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1

The Problem
"The greatest enemy of the new order is he who took advantage of the old."“
Niccolò Machiavelli (1469 bis 1527), Italian philosopher, politician and writer

Sustainable development requires a change in the way natural resources are used and places high
demands on the performance and transition capacity of national economies. These ambitious goals
make it necessary to link environmental policy requirements with innovation policy issues. What dis
tinguishes "eco-innovations" as defined in the EU Eco-Innovation Action Plan (European Commission,
2011) from "normal" innovations is their contribution to reducing environmental pollution, strength
ening resistance to environmental stress and the sustainable use of natural resources.1
For many years, environmental innovations have played an important role in German politics when it
comes to the question of how ambitious environmental protection goals can be achieved while at
the same time taking advantage of employment and growth opportunities. The discussion often
takes place in individual lead markets in which environmental innovations are intended to contribute
to the achievement of environmental and economic goals. To this end, the German government reg
ularly updates the German sustainability strategy, first published in 2002 (Die Bundesregierung,
2017). However, the actions of the federal government under Merkel are often inconsistent and
changing environmental and economic policy objectives have led to an exodus of the German photo
voltaic industry at the beginning of the decade. The number of people employed in solar energy fell
from 156,700 in 2011 to just 42,800 in 2017 (Umweltbundesamt, 2019).Several times the number of
jobs in lignite was lost here. The wind power industry is also currently struggling to survive (Zu
Klampen, 2019). The number of jobs in this sector has also already fallen significantly from its maxi
mum of 161,000 in 2016 (Umweltbundesamt, 2019).
However, as research on environmental innovations shows, German environmental innovation policy
faces two central challenges:

(1.) The diffusion of environmental innovations is often slow and environmentally friendly new
products and services often do not achieve a high market share.
Approximately two thirds of all environmentally friendly product and service innovations launched
on the market in recent years have only a small degree of diffusion of up to 15%. Thus, they only
achieve a fraction of the environmental relief that would be possible with high or complete diffusion.
A sample of 130 environmental innovations shows this in relation to the indicator "diffusion dynam
ics", which measures the promoting and inhibiting factors of diffusion (Clausen & Fichter, 2019a). In

1

The terms "eco-innovation" and "environmental innovation" are used synonymously here. They include tech
nical as well as social, institutional, organisational and business innovations.
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the field of energy efficiency, for example, both diffusion dynamics and the degree of diffusion could
be determined for 21 products and product-service systems (Clausen & Fichter, 2018, S. 120):

Figure 1: Diffusion of environmental innovations in Germany in the field of energy efficiency

Source: Fraunhofer ISI (Clausen & Fichter, 2018, S. 120).

As the figure clearly shows, only a few innovations promoted by the European Union's Ecodesign Di
rective, which is effective in terms of regulatory policy, achieve high levels of dissemination. In partic
ular, system innovations such as heating networks or their components such as mobile heat and
smart metering diffuse slowly and show only a low diffusion dynamic.

(2.) The diffusion problem arises above all with radical system innovations
“Radical system innovations" (cf. Section 2) refer to those that involve fundamental changes to entire
supply systems (electricity generation, distribution and usage systems, building-related heat supply
systems, etc.) or product-service systems (PSS) such as electromobility. The realisation of such sys
tem innovations is characterised by significantly higher technical, social and institutional complexity
and stronger path dependencies than is the case, for example, with individual technical component
innovations such as highly efficient washing machines or LEDs for room lighting. It is therefore not
surprising that fundamental system innovations are more difficult to implement and generally spread
much more slowly or not at all. However, since fundamental system innovations in particular prom
ise high contributions to emission reduction, climate protection and resource conservation, eco-inno
vation policy needs effective strategies and governance mechanisms to stimulate them and ensure
rapid and broad diffusion.
2

The implementation of environmentally harmful radical systemic innovations is not limited to the dif
fusion of individual product or service innovations, but includes the fundamental change of entire
supply systems (electricity, heat, food, etc.) and product-service systems (e.g. in the area of mobil
ity). This requires an orchestration of the systemic interaction of different environmental innova
tions, requires the identification of complementarities, synergies and competition between individ
ual solutions and their placement in an effective transition concept.
The project "Governance of Radical Environmental Innovations (Go): New Governance Mechanisms
in Eco-Innovation Policy: The Role of the Activating State in Radical System Innovations" starts at this
point and aims to answer the following research questions:

(1.) What insights do previous cases of governmental activation attempts for environmentally
friendly radical system innovations provide with regard to the conditions of success and fail
ure?

(2.) What was the role of the state in the case studies examined and which political instruments
prove to be particularly effective in the context of which lobbying structures?

(3.) Which context- and actor-related conditions and factors are central and to what extent can
these be transferred to a transformative environmental policy in Germany?

(4.) Against this background, how are concepts of the activating and coordinating state on the one
hand and of transition field-related innovation communities on the other to be assessed?

(5.) How must an orchestration of policy strategies, policy instruments and actor roles look like, so
that a radical environmentally friendly system transition of the building-related heat supply in
Germany can succeed?
The present paper builds on the theoretical study of the "Go" project presented in spring 2019
(Clausen & Fichter, 2019b) and further develops the transition approach presented there against the
background of the findings of the seven case studies also prepared and published in 2019 (see Table
1 ). The case studies focused on steering attempts by various states to implement radical system in
novations in political, social and economic terms.

3

2

Radical system innovations that reduce environmental impact

The literature distinguishes different types of innovations. The project "Go" focuses on innovations in
market-related goods, i.e. on product and service innovations and their combinations. In the first in
stance, it is essential to differentiate between incremental innovations that do not fundamentally
change a product or service, and basic or radical innovations. We define radical innovation as
▪

a completely new or materially substantially altered product or service, or

▪

a fundamentally new business model used in connection with it, which is associated with funda
mental institutional or organisational discontinuities.

Other terms have emerged around the concept of radical or fundamental innovation. Freeman and
Perez (1988), for example, describe the change of technological paradigms as technological revolu
tions, a term that corresponds to Schumpeter's theory of long waves and can also be linked to the
idea of Kondratieff cycles.
The diversity of innovative (and non-innovative) products and services is embedded in socio-tech
nical systems. Already Nelson and Winter (1982) introduced the concept of technological regimes,
which referred to common cognitive routines in an engineering community and explained the devel
opment of innovations along "technological trajectories". However, scientists, policy makers, users
and other interest groups also contribute to shaping technological change. Bijker (1995) therefore
developed the concept of the socio-technical regime. As an example of a technical system, Unruh
(2000, S. 822) mentions cars and individual transport, a system that includes many other technical
components in addition to the supply industry, the oil industry and road construction. Understood as
a socio-technical system, individual transport is expanding to include its users and interest groups,
such as the General German Automobile Club (ADAC), as well as policy-related lobby groups such as
the German Association of the Automotive Industry (VDA) and their close ties to politics.
In our understanding, the term system innovation refers to a socio-technical system and describes
significant changes or innovations of these systems. They usually affect several industries and can
also lead to the emergence of completely new sectors (Freeman & Perez, 1988). The fundamental
change of the system requires not only the diffusion of individual product or service innovations, but
also the orchestration of the systemic interaction of different product and service innovations and
the identification of complementarities, synergies and competition between individual solutions and
their placement in an effective transition concept.
As a third component of the definition of radical system innovations that relieve the environment,
the concept of environmental relief should be defined. We consider any innovation to be environ
mentally friendly "which brings about or aims at substantial and verifiable progress towards the goal
of sustainable development by reducing environmental pollution, strengthening resistance to envi
ronmental change or achieving a more efficient and responsible use of natural resources" (Clausen &
Gandenberger, 2018).
A radical system innovation that reduces environmental pollution can thus be described as follows:
4

▪

It is environmentally beneficial because it brings about substantial and demonstrable progress
towards the achievement of environmental objectives of sustainable development,

▪

it involves major changes in the technological knowledge base and materialises in completely
new products, services, business models or combinations thereof and,

▪

it alters socio-technical systems such as supply systems (electricity, heat, proximity) or productservice systems such as mobility to a significant extent and possibly beyond the boundaries of
sectors and can also lead to the emergence of completely new sectors as well as the disappear
ance of previously established technologies, behaviour or cultures (exnovation).

The term "radical system innovation" is equated here with the term "radical system transition" and
used synonymously, even though the terms "innovation" and "transition" come from quite different
theoretical discourses and research directions.
In the course of the project we have investigated the following cases of transition, whose character
as an environmentally friendly radical system innovation is shown in the following table:

Table 1: Case studies of the transition of large supply and product use systems
System innova
tion

Radicality

System character

Environmental relief

Power generation
from renewable
energies in Ger
many (Clausen,
2019a)

Completely new technolo
gies for the generation of
wind power, solar power,
etc. completely replace es
tablished technologies such
as electricity from coal.

The previous centralised and
often oligopolistic structure is
being replaced by decentral
ised production, storage and
distribution with often new
ownership structures.

The greenhouse effect
of burning fossil fuels
is avoided.

Heat supply Swe
den (Clausen &
Beucker, 2019a)

Previously less used energy
sources like biomass, but
also completely new tech
nologies like heat pumps are
replacing established tech
nologies like oil heating.

The free choice of heating
technology for each building
is no longer necessary, the
market for individual heat
generators is significantly re
duced, and new markets for
heat pumps and heat net
works are emerging.

The greenhouse effect
of burning fossil fuels
is avoided.

Heat supply Den
mark (Clausen &
Beucker, 2019b)

Previously less used energy
sources such as biomass,
but also completely new
technologies such as large
solar thermal systems with
seasonal storage etc. are
completely replacing estab
lished technologies such as
oil and gas heating systems.

The free choice of heating
technology for each building
is no longer necessary, the
market for individual heat
generators is significantly re
duced, and new markets for
heat pumps, heating net
works, large solar thermal sys
tems and seasonal storage are
emerging

The greenhouse effect
of burning fossil fuels
is avoided.
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System innova
tion

Radicality

System character

Environmental relief

Car electromobil
ity in Norway
(Clausen, 2019b)

The complete fossil drive
train of previous passenger
cars will be replaced by bat
tery and electric drive.

The role of suppliers, OEMs
and start-ups in the automo
tive industry is changing sig
nificantly, gas stations will dis
appear in the long term and
both car handling and charg
ing will have to be relearned.

The greenhouse effect
of burning fossil fuels
is avoided.

Conversion of the
city of Copenha
gen into a bicycle
city (Clausen,
Warnecke &
Schramm, 2019)

Car traffic, which increased
strongly until the 1970s, was
reduced by, among other
things, the reduction of
parking facilities.

The systematic development
of bicycle lanes with the aim
of shifting the modal split, but
also of increasing safety and
speed, is systematically
changing mobility in Copenha
gen.

The greenhouse effect
of burning fossil fuels
is avoided and the
health of the popula
tion is demonstrably
promoted.

Promotion of the
expansion of re
newable heat
supply in BadenWürttemberg
(Clausen &
Warnecke, 2019)

Stronger increase in the pro
portion of renewable heat in
Baden-Württemberg than
the German average.

The funding programmes in
clude solutions for individual
buildings as well as heat sup
ply systems for entire villages.

The greenhouse effect
of burning fossil fuels
is minimally reduced.

Organic farming
in the Indian fed
eral state of Sik
kim (Clausen &
Olteanu, 2019)

Instead of intensive agricul
ture with its integrated
technology systems, organic
farming is being applied to
100% of the agricultural
land in the entire state.

By breeding and spreading ro
bust varieties and promoting
closed nutrient cycles, agricul
ture is being developed and
ecotourism is being estab
lished in parallel.

The harmful effects of
pesticides and fertiliz
ers on biodiversity and
water quality are being
significantly reduced
and biodiversity is
maintained.

Source: Authors.

