese individuelle Verantwortung miissen wir als prosumer
ernst nehmen, um unsere Energiezukiinfte aktiv zu gestalten.

(c) Diese Verzahnung von lokalem Wissen und prosumer ver-
weist auf die rdumliche Dimension von Energiesuffizienz. De-
zentrale Energiesysteme ermoglichten nicht nur eine autarke
Energieversorgung, die sich dem Preisdruck grofler Konzerne
und der Vulnerabilitdt zentralisierter Netze entzog. Im Riick-
griff auf lokal verfiigbare Wissensbestinde und Materialien lie-
Ben sich erneuerbare Energieformen auch vergleichsweise kos-
tengiinstig betreiben und waren flexibel einsetzbar, etwa wenn
bei Nacht Betriebskraft auf Vorrat produziert wurde. Fiir die
aktuellen Transformationsprozesse kann eben diese Lokalitit
als Chance verstanden werden, um beim Ausbau klein dimen-
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sionierter Energieeinheiten den bedarfsgerechten Umgang mit
lokalen Energieressourcen mitzudenken — etwa wenn sich Ge-
meinden zu Energiegenossenschaften zusammenschlieen oder
wenn beim ,smart metering‘ mittels intelligenter Steuerungs-
und Speichertechnik die Abnahme oder Einspeisung von Ener-
gie in Tageszeiten einer geringen Netzbelastung verlagert wird
(Acatech 2020, S. 15).

Wenn sich Hierarchien und Maf3stabsebenen der Energiewirt-
schaft verlagern, miissen sich aber die Energiepraktiken verin-
dern. Es gilt also, zu einer reflektierten, d. h. wissensbasierten,
Produktion und Nutzung von Energie zuriickzukehren. Im Sinne
der Energiesuffizienz ist daran die Forderung gekniipft, vom
passiven und ubiquitdren Gebrauch von Energie zu einem, an
lokale Verfiigbarkeiten und Notwendigkeiten angepassten, Um-
gang mit Energie zu gelangen. Auf diesen Grundsatz verwei-
sen die identifizierten Suffizienzpraktiken in der Geschichte des
Energiesparens.
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