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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
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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 sustain-
ability 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 Union
Member States to fulfill 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/lmpact 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 dif-
ferent model types. To this end, we screened an exemplary list
of energy modeling approaches from energy supply and demand
models, reviewed model documentation and discussed with
model developers specific modeling logic and potential model
developments to integrate impact chains. These documents and
discussions gave insights into the circumstances under which
impact chains can potentially be implemented endogenously in
models or have to be quantified exogenously. From these, we de-
rived 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 (Success factors, 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

Success factors Success factors

Barriers Barriers Barriers
Risks Risks Risks
Stimulus

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.

—

Success factors

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

Success factors
Barriers
Risks

|

Impact
Direct and indirect effects,
€.g. 0N 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 resulting from a stimulus. Sufficiency is thus a
genuine field for policy design like efficiency and renewable en-
ergy 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
(Success factors, Barriers, Risks)

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

meetings
+ purchase of online meeting software
Potential risks: scientific productivity of
researchers (meetings /conferences, talks) -
exemption rules for well-reasoned flights

#unter1000 campaign of  Strong admin. motivation & support:
ScientistsForFuture + Sustainability management
researchers & institutions (established structures)
resign to short-haul flights - administration incl. president

- climate neutrality goal, university

as a sustainability pioneer Acceptability by staff

Impact

Activity Output Outcome

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

Inputs
mmunication of
measure via faculties
Press information

Changes to business

trip application form
Definition of exemption
/ hardship cases
Changes to mobile
working regulation

(travel time can be
working time)

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

Cost increases
(rail and hotel)

—))|

Reduction of climate
4 impacts (emissions,
aerosols )

Reduction of air and
‘ = noise pollution
Positive internal/
external spillover effects
T

Actors, affected people:
All university staff going on business trips,

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 modeling approach and logic.

Whether and to what extent such impact chains can be en-
dogenously modeled 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 modeled changes
enter the entire modeling 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
b)
Impact chain
Model
Impact chain
0 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

‘ ‘\ctivity

Establishment of I

climate-friendly
mobility services

w Improvement
User survey

m Available headquarter site

Location at central bus hub
b Available platform b Work-intensive
existing car-sharing platform

=

v

Output

Research and
preparation of sites

Development of rental
system
Development
terms of use
Pedelec procurement

Garage boxes:
rocurement & set-up

Publicity: newspaper
article, word of mouth

Cost coverage for staff,
maintenance, repair,
assurance

Pickup and return

District citizens,ftake-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
of other measures

Actors, affected people:

Improvement of district

attractiveness

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 modeling. 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 modeling 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),

TATuP - Zeitschrift fiir Technikfolgenabschétzung in Theorie und Praxis (2022) 31/2: 40-47

Source: authors’ own compilation

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 existing/future transport network infrastructures (as
DEMO, Quetzal_Germany (Arnz 2022), or MATSIM (Horni
et al. 2021)), policies that directly alter the transport network
can be modeled (e.g. build-up of new rail connections, car-free
zones, limitation of air connections). As these model choices
also base on costs and time, monetary instruments that affect
costs for specific trips (fuel taxes, road tolls) or such that affect
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travel time (rail connection speed, speed limits) can be mod-
eled. 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 policy can be endogenously modeled depends on the
specific impact chain and its match with the specific modeling
framework under consideration.

Where endogenous modeling is not possible, but the policy
impact shall be modeled, 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 mobil-
ity is not explicitly modeled and bicycles/pedelecs are not rep-
resented 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 modeling 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 increases
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 modeling 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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