Behind each of the system innovations listed here are a variety of technical innovations, some of
which have the character of radical innovation. The ecological effects of the system innovations
listed here have been investigated in many different ways. The degree of diffusion of the respective
product and service innovations was used as a measure of the ecological success of the system tran
sition through governance mechanisms. The case studies focused on the development of governance
mechanisms for the dissemination and implementation of these system innovations.
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3

Method

3.1

Working steps

The evaluation of the case studies is done in four steps:
Step 1: Characterisation of the examined system innovations on the basis of essential parameters of
the system size (number of people affected by the change of the system, economic volume of the
transition) and the temporal development of the transition (cf. chapter 4).
Step 2: Analysis of the strategies and instruments used by state actors to initiate and manage system
transition (cf. Chapter5). The classification of state strategies and instruments used, developed in
section 3.2, is used here.
Step 3: In the third step, a reflection on the research questions of the project is carried out, with par
ticular emphasis on the orchestration of the use of political instruments as presented in the theory
study (Clausen & Fichter, 2019b, S. 52ff) (cf. chapter 6). In this analysis, not only the activities of state
transition, i.e., change-oriented action, are considered, but also various counter-strategies with
which interested parties seek to hinder change (Clausen & Fichter, 2019b, S. 39, 55). Furthermore, it
is analysed how the different levels of governance can support or hinder each other. It also addresses
the connections between the object of transition, i.e. radical system innovation, and the course of
transition.
Step 4: In the last step, a summarising assessment is made and consequences for eco-innovation pol
icy are derived (cf. Chapter 7).

3.2

Classification of public policies and instruments used

For the analysis of the state strategies and instruments used in system transition, an appropriate
classification is necessary. Building on the theoretical preliminary work (Clausen & Fichter, 2019b),
we refer to Kivimaa and Kern (2016), who base their systematization of the political instruments on
work on multi-level perspectives, techno-logical innovation systems and strategic niche manage
ment. In several aspects, they expand the classical understanding of state intervention (Kivimaa &
Kern, 2016, S. 208) and consciously use Schumpeter's concept of "creative destruction":
▪

They subdivide the state's options for action according to the fundamental objective of promot
ing the emergence of innovations and niches on the one hand ("creative niche support") and the
destabilisation and dismantling of established non-sustainable systems ("de-construction / re
gime destabilisation)" on the other (Kivimaa & Kern, 2016, S. 208).

▪

They emphasise the fundamental importance of a clear framework and direction, which should
guide thinking and searching strategies towards sustainable solutions on a fundamental level.
Furthermore, they establish a connection to support and legitimise new solutions.

▪

In addition to the importance of financing possibilities and risk capital, which was already empha
sized in Rubik (2002, S. 331), they integrate the promotion of entrepreneurship and start-ups,
7

which has been repeatedly emphasized as an important element since the beginning of the mil
lennium (Clausen, 2004; Petersen, 2003; Schaltegger, 2002; Schaltegger & Petersen, 2000; Weiß
& Fichter, 2013), into the spectrum of niche management instruments.
▪

Furthermore, like Clausen and Fichter (2019a), they emphasise the importance of the cost-bene
fit ratio of innovations and see R&D activities aimed at developing learning effects and reducing
costs also as an instrument for preparing transition.

▪

They extend the spectrum of instruments for destabilisation via the economic instruments of
taxes, levies and subsidies for changing relative prices to the possibilities for changing basic sys
tem rules (such as the change in the rules of the electricity market in 1998 (Kivimaa & Kern,
2016, S. 209) as well as the targeted modification of network structures by the state, which can
relate, for example, to the targeted reduction of the influence of lobbyists from established re
gimes in political advisory circles.

For their analysis of the political spectrum of action in the context of transition processes towards
sustainability, they use the following analytical framework with 11 categories of possible state action.

Table 2: Analytical framework by Kivimaa & Kern for the analysis of „policy mixes for transition“
„Creative (niche support)“

„Destruction „regime destabilisation“

C1: Knowledge creation, development and diffusion

D1: Control policies

C2: Establishing market niches/market formation

D2: Significant changes in regime rules

C3: Price-performance improvements

D3: Reduced support for dominant regime tech
nologies

C4: Entrepreneurial experimentation

D4: Changes in social networks, replacement of
key actors

C5: Resource mobilisation
C6: Support from powerful groups/legitimation
C7: Influence on the direction of search
Source: Kivimaa & Kern 2016, S. 208/209.

The analytical framework developed by Kivimaa & Kern (2016) is very well suited for the purpose of
our research project and the cross-case evaluation of the "policy mixes for transition". However, in
view of the specific systemic character of our research object and the technical infrastructure neces
sary for the development of supply and product-service systems (electricity grids, heat grids, logistics
infrastructure, etc.), we see the need to extend this framework by a 12th element and add a further
function or class of instruments, namely "infrastructure development" as a transformative instru
ment of political action.
Furthermore, in view of the seven case studies carried out, we see the need to divide the instrument
group "D.1 Regulatory Law, Taxes and Charges" ("control policies") into two independent groups.
Our case studies show that the use of "regulatory law" on the one hand and "taxes and duties" on
8

the other hand can be analytically recorded separately and that these groups are used differently in
our cases, so that an explicit distinction seems justified.
A further adjustment of the analytical framework of Kivimaa & Kern seems to us to be useful for the
instrument group "D3: Reduction of support for dominant technologies", as this group concerns dif
ferent policy areas. While the option of reducing R&D support for selected established technology
lines, which is included in this group, concerns research and innovation policy, the area of subsidy
reduction in the use of these technologies (production, product use), which is also assigned to this
group by Kivimaa & Kern, is more likely to be assigned to economic policy and is usually used in other
phases of a technology or product life cycle. For the purposes of our analysis, we assign the reduction
of subsidies for the use of certain technologies identified as unsustainable to the functional class
"taxes and duties" and retain a separate instrument group "reduction of R&D funding for unsustaina
ble technologies and systems".
For our analysis purposes, we also change the order in which the instrument/functional groups are
listed, as this seems to us to be only partially consistent at Kivimaa & Kern. We now assume an idealtypical chronological order of the use of instruments from the perspective of the state. It is clear to
us that the functions/state measures do not usually have to be sequential, but in some cases parallel
and recursive. Therefore, this "ideal-typical" sequence has a rather fictitious character.
For the cross-case analysis of our case studies, we therefore use the following analytical framework:

9

Table 3: Classification of possible policy instruments in system transitions
„Creative (niche support)“

„Destruction „regime destabilisation“

C1: Influence on the direction of search

D1: Changes in social networks, replacement of
key actors

C2: Resource mobilisation

D2: Significant changes in regime rules

C3: Knowledge creation, development and diffusion

D3: Taxes, duties, including reduction of subsi
dies

C4: Entrepreneurial experimentation and entrepre
neurship support

D4: Regulatory law

C5: Support from powerful groups/legitimation

D5: Reduced support for dominant regime tech
nologies

C6: Establishing market niches/market formation
C7: Deployment of Infrastructure
C8: Price-performance improvements
Source: Authors based on Kivimaa & Kern (2016).
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4

Differences between the cases examined

4.1

Size of the investigated systems

It seems plausible that systems that cover a large population and involve markets with very high
turnover are more difficult to transform than small systems that involve fewer people and in which
smaller amounts of money are moved. In the following, therefore, an attempt will be made to de
scribe the size of the seven systems studied using two leading indicators: Firstly, the number of peo
ple affected by the change in the system and, secondly, the market transaction value (turnover vol
umes) that is implemented in the respective system within a defined time (per year). In particular,
the question of turnover volumes is difficult to clarify in detail, which is why only a rough estimate of
the magnitude is given below.
In Germany, approximately 650 TWh of electricity are generated annually (Statistisches Bundesamt,
2019a). In recent years, the stock exchange price for electricity has fluctuated around an average
value of approx. 40 €/MWh (Fraunhofer ISE, 2019), which corresponds to a production value of ap
prox. 26 billion €. However, the turnover of the industry is much higher. The German Federal Statisti
cal Office reports a turnover of 450 billion € for the electricity supply companies in 2017 (Statis
tisches Bundesamt, 2019b, S. 8). We use the latter figure as an indicator of the market transaction
volume of the electricity supply system in Germany. The core of this immensely large market is being
transformed by the energy system transition and industry turnover is thus a measure of the volume
of the transition.
In 2017, the 11 million people in Baden-Württemberg consumed approx. 7.26 MWh of energy each
in the form of heating oil, natural gas and other heating gases (Statistisches Landesamt Baden-Würt
temberg, 2019). Across the state this amounts to approx. 80 TWh, which at an average price of 8
cents/kWh (Forum Energii, Agora Energiewende & DBDH, 2018) corresponds to a turnover of approx.
6.4 billion €.
In Sweden, the heat consumption for heating and hot water is stated as 80 TWh (Clausen & Beucker,
2019a, S. 6). The average heat price is approx. 8 cents/kWh (Sköldberg & Rydén, 2014, S. 43), which
results in annual sales of approx. € 6.4 billion.
In Norway, approximately 150,000 new passenger cars were registered in 2018 (Carsalesbase.com,
2019). At a pre-tax price of approx. €25,000 per vehicle, this would correspond to an annual turnover
of approx. €3.75 billion before tax - although this could be the same amount in Norway.
Danish households consumed approx. 40 TWh of heat for heating and hot water in 2016 (Danish En
ergy Agency, 2018). Based on an average heat price of 8 cents/kWh (Forum Energii et al., 2018), this
results in a turnover of heat to end customers of about € 3.2 billion.
It is difficult to estimate the expenditure of the 1.3 million inhabitants of Greater Copenhagen on lo
cal transport. Although there are indications of the share of mobility costs in average incomes, there
is no indication of what share is spent on local mobility. In view of the jungle of local public transport
tariffs in Copenhagen, a yearly ticket Hamburg AB at a monthly subscription cost of 89.50 is used as a
11

substitute. This results in an annual cost of 1,074 € per person. With 1 million paying persons, this
would result in a quite theoretical volume of the local transport market of approx. 1.1 billion €.
Sikkim generates a gross domestic product of 12 billion rupees in agriculture (KNOEMA Weltdatenat
las, 2019), which at an exchange rate of 1 rupee = 1.3 cents equals about 150 million €. This is the
only non-OECD area where the magnitude of this figure is not comparable locally due to differences
in purchasing power. The incentive to become self-employed with regard to the locally emerging
market in Sikkim, e.g. by founding a trading company specialized in organic goods, is therefore not
correctly reflected by the market transaction value given here. It is different with the value that the
agricultural market of Sikkim has for example for the international agricultural companies with their
pesticide and fertilizer offers. From this perspective, the size of the market is again correctly indi
cated.

Table 4: Size of the investigated systems in comparison
System innovation

Number of peo
ple affected in
million

Considered system

Market transac
tion value (sales
volume) of the
system to be
transformed per
year in billion €

Power generation from renewable energies
in Germany (Clausen, 2019a)

83

Power generation
in Germany

450

Promotion of the expansion of renewable
heat supply in Baden-Württemberg
(Clausen & Warnecke, 2019)

11

Heat supply in Ba
den-Württemberg

6,4

Heat supply by renewable district heating or
heat pumps in Sweden (Clausen & Beucker,
2019a)

10,2

Heat supply in
Sweden

6,4

Car electromobility in Norway (Clausen,
2019b)

5,3

New car sales in
Norway

3,75

Heat supply by renewable district heating in
Denmark (Clausen & Beucker, 2019b)

5,7

Heat supply in
Denmark

3,2

Conversion of the city of Copenhagen into a
bicycle city (Clausen et al., 2019)

1,3

Local mobility in
Copenhagen

1,1

0,6

Farming in the In
dian federal state
of Sikkim

0,15

Organic farming in the Indian federal state
of Sikkim (Clausen & Olteanu, 2019)

Source: Authors.

The scale of the various systems that were the subject of transition policies varies greatly. They range
from the number of people affected, from 600,000 inhabitants in Sikkim to 83 million in Germany.
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With regard to the different measures of the markets, the spectrum even ranges from 1:3000 from
150 million € gross domestic product in the agricultural sector in Sikkim to a turnover of 450 billion €
in the electricity sector in Germany.
These very different scales may be one of the explanations for the fact that the instrumentation of
the "big" transition processes is much more differentiated than that of the "small" ones, and that the
debate about lobbying interests over the electricity markets in Germany is also much tougher than
over bicycle traffic in Copenhagen.

4.2

Temporal development of the transition

The seven transition processes that we are investigating for the implementation of radical environ
mentally beneficial system innovations are only a small sample. Nevertheless, a few facts can be de
duced from them. A central finding is that the speed of transition of such large systems is limited.

Table 5: Status of transition and speed of change
System innovation

Organic farming in the Indian
federal state of Sikkim (Clausen
& Olteanu, 2019)

Transition
status
2018

Progress in
percent
age points
in X years

Progress
per year in
percent
age points

Unit

Share of organic farming on
of total agricultural land

100%

100 in 10
years

10

88%

63 in 30
years

2,1

Share of non-fossil energy in
district heating networks

99%

54 in 30
years

1,8

Share of renewable and dis
trict heating in energy con
sumption for heating and
hot water

Power generation from renewa
ble energies in Germany
(Clausen, 2019a)

41%

34 in 20
years

1,7

Share of renewable energy
in total electricity genera
tion

Car electromobility in Norway
(Clausen, 2019b)

14%

14 in 10
years

1,4

Share of BEV and PHEV in
the Norwegian car fleet

62%

29 in 30
years

0,97

Share of renewable heat in
the heated area

50%

25 in 30
years

0,83

Share of heat networks in
the heated area

36%

12 in 45
years

0,27

Heat supply by renewable dis
trict heating or heat pumps in
Sweden (Clausen & Beucker,
2019a)

Heat supply by renewable dis
trict heating in Denmark
(Clausen & Beucker, 2019b)

Conversion of the city of Copen
hagen into a bicycle city
(Clausen et al., 2019)
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Share of the modal split in
the core city

System innovation

Promotion of the expansion of
renewable heat supply in Ba
den-Württemberg (Clausen &
Warnecke, 2019)

Transition
status
2018
16%
(Ba.-Wü.)
14%
(federal)

Progress in
percent
age points
in X years

0 in 15
years

Progress
per year in
percent
age points

0

Unit

Share of renewable energies
in final energy consumption
for heating and cooling as
opposed to the national av
erage (percentage points)

Source: Authors.

The fastest process seems to have taken place in the Indian state of Sikkim. In only 10 years, the en
tire agricultural area there was certified as organic, i.e. at a rate of 10% p.a. It should be noted that in
Sikkim, never much artificial fertiliser and pesticides have been used, as these were sold at a price
hardly affordable for the farmers and were therefore subsidised. Ultimately, Sikkim has not carried
out a transition of the agricultural cultivation system in the narrower sense, but has instead "turned
weakness into strength", removed the already low consumption of artificial fertilizers and pesticides
from the system, completely certified the areas as organic and skilfully used this as a national
strength in the development of eco-tourism. The comparability of the Sikkim case with the other
cases must therefore be judged as limited.
In Denmark and Sweden, a rate of expansion of the heating networks and renewable heat sources of
1% to 2% p.a. was achieved. The German energy system transition in the electricity supply sector has
progressed at a rate of approx. 1.7% p.a. since 2000, but currently seems to be coming to a standstill.
In the second slowest case, the conversion of Copenhagen into a bicycle city, the "speed of transi
tion" is just 0.27% p.a. shift of the modal split towards bicycle traffic. Norway, with an increase in the
share of battery electric and hybrid cars in the car fleet, achieved a transition speed of about 1.4%
p.a.
At the bottom of the list is the case of Baden-Württemberg, which was unable to change its lead
(from 8% to 16%) over the national average (from 6% to 14%) of 2 percentage points in 15 years de
spite additional state-specific programmes. It can be assumed that under the "glass lid" of an not am
bitious policy of the CDU-led federal government since 2005 it has not been possible to achieve addi
tional progress at state level. Measured by the difference to the federal average (in percentage
points), the additional state-specific programmes have apparently not been able to develop any fur
ther effects worth mentioning.
It would still be critical to ask whether the speed of transition could possibly have been reduced by a
change of political course. One might mention the effect of deregulation and the lowering of climate
protection ambitions by the neoliberal Danish government under Rasmussen between 2001 and
2006, which, however, had hardly any dampening effect on the transition of the heat supply, but ra
ther had an impact on electricity generation (Eikeland & Inderberg, 2016). Already in 2006, due to
broad public resistance, Rasmussen's second cabinet fundamentally changed its policy and returned
to an ecologically ambitious agenda (Eikeland & Inderberg, 2016). In Sweden, too, power generation
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was more the subject of political changes, especially a recurring back and forth about the future of
nuclear power (Clausen & Beucker, 2019a, S. 20), which obviously had a dampening effect on the de
velopment of wind power, but hardly on the switch to renewable heat.
Changes of course can be observed in Germany in the form of the re-entry into nuclear power from
2010 to 2011 as well as the photovoltaic amendment of the EEG from 2012, the introduction of dis
tance rules for wind turbines and the tendering procedure for renewable energy projects introduced
in 2017. Their effectiveness in delaying the transition can be rated as extremely high, particularly in
the case of the photovoltaic amendment, the tendering procedure and the current threat of collapse
of the wind energy sector (Umweltbundesamt, 2019; Zu Klampen, 2019).
However, a look at the development over time reveals clear findings. The radical transition of large
supply systems will take decades. Once a new path has been chosen, it must be followed for 50 to
100 years to transform the entire system. It may also be faster, but an example of such a process,
which is still much faster, has not yet been documented. Here a contradiction to the hesitation of the
governments with clear measures appears. Because far greater speeds of transition are needed to
limit climate change. Depending on the beginning of a trend reversal of global emissions, Wicke et al.
(2010) calculate necessary reduction rates of CO2 emissions of up to 9% per year. Based on the resid
ual budget approach, Rahmstorf (2019) also believes that reduction rates of about 7% are necessary.
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5

Analysis of the use of political instruments in transition cases
studied

The following chapter first provides an overview of the use of different types of instruments in the
governance efforts of state actors and identifies basic patterns of interaction between different pol
icy measures (policy mix). Subsequently, the different types of instruments are discussed in detail.

5.1

Overview of the use of different instrument types

The cross-case evaluation of the seven transition cases shows that 12 of the 13 instrument types on
which the analysis is based have been applied in state transition efforts. Only policy instrument D5
(reduction of R&D funding for non-sustainable technologies and systems) could not be identified in
any of the seven cases (see Table 7).
In all cases, clear long-term objectives and plans (C1) as well as measures to legitimise the new tech
nologies or systems in question (C5) play an essential role and thus ensure directional security. An
other type of instrument that can contribute significantly to creating and maintaining directional se
curity, namely the change of network structures and key actors (D1), can be found in four of the six
successful transition cases. The instrument type Establishment of fundamental new regulatory sys
tems (D2), which can contribute to long-term institutional directional stabilization, can be found in
four of the six successful transition cases.
Measures of government support for research and development and knowledge dissemination (C3)
can also be identified in all cases studied. In most cases (five out of seven), this also involves the tar
geted mobilisation of resources (usually financial and promotional funds). On the other hand, the use
of entrepreneurship and start-up support (C4) does not play a significant role in the cases examined,
with the exception of the electricity transition in Germany. Even in the context of the transition of
the electricity system in Germany, targeted start-up support geared to this transition project has so
far been of a rather marginal nature.
Government measures to establish market niches and targeted market formation (C6) can also be
found in all cases studied. Furthermore, the instrument types improvement of the cost-benefit ratio
of new supply and product-service systems (C8) and taxes and duties (incl. reduction of subsidies for
technologies that are recognised as unsustainable) (D3) play a central role in all six successful transi
tion cases. There are indications that instrument types that specifically support the economic frame
work conditions and incentives for the implementation and dissemination of new sustainable sys
tems (C2, C6, C8 and D3) appear to play a fundamental role in the success of fundamental system
transitions.
Changes in regulatory law (D4) also play an explicit role in almost all cases. Only in the case of the
conversion of Copenhagen into a bicycle city did no change in the regulatory law need to be made,
but it was obviously sufficient to make consistent use of the existing regulatory framework. The
change or consequent use of the regulatory law thus played a prominent role in all cases examined.
16

The following basic policy mix patterns can be identified across cases:

(1.) In all cases, clear long-term objectives and planning (C1) and measures to legitimise the new
technologies or systems concerned (C5) play a major role and thus provide directional cer
tainty.

(2.) All successful examples are characterised by an interplay of "creative" and "destruction" in
struments, i.e. they create a synchronisation of innovation or its diffusion on the one hand
and exnovation on the other.

(3.) All successful cases take "hard" economic measures (D3) and use regulatory instruments (D4).
They thus rely on economic incentives and clear regulations.

(4.) In all successful cases the accompanying infrastructure development (C7) plays a central role.
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Table 6: Overview of the use of different instrument types in transition cases studied

Power genera
tion from re
newable ener
gies in Ger
many
Car electromo
bility in Norway

Heat supply by
renewable dis
trict heating in
Denmark

41%

14%

62%

50%
Conversion of
the city of Co
penhagen into
a bicycle city
Promotion of
the expansion
of renewable
heat supply in
Baden-Würt
temberg

36%

16%
(Ba.Wü.)
14%
(Bund)

Share of renew
able energy in
total electricity
generation
Share of BEV
and PHEV in the
Norwegian car
fleet
Share of renew
able heat in the
heated area

D2 Basic new rules

D3 Taxes & duties

D4 Regulatory law

D5 Reducing R&D

10

J

J

J

N

J

J

J

J

J

J

J

J

N

J

J

J

N

J

J

J

J

J

N

J

J

N

2,1
30 Years
1989 2019
1,8

20 Years
(1998 2018)

1,7

J

J

J

J

J

J

J

J

N

J

J

J

N

10 Years
(20092019

1,4

J

J

J

N

J

J

J

J

N

N

J

J

N

J

J

J

N

J

J

J

J

J

J

J

J

N

0,27

J

J

J

N

J

J

J

J

J

J

J

N

N

0

J

J

J

N

J

J

N

N

N

N

N

J

N

30 Years
Von
1985 –
2015

Share of heat
networks in the
heated area

30 Years
1985 –
2015

Share of the
modal split in
the core city

45 Years

Share of renew
able energies in
final energy
consumption
for heating and
cooling as op
posed to the
national aver
age (percent
age points)

D1 Networks

99%

Share of renew
able and district
heating in en
ergy consump
tion for heating
and hot water

C8 Cost-benefit ratio

Share of nonfossil energy in
district heating
networks

C7 Infrastructure

88%

10 Years
(2009 2019)

C6 Niches

Share of or
ganic farming
on of total agri
cultural land

Pro
gress
per year
in per
centage
points

C5 Legitimacy

100%

Period
under
review

C4 Entrepreneurship

Heat supply by
renewable dis
trict heating or
heat pumps in
Sweden

Unit

C3 R&D / knowledge

Organic farm
ing in the In
dian federal
state of Sikkim

Transi
tion sta
tus
2018

C2 Resources

System innova
tion

Destruction

C1 Goals / direction

Creative

1976 –
2016

15 Years
(20032017)

0,97

0,83

J = The cross-case evaluation identified policy measures in this instrument group.
N = The analysis could not identify any policy measures in this group of instruments.

On the basis of the patterns described above, the 13 instrument types shown in Table 3 can be
grouped into four subgroups within which particularly intensive relationships can be identified. In the
light of the findings we also fine-tuned some of the terms used by Kivimaa and Kern. These are the
four instrument types or activation fields:
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C 1: Goals and influence on search and development strategies
C 5: Legitimacy of new technologies, practices and visions
D 1: Change in network structures and key players
D 2: Fundamental institutional changes.
In the following, findings on and interactions between these four types of instruments are summa
rized under the heading "Creating and maintaining directional security".
Four other types of instruments are located at the interface between innovation promotion and sci
entific development and have an important preparatory function as a prerequisite for diffusion and
transition processes:
C 3: Research and development, dissemination of knowledge
C 4: Entrepreneurship and start-up support
C 6: Establishment of market niches and market formation
D 5: Reduction of R&D support for non-sustainable technologies and systems
The examples we have found on the importance of these four types of instruments can be summa
rised under the heading "Innovation policy and niche development".
The central control of transition takes place through the instrumentation of further activity types.
These are:
C 2: Resource mobilization
C 8: Improvement of cost-benefit ratio
D 3: Taxes, duties and subsidies
D 4: Regulatory law
Findings on these instrument types are summarized under the heading "Synchronization of Diffusion
and Exnovation".
As a last, also important, but nevertheless discreet instrument type we focus on the
C 7: Infrastructure development.
Often we have found activities here to transform state infrastructures, e.g. the conversion, extension
or dismantling of roads or energy infrastructures such as heat or gas networks. We document find
ings on this point under the heading "Infrastructure Development".

5.2

Creating and maintaining directional security

An essential factor for the success of a transition is to give it a clear goal and to steer it in a direction
that is reliable over many decades. The political goal may have been achieved in different ways. Sci
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entific findings, such as those on the climate crisis, can be just as much a starting point for goal-set
ting as politically negotiated agreements such as the Paris Climate Change Convention (UN FCCC,
2015) or national foresight processes. In order to establish targets, it is necessary to set and frame
them positively. Schneidewind (2018, S. 10) speaks of an identity-giving and transdisciplinary narra
tive, which condenses "ecological, technological, economic, social and cultural science findings into a
hopeful design programme".
In order to anchor goals credibly in society, it is necessary to underpin them with a consistent strat
egy and a feasible action programme. Consistent action by the state is helpful in providing social le
gitimacy for goals and strategies. The implementation of the strategy plays just as much a role here
as the participation of the state itself in the transition, e.g. by changing the procedures and processes
of state institutions and through public procurement. Legitimacy can also be built up through the
broad participation of consumers and companies in the transition.
However, it should not be forgotten that the upcoming major transitions in energy supply, mobility,
agriculture and food are not only "hopeful" aspects, but also entail material disadvantages for all
those who have so far benefited from the functions of the established non-sustainable regime. Di
verse economic interests as well as institutional and use-related path dependencies (Kahlenborn,
Clausen, Behrendt & Göll, 2019) lead to the "losers of transition" defending their interests with
strong pressure. Since these actors represent the established regime, they usually have ample finan
cial resources, while on the winner side of transition, on the other hand, there are often institutions
and companies whose successful future is still ahead and whose financial resources are therefore
limited.
So while on the one hand goals are set, strategies and plans are developed and narratives are cre
ated in order to facilitate the change to a sustainable path, on the other hand the scientific basis of
the motivation for change is doubted, e.g. by climate change scepticism (Clausen & Beucker, 2020)
up to the highest decision-making bodies of politics and companies, the effectiveness of strategies
and the achievability of goals is questioned and alternative transition paths are designed using "alter
native facts". The beneficiaries of these actions are often the actors of the established regime.

5.2.1

Goals and influence on search and development strategies

Most of the case studies show that the transition processes examined are for the most part associ
ated with demanding objectives.
▪

Denmark is aiming for 100% renewable district heating by 2035, which already supplies 2/3 of all
households with heat (Clausen & Beucker, 2019b).

▪

Copenhagen is aiming for a 50% share of cyclists on their way to work or schools in 2025 (City of
Copenhagen, 2017).

▪

In Norway, the sale of all cars with combustion engines, including all hybrid models, is to be dis
continued in 2025 (Stortinget, 2017).
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▪

Germany has the goal of reducing greenhouse gas emissions from the energy sector by approx.
38% by 2030 compared with 2020, as well as the long-term goal of achieving extensive green
house gas neutrality by 2050 (Die Bundesregierung, 2019).

▪

The Indian state of Sikkim has already achieved its goal of organic farming and certification of
100% of its agricultural land by 2014 (Avasthe, Singh, Babu, Pashte & Sharma, 2019).

The only exception is Sweden. Although the CO2 tax introduced in 1991 led to a successful change of
course, it was not until 2009 that Sweden formulated targets for energy supply and climate protec
tion.
All six case studies succeeded in maintaining the target orientation over several decades. However,
there were isolated setbacks. These include an attempt to change energy policy in Denmark under
the neoliberal Rasmussen government from 2001 onwards, which was abandoned after a few years
(Eikeland & Inderberg, 2016). In Sikkim, an attempt was made to ban the import of non-organically
produced food into the state from April 2018, which resulted in a shortage of key agricultural prod
ucts and drastic price increases (Clausen & Olteanu, 2019). The ban was lifted again in autumn 2018
and the initiator of the Sikkim Organic Mission, Shri Pawan Chamling, was voted out of office as
Prime Minister in May 2019. In Germany, resistance to the energy turnaround from 2012 onwards
became tangible. Since then, the CDU-led federal government has led the photovoltaic industry into
crisis and is currently instigating further problems in the wind industry. No setbacks were noted in
the transition processes in Copenhagen, Norway and Sweden.

5.2.2

Legitimacy of new technologies, practices and visions

In all cases, the legitimacy of the transition processes is based on a broad political coalition, at least
in phases, and public support. In Denmark, the alternative energy perspective of an energy supply
strongly based on nuclear power was finally put to rest as early as the 1980s. In the course of re
search, no plans from Copenhagen that deviated from the development of a bicycle city were found.
Following a consensus reached at the beginning of the millennium between politics, business and so
ciety, the consistent implementation of the electric car strategy also dominates the field in Norway,
which also fits in well with natural energy potentials due to the abundant resources of hydropower.
Energy policy disputes in Sweden were more concerned with the question of what power the energy
companies can achieve and how far they can dictate heat prices. In Sikkim, the food crisis in 2018
shook the consensus around the Sikkim Organic Mission, which is also being actively pursued by the
new Prime Minister (AgroSpectrum, 2019). And in Germany, although the majority of the population
has long been supporting the energy turnaround, the process of transforming the power supply sys
tem seems to be coming to a halt at the moment due to widespread climate change scepticism and a
lack of willingness to change in many circles, as well as due to the effective articulation of lobbying
interests of the established (fossil) energy companies.
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5.2.3

Change in network structures and key players

Over the decades, the proponents of the transition to a sustainable society have developed technol
ogies, implemented demonstration projects such as the Tvindkraft wind power plant (CICD, 2002),
and created endearing niches in which production and consumption were to some extent different.
In some cases, they have asserted themselves against the established companies, supported by coin
cidences or contingent events, as for example in the resolution on the Electricity Saving Act (Clausen,
2017). However, while the studies on the transition processes in Scandinavia give the impression that
sooner or later the companies will also accept the socially negotiated and agreed compromises and
"participate", this seems to be different in Germany. Essential lines of conflict in the implementation
of a renewable electricity supply were traced in the corresponding case study (Clausen, 2019a).
As the example of Germany shows, it can take decades to deal with lobbies, just like the restructur
ing of systems. It is only likely to come to a definitive end with the disappearance of the last enter
prise of the established regimes. Different discourse strategies are used by lobbyists (Geels, 2014),
each requiring a different knowledge base:
▪

Diagnostic framing, which attempts to influence or redirect the identification of the problems
and whose application requires extensive knowledge of the nature of the problems,

▪

Prognostic framing, which is intended to influence the selection of problem solutions and for
which detailed knowledge of alternative solutions is required, and

▪

Motivational framing, which questions or changes the rationale for action and essentially repre
sents an argumentative challenge for PR.

In the context of diagnostic framing, the denial of climate change is of importance, which was dis
cussed in depth in the case study on the Building Energy Act (Clausen & Beucker, 2020). As a second
topic, a distorted concept of personal freedom is increasingly being sought, which is also intended to
refer to the right to drive oversized cars with combustion engines and to the free choice of energy
source for heating, and which denies the state the right to regulatory intervention with reference to
the German Constitution (Clausen & Beucker, 2020)
The method of prognostic framing consists in creating uncertainty about the solution of the problem.
This can be done either by denying the preferred solution the ability to solve the problem (Hirschl,
2007, S. 130), or by proposing additional alternatives that reduce the clarity of objectives and effec
tively delay the process, such as the current debate on the Power-to-X option as the universal solu
tion to all energy problems (Power to X Allianz, 2019).
Both a change in the diagnosis of the problem and increased uncertainty about the goal orientation
then affect the motivation to bring about change. Kivimaa and Kern (2016, S. 208) therefore suggest
actively questioning network structures such as the representation of established industries in politi
cal advisory bodies or at least establishing a balance by representing the possibly newly founded as
sociations of "new solutions". However, the subject of discussion must also be the sometimes outra
geous studies and arguments of the lobbyists (Institut für Wärme und Oeltechnik e.V. (IWO) & MEW
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Mittelständische Energiewirtschaft Deutschland e.V., 2018) as well as the question of what part of
lobbying takes place below the surface of visibility. Transparency rules are therefore a very important
element in the preparation of the transition.
In the cases of the bicycle city of Copenhagen and electric mobility in Norway, we did not find any
significant evidence of lobbying activities.
An attempt by neo-liberal circles to question the transition to renewable electricity generation and
the heat turnaround in Denmark was abandoned after a few years due to fierce resistance from the
population.
In Sweden, the energy companies successfully challenged the implicit rule of the non-profit status of
heat supply in the course of the liberalisation of the heating market and managed to abolish it, which
led to the takeover of a substantial part of the heating networks by commercial operators.
In Sikkim, following the failure of the import ban on non-organic fruit and vegetables, a candidate for
the office of Prime Minister criticised the Sikkim Organic Mission. He was then also elected and con
tinues the policy for the time being, but uncertainties remain (Singha, 2020).
In the case studies we encountered the most intensive and continuous activity of lobbies in the pe
riod from the early 1980s until today in the case of the German energy system transition.
New network structures around new solutions have formed in several countries. However, there is
almost no evidence of state involvement in the genesis of such network structures. An exception are
model farms and consultant networks in Sikkim and also the Swedish procurement groups provide
new networks in a certain way. It remains unclear, however, whether they provide a significant polit
ical impetus.
None of the case studies showed any evidence of deliberate and effective change in network struc
tures on the part of policymakers.

5.2.4

Fundamental institutional changes

Kivimaa and Kern (2016, S. 208) see structural reforms in legislation or important new overarching
laws as fundamental institutional changes. They cite the privatisation and liberalisation of the elec
tricity markets in the 1990s as a historical example of major regulatory changes. Such fundamentally
new rules have not been established in the case of the bicycle city of Copenhagen or in the case of
electric cars in Norway.
The Danish turnaround in the heat market was initially made against the background of the (regula
tory) decision not to enter into the use of nuclear energy (1986) and to exclude the construction of
new coal-fired power plants (1986). This created an effective foundation on which renewable energy
technologies could be built. The principle of heat pricing, which stipulates that the heat supply is to
be calculated on a non-profit basis according to the actual costs, also represented a fundamentally
new rule.
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In Sweden, on the other hand, the implicit rule of non-profit status of the heat supply, which had
previously resulted from municipal law, was abolished in the course of the liberalisation of the heat
ing market.
Sikkim has declared itself a 100% biological state, which has only indirect effects, but has proved to
be extremely beneficial for tourism.
Not only the feed-in priority and the remuneration regulation introduced fundamentally new rules in
the German electricity market, but also the market liberalisation in 1998 represents such a funda
mentally new rule. The nuclear phase-outs in 2002 and 2011 and the planned coal phase-out will cre
ate further new rules.
In addition to economic governance and regulatory law, basic new rules appear to be a backbone of
the governance of transition.

5.3

Innovation policy and niche development

At the beginning of transition processes, fundamental key innovations form the starting point for
new technology paths. For example, the development of the first wind power plants, and especially
the wind power plant in Tvind, built by teachers from an alternative school, SMEs and people from
the scientific community, marked the turning point in Danish energy policy (Clausen & Beucker,
2019b). Numerous inventors and tinkerers, together with start-ups for supplier products, also
marked the beginning of the renewable energy sector in Germany (Clausen, 2019a; Clausen & Loew,
2009; Oelker, 2005).
In the case of electromobility in Norway, a number of company start-ups in the electric car sector
play a role in addition to the high-profile conversion of a Fiat Panda by Professor Harald Rostvik and
the pop band aha. Especially the electric car manufacturer Think was supported with public and pri
vate funds, later taken over by the Ford Motor Company and finally went bankrupt in 2011 (Figen
baum & Kolbenstvedt, 2013). Today, the only remaining company is Buddy Electric, which also went
bankrupt in 2011, but was bought by Norwegian investors and continued (Norsk elbilforenning,
2019). The significance of these foundations for the transition process lies in the fact that at the be
ginning of the process the technical feasibility of the vision was proven and thus contributed to the
motivation for the change.
However, neither the first wind turbines nor the first solar thermal apparatus from the 1970s nor the
first electric cars from the 1990s were ready for serial production. Through a process that lasted sev
eral decades, these basic innovations became more powerful, more durable, easier to use and repair,
and ultimately cheaper. All these improvements are part of the Economy of Scale and are of great
importance, but will not be discussed in detail here.
Instead, with a view to the change of large societal supply systems, we will take a look at innovations
whose significance sometimes only becomes clear as the transition progresses. Examples of such so
lutions include demand side management, which aims to at least partially compensate for fluctua
tions in the supply of renewable electricity over time and improve grid stability. Such solutions,
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whose necessity is only recognised parallel to the ongoing transition or for which only basic innova
tions from other sectors create the possibility, are often necessary for the large-scale implementa
tion of transitions. The transition process must therefore be accompanied by an active promotion of
the innovation system that produces such complementary solutions.

5.3.1

Research and development, dissemination of knowledge

In all cases studied, we found examples of support for research and development and/or instruments
for knowledge dissemination that accompanied the respective transition process.
In the context of the transition of the heat supply in Denmark, biofuel boilers, large solar thermal sys
tems and efficient heating pumps have been further developed with public funding (Danish Energy
Authority, 2005; Heller, 2000). Work has also been carried out on low-temperature heating networks
(Diget, 2018) and sector coupling with large heat pumps (Lund, Ilic & Trygg, 2016).
Sweden investigated the feasibility of heating networks in low-density areas (Werner, 2017), and
promoted the development of complex methods of biomass use with little success (Ericsson,
Huttunen, Nilsson & Svenningsson, 2004), which was ultimately primarily burned. In particular, the
development of the procurement groups' tool has been successful in inducing improvement innova
tions (Swedish Ministry of Environment and Energy, 2019).
In the case of Copenhagen, the exchange of information on bicycle-related innovations was pro
moted, suppliers of cargo bikes established themselves and automatically changing traffic signs for
cyclists were developed (European Cyclists Federation, 2017).
The Norwegian Transport Research Institute has conducted numerous studies on the use and costs
of and experience with electric vehicles in order to identify and address concerns of potential users
(Clausen, 2019b, S. 9). Furthermore, demonstration projects were carried out on new fields of appli
cation for electric cars, e.g. as taxis or postal delivery vehicles (Figenbaum & Kolbenstvedt, 2013).
R&D projects on effective and approved organic pesticides have contributed to the successful spread
of organic farming in Sikkim (Ministry of Agriculture and Farmers Welfare, Govt. of India, 2018; Rao,
2017) and research has also been conducted on the supply of nutrients through farm manure and
multi-field farming methods (Rao, 2017; Singh, Babu, Avasthe, Yadav & Ngachan, 2017). The main
challenge, however, was the diffusion of knowledge, techniques and methods of organic farming,
with which all 65,000 family farms in Sikkim had to be familiarized.
In Germany, high budgets for energy research programmes supported numerous projects to further
develop and improve renewable electricity generation technologies until 2019 (Clausen, 2019a, S. 9).
New topics whose importance has been recognised, such as sector coupling and research into energy
storage systems, have also been included in energy research. At present, significant cuts are being
made in the energy research programme (Ehlerding, 2020), which raise the question of the extent to
which the implementation of energy system transition can still be seen as a goal of the Federal Minis
try of Economics.
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The transfer of knowledge played a key role, particularly with regard to the craft trades, since thou
sands of craft enterprises had to learn to install and maintain decentralised PV systems, electricity
storage systems, solar thermal systems or pellet boilers (Clausen, 2009). New solutions are being
tested on a small to medium scale in the "real laboratories of the energy turnaround" as well as in
the SINTEG projects (Bundesministerium für Wirtschaft und Energie, 2017).
It is becoming clear that both research and development and knowledge transfer play an important
role in the transition process.

5.3.2

Entrepreneurship and start-up support

In the case studies examined, support for entrepreneurship and start-ups that consciously and explic
itly aimed at the system transition in question only played a noticeable role in Germany. Even in the
case of the transition of electricity generation from renewable energies in Germany, however, this is
of a rather marginal nature. Measured against the large number of start-up and innovation support
programmes and their financial volumes in Germany, the targeted inclusion of start-ups within the
framework of the energy research programme2 is an important step, but measured against the tran
sition needs it is a rather small one. A possible reason for the lack of political use of the instrument
type of entrepreneurship and start-up support for the transition of large supply and product use sys
tems can be cited that start-up support in particular has so far been practiced politically and institu
tionally very separately from targeted transition policies (energy system transition, etc.) and is pri
marily focused on the technology and supply side and not on the demand or mission side. While, for
example, the Federal Government's High-Tech Strategy 2025 (BMBF, 2018) identifies priority "socie
tal challenges" and formulates so-called "missions" to which research and innovation are to make a
targeted contribution, this has not yet been the case for start-up funding.

5.3.3

Establishment of market niches and market formation

The establishment of a market niche usually represents the first step in the transition of the mass
market, but "stabilization in the niche" (Kahlenborn et al., 2019, S. 174) is also possible. From the
perspective of transition, a niche market can therefore also be a dead end.
Numerous market niches were established in the case studies examined. For example, Sikkim experi
mented with 100 "bio villages" at first, then with 400 in order to transfer the experience to the whole
country. Sweden has promoted the establishment of a group of first biomass CHP plants. Germany
has created niche markets in wind power as well as in PV and bioenergy, which were later effectively
scaled up by the EEG. In Denmark, niche markets for biofuel boilers and low-temperature heating
networks were created, and in Copenhagen for cargo bicycles. Norway in a sense represents a niche
market for electric cars as a whole, which functions as a test market for the automotive industry
worldwide.

2

See https://www.forschungsnetzwerke-energie.de/start-ups (assessed 09.01.2020).
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In niche markets, innovations are tested for the first time in small or medium quantities. In the pro
cess, weaknesses may be revealed and function, performance, costs and quality are optimized. Such
steps are important, but the successful establishment of a niche market must not be confused with
successful transition. Many environmental innovations have been limited to sales in niche markets,
sometimes for decades (Clausen & Fichter, 2019a; Fichter & Clausen, 2013), so that their potential
for environmental relief could not be tapped.

5.3.4

Reduction of R&D support for non-sustainable technologies and sys
tems

Kivimaa and Kern (2016, S. 209) point to the consequence of ending R&D funding for technologies
that are to be substituted by better ones in the process of politically desired change. The targeted
political reduction of R&D activities for technologies and systems identified as unsustainable could
not be found in any of the seven transition cases examined. For example, neither Norway nor Den
mark had an automotive industry in recent decades that could have been supported with public R&D
funds. Nor were there any major manufacturers of chemical pesticides or artificial fertilizers in Sik
kim.
This finding also applies to the German energy turnaround in the electricity sector. Although the Fed
eral Report on Energy Research 2018 (Bundesministerium für Wirtschaft und Energie, 2018a, S. 6)
shows that funding for research into renewable energies and energy efficiency has increased signifi
cantly since 2006, research activities on nuclear energy have not been discontinued even eight years
after the decision to phase out nuclear power. Following the path taken in the 1950s and 1960s, this
research today is concerned on the one hand with nuclear safety and disposal, but on the other
hand, as it has been for decades, with fusion research. With regard to fusion research, it is argued:
"The rising demand for energy against the background of the growing world population and the need
to reduce CO2 emissions make it necessary, in the view of the Federal Government, to continue to re
search long-term concepts for energy research in the field of basic research, open to new technolo
gies" (Bundesministerium für Wirtschaft und Energie, 2018a, S. 39). Since the work is integrated into
the European fusion research programme of Euratom, it follows not only a German but also a Euro
pean research agenda. However, the current sharp cutbacks in energy research (Ehlerding, 2020)
raise doubts as to whether this research is still pursuing the main goal of a climate-neutral energy
supply.
Research is also continuing on coal-fired power plant and CCS technologies, with small volumes. The
reason for this is, on the one hand, that in view of the fluctuating feed-in of renewable energies, con
ventional power plants have to be ramped up and down more quickly in the last few years of their
operation, which requires development work. But the major players in the energy regime are think
ing ahead: "Most German power plants are currently operated with coal or natural gas. In the future,
however, fuels such as hydrogen and regeneratively produced methane should also be used" (Bundes
ministerium für Wirtschaft und Energie, 2018a, S. 18). Between 2012 and 2017, public funding for
research into fossil power plant technologies has thus increased successively from approx. 27 million
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€ to approx. 32 million € (Bundesministerium für Wirtschaft und Energie, 2018a, S. 19). These activi
ties can easily be connected to the current main project of fossil energy companies, the large-scale
power-to-gas technology (Institut für Wärme und Oeltechnik e.V. (IWO) & MEW Mittelständische En
ergiewirtschaft Deutschland e.V., 2018; Power to X Allianz, 2019).

5.4

Synchronization of Diffusion and Exnovation

As our case studies suggest, both the targeting and maintenance of directional security and the de
velopment of innovations and niche markets are central strategies for managing radical system tran
sition. They seem necessary, but they are obviously not sufficient. The cases studied suggest that
these strategies are essential in accompanying and preparing the transition, but that the central tran
sition must be carried out by a further strategy, which will be described here as the synchronization
of diffusion and exnovation. The following section deals with central instruments for this.
The radical transition of large supply and product use systems requires a clear change in the eco
nomic framework and incentives. The instrument type "resource mobilisation" is fundamental for
this. Without the provision or relocation of financial resources, the transition cannot be achieved.
Furthermore, it is then a matter of designing taxes and charges in such a way that new and sustaina
ble solutions become more economical than old and unsustainable offers of the established regimes.
In addition to taxes and levies to shape economic efficiency, however, there is also the possibility of
changing the cost-benefit ratio in favour of new solutions through targeted promotion of cost-cutting
activities. The reduction of subsidies for non-sustainable technologies must also be addressed, which
in turn affects the advantages or disadvantages in terms of economic efficiency. A clear advantage of
such approaches is that they make it easier for private or public actors to finance the change, be
cause the new technologies to be procured and applied become at least relatively cheaper, and thus
decisions made on the basis of economic considerations are more often made in favour of the sus
tainable alternative.
It is also a matter of regulatory law, which makes the use of certain technologies possible, mandatory
or impossible.

5.4.1

Resource mobilization

For Kivimaa and Kern (2016, S. 208), the financing of the transition involves both public and private
sources of money and capital. Both the promotion of research and development and the promotion
of testing and dissemination usually lead to costs for public budgets. Low-interest loans and risk capi
tal can be provided by public funding banks, but also by private donors.
In Copenhagen, costs are incurred for the public budget due to the need to expand bicycle roads. In
the long run, however, the construction of paths for pedestrians and cyclists proves to be cheaper
than building additional motorways. In addition, lower costs of health care will reduce the burden on
public social security funds, as cycling is beneficial to health. Furthermore, there are revenues from
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the high tax on cars, which also leads to a smaller car stock and thus to lower costs for the construc
tion of roads and parking spaces.
In the Danish and Swedish heat supply systems, several renewable heat technologies, such as the use
of biomass, large solar thermal systems with seasonal storage, and waste heat recovery with heat
pumps, have proven to be economically viable in individual cases because the competitive pressure
is less intense due to higher gas and oil prices. As a result, only a small amount of funding is required,
some of which has been documented for R&D funding. The burden on national budgets is low.
The introduction of electric cars in Norway and tax incentives for them are associated with high costs
for the state and, due to special conditions on fees, also for municipalities. Due to the robust Norwe
gian state finances, the loss of revenue through reduced taxes and charges on electric cars has so far
been politically enforceable. At present, however, consideration is beginning to be given to revising
the promotion strategies (Figenbaum, 2018, S. 22). It has already been decided that local authorities
will again be able to levy fees on a pro rata basis for electric cars (Clausen, 2019b, S. 11).
The elimination of subsidies for conventional agriculture has relieved the Sikkim state budget. New
subsidies, research measures and knowledge transfer are financed from the national budget. Consol
idated figures of the burden on the state could not be determined.
The German energy turnaround in power generation was financed on the one hand from the na
tional budget (research funds, promotion programmes) and on the other hand by electricity custom
ers (EEG levy). Due to the volume of the transition, the differential costs of electricity generation un
der the EEG, which peaked at around €25 billion in 2018 (Bundesministerium für Wirtschaft und En
ergie, 2018b, S. 10), have repeatedly been on the political agenda and are also being used as an argu
ment by opponents of the transition. Thus, they were not only the basis for the electricity price brake
staged by Minister Altmaier (Anonym, 2012), but are permanently used as an argument (DICE Con
sult, 2016).
The critical debates on the costs of transition in Norway and especially in Germany indicate that the
cost argument is of central importance for the success of transition not only at the level of the costbenefit ratio for the individual user, but also with regard to its impact on the state budget or stateimposed pay-as-you-go systems. In addition to activities to reduce additional costs, a possible coun
ter-financing as a political tool must also be considered. Such counter-financing can take the form of
additional taxation of unsustainable products or behaviour.

5.4.2

Improvement of cost-benefit ratio

The cost-benefit ratio is a central factor that can promote or even inhibit the diffusion of new solu
tions. As a rule, however, the cost-benefit ratio is only indirectly the object of transformative activi
ties. From the case studies the following activities can be compiled, which have an impact on the
cost-benefit ratio or its perception.
The bicycle city of Copenhagen benefits from the fact that cycling is significantly cheaper than driving
on the motorway, which is made even more expensive in Denmark by an extremely high registration
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tax. The subject of targeted improvement is the benefits of cycling. The average speed at which cy
clists move around Copenhagen is continuously increased by the development of bicycle superhigh
ways, green waves for bicycles and the overall good condition of the cycle paths. The fact that 76%
of all Copenhageners who cycle feel safe when cycling (City of Copenhagen, 2017a, p. 5) is just as im
portant as the fact that 53% of Copenhageners consider cycling to be faster and 50% to be easier
than driving (City of Copenhagen, 2017a, p. 18). The success of the City of Copenhagen Bicycle Pro
ject is therefore largely due to the fact that cycling has been and continues to be made as pleasant,
fast, easy and safe as possible by the city planners.
In general, all common forms of heat supply in Denmark satisfy more than 90% of the customers, alt
hough this is only the case with electricity heating for 83.9% of the customers and oil heating for
73.9% (FIF Marketing, 2016, S. 15). In the district heating supply, the 94.7% satisfied customers are
most convinced by the perfect function and price (FIF Marketing, 2016, S. 22), which also indicates a
good cost-benefit ratio.
The cost-benefit ratio of the heat supply is also good for the majority of Swedish heating customers.
The price for district heating is - taking into account the high level of consumer prices - in the lower
range of the heating prices in other EU countries
A favourable cost-benefit ratio is also important in the Norwegian car market. The consistent orienta
tion of the political instruments towards cost advantages for electric cars has generally made it possi
ble to achieve full competitiveness since 2010 (Figenbaum, 2018, S. 15f). The increasing number of
buyers since then clearly shows the importance of this factor.
In the German electricity market, different generation prices for different types of electricity are re
distributed by electricity market regulation and, to a very large extent, by the provisions of the EEG in
such a way that cost differences are not visible to the end customer. The competition problem is thus
only visible at the national level through the constantly increasing EEG levy. According to the type of
planned economy, cost shifts are being fought for by excluding certain sectors from the obligation to
pay the EEG levy. This has had an impact on the course of the transition in that in 2013, Minister Alt
maier brought up the issue of the electricity price brake and, with this argument, plunged the pros
pering photovoltaic industry into the abyss and, in a populist manner, "capped" the expansion of
photovoltaics in terms of regulatory law.
In Sikkim, it has been demonstrated for some crops that production in organic farming is somewhat
more cost-effective, even taking into account lower yields (Rao, 2017). However, after the import
ban on conventional vegetables was imposed at the beginning of 2018, the prices for nationally pro
duced organic products rose significantly, not least due to shortages. The fact that the import ban
had to be withdrawn after strong protests points to the importance of the cost-benefit ratio as a con
trol parameter for transition.
In most examples, the cost advantages of sustainable products are the effect of internalising external
costs in the form of taxes and charges on non-sustainable products. In addition, for a number of
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technologies there are considerable cost reduction effects through economies of scale. Targeted re
search and development activities with the primary goal of reducing the costs of sustainable prod
ucts were not documented in any of the case studies, but are evident, for example, in a Dutch project
to improve and cheapen building refurbishment (Clausen, 2019c).

5.4.3

Taxes, duties and subsidies

For proactive government action, Jänicke (2012) sets the following maxim: "Ambitious targets plus
monetary trend control plus detailed regulatory control plus supporting instruments. Supporting in
struments are usually indispensable in the policy mix of innovation promotion" (Jänicke, 2012, S. 19).
In the case studies, we found economic control instruments that affect the sales prices of certain
products, measures that increase operating costs primarily through taxes on energy, and the reduc
tion of subsidies on non-sustainable products.
In the case of Copenhagen, a purchase tax on cars up to a net price of €24,000 affects 85% of the car
value, and even 150% for the price portion above that (Danish Customs and Tax Administration,
2019). The high purchase tax leads to a 20% lower car stock of 429 cars per 1,000 persons in Den
mark compared to 555 in Germany (Eurostat, 2019) and increases the necessity to use other forms of
mobility due to the lower availability of cars.
As a result of a change in tax law since 1993, the prices for natural gas in Denmark today are about
45% higher than in Germany, and those for heating oil are even about 67% higher. On the other
hand, the principle of heat pricing stipulates that the district heating supply must be invoiced accord
ing to actual costs and that the district heating suppliers must be non-profit companies that are not
allowed to make a profit. Wood pellets are tax-free.
In Sweden, a CO2 tax was introduced in the early 1990s. Today, the tax is 120 € per tonne of CO2, re
duced to 100 € for certain industrial plants. Heating oil in Sweden is thus approx. 63% more expen
sive than in Germany, natural gas is not available at all due to non-existing gas networks and electric
ity for operating the numerous heat pumps is sold at a much lower price than in Germany at a retail
price of approx. 20 cents/kWh.
In Norway, the sales price for cars with combustion engines is driven up by various taxes (CO2 tax,
NOx tax, weight tax, a disposal fee and a value-added tax of 25%) in such a way that electric cars are
regularly cheaper to buy, as only the disposal fee is charged for them. The operation of electric cars is
also significantly cheaper due to significantly higher prices for petrol and diesel compared to Ger
many and lower electricity prices for private customers of approx. 19 cents/kWh. A large number of
fee reductions for the use of tunnels, ferries, bridges and parking spaces create further cost ad
vantages for users of electric vehicles, which, however, reduce the income of the municipalities.
In Sikkim, subsidies for fertilisers have been gradually reduced since 2003. Transport and handling
subsidies and commissions to retailers were also cut from 2006 onwards. The subsidies, which were
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reduced in steps of 10%, led to a collapse in the artificial fertilizer market after only a few years. In
vestments in irrigation systems were promoted and certain seeds were made available to farmers
free of charge.
With the cost-covering feed-in tariffs under the Electricity Feed-In Act (1990) and the Renewable En
ergy Sources Act (2000), an instrument was used in the German electricity market that developed
strong economic effectiveness. The feed-in tariffs, which were made binding for 20 years, made it
possible to calculate the expected revenues of renewable energy projects in a comprehensible and
credible manner, thus facilitating investment decisions on the one hand and simplifying access to
credit on the other. The statutory feed-in tariffs were allocated to the electricity price via a levy sys
tem, whereby individual consumers such as "energy-intensive industries" were exempted from pay
ing the EEG levy. The high costs of the widespread introduction of technologies that would not have
been competitive in the free market became the subject of ongoing political debate, including the
debate on the electricity price brake.
In the cases of the Danish and Swedish heat supply systems, as well as the bicycle traffic in Copenha
gen, the transition took place in a form that had little impact on the costs for the end customers and
did not lead to high expenditures for the state either. In addition, the state generates revenues
through increased taxes and charges on non-sustainable products. The transition to electric cars in
Norway was also largely cost-neutral, if not cost-cutting for the end customer, but led to high losses
of taxes and fees for the state and municipalities. Recently, therefore, some fee reductions have
been reduced in order to avoid financing problems for municipalities as the number of electric cars
increases. In Sikkim, the effects of economic control are unclear. The only case in which the costs of
transition are passed on to end customers to a significant extent is Germany. In Germany, the possi
bility of passing on cost shares to non-sustainable products was also not used. Instead, the EEG levy
is even to be paid proportionately on self-generated renewable electricity. The economic manage
ment is thus carried out in a way that hinders the transition itself.
A major effect of economic management is the change in the cost-benefit ratio for customers of
products from the transformed markets. In addition to the effect of economic management, the ef
fect of activities to improve the cost-benefit ratio will increase the impact.

5.4.4

Regulatory law

In all cases examined, the state used regulatory provisions to achieve certain transition goals. In six
out of seven cases, regulatory provisions were changed to this end. In the case of the transition of
the city of Copenhagen into a bicycle city, which was apparently possible on the basis of the existing
road traffic law (Clausen et al., 2019, S. 14), the regulatory law was not changed, but was consistently
used for the transition.
In the course of the Danish heat turnaround, certain heating systems were banned in principle or sig
nificantly restricted in their applications. This was the case for electricity heating (1988), oil and gas
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heating in new buildings (2013) and oil heating in existing buildings (2016). Another key provision re
quired municipalities to draw up energy plans (1981). The obligation of about 2/3 of the municipali
ties to connect individual buildings to heating networks is also an effective regulatory regulation.
In Sweden the number of regulatory interventions is low. But district heating is considered a natural
monopoly in Sweden and market participation is regulated in detail in the District Heating Act (Nor
dic Council of Ministers, 2017, S. 36). Every district heating company must ensure that information
on prices for district heating and for connection to district heating is easily accessible to customers
and the public. The Energy Market Inspectorate monitors this. Customers can complain to the Dis
trict Heating Authority (Nordic Council of Ministers, 2017, S. 36).
In Norway, a special number plate has been introduced for electric cars so that they can be clearly
identified, for example, by automatic image recognition systems that are used for toll payment that
can. Furthermore, from 2005 electric vehicles were allowed to use bus lanes, but this was discontin
ued in 2016 due to the increasing number of BEVs. Very small BEVs were allowed to park orthogo
nally. Since 2019, holders of a class B driving licence have also been allowed to drive class C1 electric
vehicles.
The "Sikkim Agricultural, Horticultural Input and Livestock Feed Regulatory Act" (Government of Sik
kim, 2014) regulates numerous details concerning the form of agriculture. For example, the Act con
tains detailed and very restrictive regulations for the import, sale and use of inorganic agricultural
and horticultural inputs in the cultivation of plants and the use of inorganic animal feed in poultry
and livestock farming. In practice, it led to a ban on artificially produced fertilisers and pesticides. The
law gave the state government the power to appoint inspectors for organic farming. The law also
made the possession and use of unauthorised chemical fertilisers and chemical pesticides a criminal
offence. Violations can be punished with 3 months imprisonment or a fine (Government of Sikkim,
2014, S. §11e). This provision was intended to ensure that artificial fertilizers and pesticides are not
purchased and imported on an individual basis outside the state (Rao, 2017, S. 17). As of April 1,
2018, a law temporarily prohibited (it was repealed in October 2018) the import of conventionally
produced fruit and vegetables into Sikkim (Geier, 2019, S. 37).
Already in the 1980s, regulations for the approval of wind power plants were put into force in Ger
many. The Stromeinspeisungsgesetz (1990) obliged electricity supply companies to purchase renewa
ble electricity in their supply area and to pay a fixed minimum price (Bruns, Köppel, Ohlhorst &
Schön, 2007, S. 43). The nuclear phase-outs of 2002 and 2011 were of great importance for the confi
dence of companies to continue the expansion of renewable energy (Rogge, 2015. The 2008 amend
ment of the Renewable Energy Sources Act (EEG) provided for initial grid management measures to
avoid overloading the electricity grids. Individual plants now had to be taken off the grid in case of
grid overload. Since 2014, a country-opening clause has enabled country-specific rules on minimum
distances between wind turbines and residential buildings to be introduced, which should prove to
be an effective measure to limit the expansion of wind energy in the medium term and have brought
the expansion of wind power almost to a complete standstill in 2019.
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It has been shown that, on the one hand, regulatory rules regulate numerous processes of transition
so clearly that they can be handled with legal certainty even in groups of many actors, e.g. in matters
of permits. But also prohibitions with penalties create clarity in some places about the direction in
which the transition should move.

5.5

Infrastructure development

Except for the unsuccessful case of the heat turnaround in Baden-Württemberg, the targeted devel
opment of relevant infrastructures is an essential element of the transition in all (successful) cases.
However, the role of the state in this process must be viewed in a differentiated manner:
A strong intervention in Copenhagen's urban structure is due to the fact that the municipality pro
vides its service "construction and maintenance of roads" differently today than in the days of the
"car city". This is because the central infrastructure measure in the development of the bicycle city is
the maintenance and construction of new cycle paths. For the year 2016, the current Bicycle Account
shows 375 km of cycle paths (City of Copenhagen, 2017, S. 5). Bicycle Superhighways, Desire Lanes
and Green Bicycle Routes already provide diversification for different user groups. Central to this
transition was the training of urban planners. They had been specialised in the construction of mo
torways in the times of the car city and had to be trained with a view to the requirements of cycling.
The Danish natural gas network is owned by the state-owned company Energinet. The heating net
works are often owned by municipal and non-profit organisations. The policy of separating the sup
ply areas has made it possible to keep the investment costs for building the networks low. Compet
ing network structures were thus largely avoided and infrastructure costs were limited.
In Sweden it is important to note that a natural gas network is virtually non-existent - the total length
is 600 km. The heating networks, which were in public ownership at the time, were greatly expanded
in the 1960s to 1980s, but were later privatised.
In Norway, state or municipal roads, bridges, tunnels and ferries were actively used as a policy instru
ment through the differentiation of charges. Charging stations are being built on the main roads and
their number is increasing as the number of electric vehicles increases.
Sikkim provides essential government services through public experimental organic farms and
through government officials who provide training and supervision for farmers.
Since all electricity grids in Germany are privately owned, changing the way in which government ser
vices are provided was not an option for the German energy turnaround. However, influence is ex
erted by energy law and the Federal Network Agency. The municipal utilities, some of which are still
in municipal ownership, give individual municipalities limited regional influence on the transition pro
cesses.
Especially in road transport, whose infrastructures are almost everywhere in state ownership, the
changed provision of state services is likely to be a major option for action. With regard to the
change in energy supply, there is only limited state ownership of energy networks in some countries
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or regions, and more so in the case of heat than electricity, and thus the possibility of actively shap
ing them.

5.6

Interaction and orchestration of the instruments

In the cases studied, the types of instruments discussed above do not usually act individually and in
isolation, but in interaction with other instruments. In the context of the present study, the interac
tion and interplay cannot be analysed in detail, but a number of basic relationships and rough pat
terns of interaction between the instruments can nevertheless be clearly shown:
The connection between the long-term maintenance of target orientations and changes in networks
is striking. Thus, in the history of both the Danish and the German energy system transition, phases
can be identified in which the opponents of the energy turnaround have taken the political helm
again. In Denmark, however, the change of course initiated at the beginning of the new millennium
met with resistance not only in the environmental movement but also in the economy. Since the
1980s, the business community had been focusing on the technologies needed as part of the renew
able energy strategy. The fossil energy networks had become weak and so the renewable energy
strategy was ultimately retained. However, even 20 years after the Renewable Energy Sources Act
came into force, the networks of the fossil energy sector, which are still particularly strong in Ger
many, still manage to bring the energy turnaround to a standstill and to call it into question. A strong
policy of influencing networks thus seems helpful, if not even necessary, to stabilise a transition path
once it has been embarked upon. However, since political intervention in private association struc
tures according to democratic standards is unlikely to be permissible, and since the case studies did
not find any strong interventions to form new network structures, a consistent exnovation strategy
that reduces the economic power of non-sustainable sectors and thus weakens their political influ
ence is apparently necessary to weaken the networks of actors in non-sustainable technologies.
Another clear connection exists between the instruments of innovation policy and niche develop
ment and progress in transition. This connection is most clearly demonstrated by the "largest" transi
tion process, the German energy system transition. After the weather-dependency of the growing
quantities of wind and PV electricity led us to expect problems with grid stability in the long term, a
major R&D programme was launched in 2012 to develop new forms of energy storage to cope with
the fluctuating generation of electricity by storing it. The Copernicus projects of the "Sinteg" focus
also aim to improve grid stability. Within the framework of Sinteg, for example, digital market plat
forms for the exchange of energy are being developed with which small battery storage units in pri
vate households can be bundled in order to stabilize the grid. In addition, intelligent control technol
ogy is being tested in industrial companies so that they can produce more flexibly and automatically
adapt their production to the availability of electricity and save costs (Bundesministerium für
Wirtschaft und Energie, 2020).
The example of electric mobility in Norway also demonstrates the importance of research to stabilize
the transition. In particular, the Norwegian Transport Research Institute conducted projects on the
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usage behaviour of electric cars in order to better understand and address the concerns of certain
target groups, but also to tap into new target groups.
The focus of the hot phase of transition is then the interaction of instruments for synchronizing diffu
sion and exnovation. Here, too, the German energy turnaround is a clear example of poor orchestra
tion. In the case of wind energy, for example, the mobilisation of huge financial resources through
the instrument of feed-in tariffs and the resulting opportunities for long-term optimisation through
economies of scale improved the cost-benefit ratio to such an extent that the technology is now eco
nomically viable virtually without support from the EEG. At the same time, the regulatory law was
changed from 2014 in such a way that the expansion of the now economic technology came to an
almost complete standstill in 2019. The collapse of the leading German market does not bode well
for the export opportunities of German manufacturers either. Even in the case of photovoltaics, in
consistent policies had already led to huge financial resources being mobilised via the feed-in tariff,
but the benefits of the technology scaling up, which ultimately became economic, ultimately bene
fited other countries. Ultimately, it must be concluded that economic instruments and regulatory law
must be coordinated in such a way that long-term goals are also achieved. A populist to and fro of
politics using a contradictory set of instruments obviously leads neither to the achievement of eco
logical nor economic goals. Furthermore, the linking of regulatory and economic instruments with
infrastructure policy is of obvious importance. For example, the Danish policy of dismantling gas net
works where district heating is laid leads to sustainable shifts in the use of these forms of energy, just
as the conversion of parking strips into cycle paths clearly links the promotion of the diffusion of bi
cycle traffic with the exnovation of automobile traffic. Moreover, once an infrastructure has been
converted, it is very durable and thus resistant to abrupt policy changes.
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6

Reflection of the research questions of the project Go

The project "Governance of Radical Environmental Innovations (Go): New Governance Mechanisms
in Eco-Innovation Policy: The Role of the Activating State in Radical System Innovations" has taken a
number of research questions as the starting point for the study. The state of knowledge on these
questions achieved so far will be reflected in the following. The findings from the case studies will be
drawn upon and the feasibility of their implementation in German politics will be repeatedly ques
tioned.
Research question 1: What insights do previous cases of governmental activation attempts for en
vironmentally friendly radical system transitions provide with regard to conditions of success and
failure?
First of all, it should be noted that radical system transitions can in principle be realized successfully
at all. However, the successful cases also show that the transition processes generally extend over
long periods of time, from one decade to several decades, and that the rates of change per year are
usually in the low single-digit percentage range. In the seven cases studied, we cannot see a clear
connection between the "size" of the supply or product use system to be changed and the speed of
transition.
The cross-case analysis reveals four basic patterns or basic strategies that can be assumed to be es
sential for the governance of radical system transitions:

(1.) Creating and maintaining directional security: In all cases, clear long-term objectives and plan
ning (C1) and measures to legitimise the new technologies or systems concerned (C5) play an
essential role and thus ensure directional security. In successful transition cases, the creation
and maintenance of directional security is also flanked by changes in network structures and
key actors (D1) and in some cases by the establishment of fundamental institutional changes
(D2).

(2.) Innovation policy and niche development: A fundamental change in supply and product use
systems depends on the interaction of various technical, social and institutional innovations.
R&D policy thus plays just as important a role as the development of new markets or the es
tablishment of new market niches. As a rule, these represent the first step in the transition of
the mass market. In niche markets, innovations are tested for the first time in small or me
dium quantities. In the process, weaknesses may be revealed and optimizations of function,
performance, costs and quality are made. Two types of instruments at the interface of innova
tion promotion and niche development played a central role in the government activities ob
served in the cases studied. Research and development / knowledge diffusion (C3) and the
establishment of market niches and market formation (C6) were used here. So far, support for
entrepreneurship and start-ups (C4) and the targeted reduction of R&D funding for non-sus
tainable technologies and systems (D5), whose governance potential can be suspected but
has hardly been used by the state to date, have played a minor role here.
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(3.) Synchronization of diffusion and exnovation: The focus of the hot phase of transition is then
the interaction of the instruments for the synchronization of diffusion and exnovation. All suc
cessful examples are characterized by an interaction of "creative" and "destructive" instru
ments. This supports the assumption postulated by Kivimaa & Kern (2016, S. 207) that the
sustainable transition of socio-technical systems not only dependent on the functions of inno
vation systems and strategic niche management, but that attention must also be paid to the
"destruction side" if the new solution is to prevail and diffuse. All successful cases take 'hard'
economic measures with the help of tax and duties policy (D3) and thus maintain an effective
'monetary trend control' supplemented by regulatory measures (D4) (Jänicke, 2012, S. 19). In
the successful cases we examined, this also leads to an improvement in the cost-benefit ratio
(C8) of new products or services. In addition, it is possible to systematically support or pro
mote follow-up innovations based on basic innovations that lead to significant cost reduc
tions, functional improvements or application and target group-specific adjustments. The cre
ation of clear economic framework conditions and incentives usually requires a considerable
mobilisation of resources (C2), which can be observed in most of the cases investigated in the
form of the provision of funding or financial resources. This includes the reduction of subven
tions for established technologies and systems that have been identified as unsustainable.

(4.) Infrastructure development: Instruments and measures for infrastructure development have
so far played a minor and subordinate role in the analysis of "policy mixes for transition". In
the study by Kivimaa & Kern (2016, S. 207 ff.), for example, they do not represent an inde
pendent field of state action or an independent type of instrument and function. In the case
of our specific focus on product-service systems, support for the development of necessary
infrastructures (electricity grids, heating networks, cycle paths, etc.) is of fundamental im
portance for the success of radical system transitions in the transport and energy sector.
A central factor for the possible success of the four strategies is a cross-party consensus, preferably
in society, on the need for change. Even small groups that doubt the problem or question social or
technological goals or create confusion through a multitude of seemingly problem-solving alterna
tives can considerably delay or even bring transition processes to a complete standstill. In addition to
the active control of transition, a permanent examination of counter-strategies is therefore recom
mended. Especially in large systems, where considerable values are implemented, successful transi
tion is first and foremost a question of political power.
Research question 2: What was the role of the state in the case studies examined and which politi
cal instruments proved to be particularly effective in the context of which lobbying structures?
On the one hand, democratic structures are at work in the state, i.e. public party programmes of the
parties elected by a majority in the parliaments and entrusted with the government or their coalition
agreements are implemented. In addition, individual actors both within and outside the government
follow non-public and often economically conditioned power interests, which are, however, only par
tially brought into the government and into democratic public processes by lobbies. Other goals and
programs are pursued in a covert manner.
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In the case studies, especially in the Scandinavian case studies, a comparatively viable political con
sensus about the desired change could be observed. Objectives were set consensually, their imple
mentation was regularly reported on and, if necessary, measures were taken to correct deviations
from objectives. The influence of lobbies was barely discernible in some case studies, although indus
tries that might have had an interest in influencing the plans in the cases investigated are also only
weakly represented or not represented at all in the respective countries.
The fact that a successful redirection can be achieved by means of a sophisticated economic trend
control is clear and has already been discussed under Research Question 1. This steering must make
the new sustainable solutions economic and ensure that old, non-sustainable solutions become une
conomic. Detailed regulations of regulatory law promote change where economic efficiency has little
influence. It is also important whether a political majority is able to push through the introduction of
demanding economic interventions and regulatory regulations in society, but also within the ministe
rial administrations, and to maintain the speed of change. Against this background, the provisions of
the Climate Protection Act (Die Bundesregierung, 2019) for regular review and follow-up in the event
of failure to meet the targets may be an important instrument. Although the resolutions on eco
nomic incentives and regulatory provisions in this Act, which were passed in September 2019 and
amended in December, are absolutely inadequate from the point of view of critical science and do
not show any understanding of the problem situation (Götze, 2019; Rahmstorf, 2019), the Act itself,
with its provisions on target monitoring, may under certain circumstances offer the opportunity to
sue for stricter regulations if targets are not met. In this way, however, the Act nevertheless achieves
a core objective of the climate change sceptics' agenda: it further delays the necessary change of
course and, from the perspective of science, to a point in time that is finally too late for effective ac
tion (Rahmstorf, 2019).
Research question 3: Which contextual and actor-related conditions and factors are central and to
what extent can these be applied to a transformative environmental policy in Germany?
The absence of conflicting economic interests is undoubtedly helpful for the speed of transition.
However, this finding cannot be applied to German core sectors of the transition to sustainability,
namely energy, mobility, and agriculture, because there are powerful economic counterforces that
draw an economic advantage from the previous non-sustainable systems. Rather, Germany is the
seat of globally active companies in all these sectors, which derive considerable benefits from delay
ing or avoiding the transition to a sustainable economy. The Volkswagen Group with its increasingly
convincing strategy for entry into electric mobility could be a first exception here. However, it re
mains to be seen whether it will be able to maintain its role as a "transitional leader" in the long term
and how this will affect other established players in the automotive industry.
In addition, a culture of cross-party political cooperation and consensus-building is obviously of great
importance for successful transition. Such a culture is also not to be found in Germany, with its pro
nounced particular interests and strong lobbying structures, to the same extent as in the Scandina
vian countries, for example.

39

Research question 4: Against this background, how are concepts of the activating and coordinating
state on the one hand and of transition field-related innovation communities on the other to be
assessed?
The application of concepts of the activating and coordinating state is based on trust in the personal
responsibility and honesty of economic actors and uses instruments such as negotiation and volun
tary commitment. We did not find the application of this concept in the case studies, and it does not
appear to be recommendable for Germany either. Instead, in all cases of successful transition a com
bination of effective economic incentives and regulatory provisions played a major role. An economic
incentive is "effective" in cases where it makes sustainable solutions more economical than non-sus
tainable ones. Economic instruments must therefore throw a switch. Just as a lamp is either on or
off, a new solution may or may not be economical. So, since economic instruments are switches,
they have to be used effectively. Undersized economic incentives do not work and ultimately place
an unnecessary burden on the actors. If, for example, certain CO2 prices are exceeded, Edenhofer et
al. (2016, S. 207), for example, expect "significantly stronger volume reactions".
The concept of promoter networks or so-called "Innovation Communities" (Fichter, 2009; Fichter &
Beucker, 2012) focuses on the close cooperation of key persons, called “promotor”, who want to
jointly advance an innovation and was developed to describe and explain the implementation of radi
cal innovations. The concept focuses on the development and implementation process up to the
market launch or the first successful application. Although the concept of promoter networks can
also be applied to later phases such as the diffusion of innovations, it was not explicitly used in our
empirical studies. However, as the case studies have shown, changes in network structures and key
actors play a central role in the transition process. For further research on the governance of radical
system transformers, the concept of promoter networks can play an important role, but must be
adapted to the phase of diffusion. It should be examined to what extent this key-person concept can
be combined with other approaches, such as so-called "communities of practice" (Wenger, 2008) and
with the theories and approaches of network and lobby research and can be condensed into an ap
proach called "diffusion communities" or "transition communities". These could ensure the for
mation of strong alliances and, together with social stakeholders and NGOs, science and parties close
to them, could bring about the decisions for the political implementation of the transition and thus
ensure the directional security of the further actions of the actors in business, politics and admin
istration.
Research question 5: How must an orchestration of policy strategies, policy instruments and actor
roles look like, so that a radical environmentally friendly system transition of the building-related
heat supply in Germany can succeed?
First steps towards the development of structures within the instruments of transition listed by Ki
vimaa and Kern (2016) were taken by grouping them into four basic strategies (see chapters 5 and 6).
On the basis of this work, ideas for orchestrating policy strategies, policy instruments and actor roles
will be developed in greater depth in the further course of the project.
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The question of multi-level governance will also play a role in this. The investigated cases from Ba
den-Württemberg and Copenhagen already show that at lower levels of governance only a limited
range of instruments is available and that goals that are beyond the scope of federal policy are hardly
attainable.
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7

Consequences for eco-innovation policy

7.1

Policy strategies and policy instruments

The concept developed by Kivimaa & Kern (2016) for the study of policy instruments and policy mixes
in transition processes (Table 2) was slightly extended and adapted by us for the study of the govern
ance of radical system transitions. This classification framework of policy instrument types has
proven its worth in the analysis of the seven transition cases studied and can thus be used as a basis
for the further work steps of the project, but also generally for the development and implementation
of a transition-related eco-innovation policy.
The empirical analysis of successful cases of radical system transitions reveals four basic patterns or
basic strategies which can be assumed to be essential for successfully managing the fundamental
change of large supply and product use systems. The four basic strategies were presented in Chapter
6. As a conceptual framework, the following presentation is the basis for further work in the project:

Figure 2: Conceptual framework for the study of policy strategies and policy instruments in radical system
transitions

Source: Authors.

Figure 3 below shows the basic strategies and Figure 4 the political instruments of transition in a pro
cess-related classification and orders them over time.

42

Figure 3: Ideal-typical use of basic strategies for the transition of large supply and product-service systems

Source: Authors.

The starting point is always a political goal of the transition, which is the basis for developing and
maintaining directional security (Basic Strategy 1). There should be agreement on goals and they
should be socially legitimized. Reliability of direction can be questioned in the early phase of transi
tion through diagnostic framing by questioning the reason for the need for change. Prognostic fram
ing can also be used to question the direction of change and thus delay the transition process. Net
work structures of the established regime will tend to hinder the transition, which is why not only
legitimacy and support for the transition idea must be built up in this phase, but in parallel with this,
awareness of transition-critical structures and networks must be developed and they must be dealt
with consciously and actively.
If the technical basis for a transition is not given, e.g. reliable technologies for the production of re
newable energy as well as automobiles with alternative drives simply did not exist in the 1970s and
1980s, the availability of a functional, cost-effective and scalable alternative must be created by soci
ety through research and development, the promotion of start-ups and entrepreneurship and the
development of niche markets (Basic Strategy 2). In parallel to the implementation of innovation in
the mass market, research and development must also continuously drive improvements in the per
formance, quality and costs of key innovations.
In the hot phase of transition, strong instruments are at the forefront of policy, which, through high
subsidies or the internalisation of external costs, establish the economic viability of the better alter
native and, in parallel, accompany the dissemination of the alternative solution through regulatory
provisions, e.g. in licensing law, and initiate the exnovation through targeted bans. The diffusion of
the alternative solution into the mass market is inseparably connected with organizing the disappear
ance of the established but unsustainable solution from the mass market (exnovation) and ensuring
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a synchronization of diffusion and exnovation (Basic Strategy 3). Implicitly, the presentation indicates
that it is significant to enter the "hot phase" of transition with the instruments of regulatory and eco
nomic control when external events open a political window of opportunity (Kahlenborn et al.,
2019).
In the hot phase of transition, considerable resistance from the established regime must be ex
pected. On several occasions, for example, the progress of transition processes has been effectively
impeded by a questioning of the path switching costs, e.g. by the electricity price brake in Germany
(Anonym, 2012), but also in the context of the Norwegian transition to electric cars (Clausen, 2019b).
Continuous efforts to reduce costs represent a counterstrategy to the counterstrategy here. The ar
gument of personal freedom is often cited against bans of any kind, justifying the continued use of oil
heating systems and diesel engines (Clausen & Beucker, 2020; Pausch, 2020). An effective counterstrategy is also to tolerate prohibitions, but at the same time to ensure that no enforcement takes
place and thus the prohibition remains ineffective.

Figure 4: Ideal-typical application of the instruments of the basic strategies for transforming large supply and
product-service systems

Source: Authors.

As our case studies have shown, radical system transitions also always depend on the targeted devel
opment and creation of the necessary infrastructures (electricity, heat, water networks, railways,
testing and certification institutions, etc.) through government action and government support (Basic
Strategy 4).
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7.2

Taking the speed of transition into account

Throughout the entire process of transition, in addition to the continuous development and improve
ment of the alternative, the question of counter-strategies must be permanently examined and in
cluded in the planning of transition policy. For it must be remembered that we are under time pres
sure with regard to climate change. This can be seen if we relate the "transition speeds" observed in
the case studies to the reduction of greenhouse gas emissions that will be necessary in the future.

Figure 5: Emission trajectories until 2040 and transition speeds

Source: Authors based on Rahmstorff (2019).

The curve corresponds to a remaining residual budget for Germany of 7.3 Gt CO2 and represents an
emissions budget for Germany that is compatible with the Paris Agreement. The lines marked with 0
to 0.5%, 1%, 2% and 10% represent the spectrum of transition speeds of the cases studied.
The findings on the speed of transition alone suggest that governments worldwide are irresponsibly
hesitating to take effective measures. And every year that does not bring about a turnaround further
increases the pressure to act.
One of the central mistakes in the governance of radical system innovations is therefore likely to be
to follow wrong paths, to fail to achieve the necessary speed of transition, and to hope that too weak
measures will have too strong an impact.
If only to get a clearer idea of the temporal sequence of major system transitions, it should be noted
at this point that further case studies of the kind created in "Go" would be helpful to increase
knowledge of these processes that are central to the survival of mankind.
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