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Preface
Setting the course for the future
The public perception of sustainability has shifted several times over the past few decades. In general, sustainability is under-
stood to encompass environmental, economic, and social aspects. 

During the years of the post-war economic boom and into the 21st century, economics was the dominant focus. Prosperity 
for all was the motto at the time. As far back as 19781, Professor Hoimar von Ditfurth was telling of the consequences facing 
the environment and climate on popular television. However, it was not until 1992 at the Earth Summit in Rio de Janeiro, the 
forerunner of the UN Climate Change Conferences and the UN Framework Convention on Climate Change, which came into 
force in 1994, that the potential consequences and counter measures were discussed at a political level. At the turn of the 
21st century, the environmental perspective came to the forefront in the eyes of the public, which led to political agreements 
– or rather, in hindsight, to statements of intent – to counter the threat of climate change. The war of aggression against 
Ukraine on February 24, 2022 brought the social perspective quickly and dramatically into the spotlight. Peace in Europe, per-
ceived as a matter of course, was swept away; the desire for freedom, security of supply, prosperity, and social justice pushed 
the other dimensions into the background.

It is important to acknowledge these shifts, as we can only create a successful future that is suitable for future generations if 
all three principles of the magic triangle of sustainability are balanced: economic, environmental, and social.

Achieving this balance does not mean that we have to make sacrifices, and historically this is neither desirable nor sufficiently 
enforceable. Offering rather than banning is traditionally a more successful approach for the human mindset. In addition to 
offers of long-term systemic and behavioral changes for people and companies, the appropriate use of technology also 
offers significant promise for a balanced triangle. It is a question of using tech to help with the transition away from fossil fuels 
and to manage the environment and resources. 

These technologies are known as GreenTech and are used in energy production, its management and distribution, and the 
consumption and conservation of resources. They also open up opportunities for wealthier, industrialized nations to move 
their Earth Overshoot Day from the first half of the year to the end of the year2.

Although Germany directly contributes “only” 2 per cent of global CO2e emissions3, it continues to serve as an example for 
many nations striving for prosperity. And if Germany or Europe manages to achieve prosperity without compromising  
sustainability, then there is nothing to stop these countries following its lead. This, in turn, offers new economic oppor-
tunities for us. This study will investigate whether Germany is on the right path to taking a pioneering role in the field of 
sustainability and to becoming a lead exporter of GreenTech.

I hope you gain extensive knowledge and wish you every success on this journey 
– for increased sustainability, for a better future.

Dr. Oliver Kelkar
Associated Partner, Head of Market Intelligence and Innovation, MHP

1  Hoimar von Ditfurth, Querschnitt – Der Ast auf dem wir sitzen (Cross Section – The Branch on Which We Sit), two-part broadcast on ZDF, 1978.
2  On July 28, 2022, humanity will have used up all of the natural resources that the Earth can regenerate within a year and thus make available to us on a 

sustainable basis. Germany’s individual Earth Overshoot Day is May 4, 2022.
3 Note: Indirect emissions that arise along supply chains are many times higher.
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The label “GreenTech” encompasses technologies that 
help us to contribute toward our sustainability goals, plac-
ing this concept at the interface between technology and 
sustainability. From a global perspective, technologies such 
as hydrogen, solar technology, wind power, or artificial intel-
ligence are often developed in conjunction with the United 
Nations Sustainable Development Goals (SDGs). Green-
Tech technologies such as these are recognized as having 
great growth potential and thus a significant impact on the 
prosperity of a country and the labor market.

Due to the claimed impacts of GreenTech, the topic is also 
highly relevant for the new German Federal Government. 
The strategy of the new Federal Government is closely in-
tegrated with European and global initiatives, such as the 
Paris Agreement, the European Green Deal and the re-
cent Climate Change Conference in Glasgow (COP26).  
GreenTech plays an essential role in the fight against cli-
mate change. The new coalition is therefore relying on the 
impact of technology on sustainability and the associated 
significant economic growth that comes with a strong Gre-
enTech strategy. These concepts are just as important for the 
German domestic market as they are for exports. 

The action of the Federal Government is influenced by 
the coalition agreement. This study therefore draws upon 
the coalition agreement and analyzes the goals and strate-
gies that have already been defined with regard to Green-
Tech for Germany. Specifically, the question arises as to 
whether the new Federal Government’s strategy is sufficient 
to successfully position Germany as an internationally com-
petitive GreenTech export nation.

In this sense, the definition of the term GreenTech and the role 
of digital technologies in the implementation of GreenTech 
are relevant to this study. As well as looking at GreenTech as a 
concept, the environmental, economic, and social impacts of 
GreenTech are summarized in the form of a reference model. 
This model describes the levers from a political and business 
point of view to successfully position GreenTech – Made in 
Germany as a key competitor on an international scale.

From a methodological standpoint, this study is based on 
a multi-stage approach. On the basis of existing literature 
from other studies, scientific publications such as working 
papers, and web pages on the topic of GreenTech, a detailed  
meta-analysis of existing studies, scientific publica-
tions, reports, and web pages has been compiled. 

Like many of the latest buzzwords, the term GreenTech does 
not have an exact definition. In general, the label “Green-
Tech” encompasses a whole range of technologies that help 
us to contribute toward our sustainability goals, placing this 
concept at the interface between technology and sus-
tainability. GreenTech is discussed in different ways from 
different perspectives. Depending on the approach, digital 
technologies are understood to be either cross-sectional 
technology, enablers, or independent divisions for Green-
Tech. There are also uncertainties with regard to the environ-
mental, economic, and social effects of GreenTech.

The blurred concept and vague definition of the technolo-
gies and effects of GreenTech make it difficult to offer an 
effective evaluation of the political agenda for Germany as a 
business location. This meta-analysis therefore serves as a 
reference framework for assessing Germany’s position as 
a business location. 

The reference model can be divided into three sections: 
concept, impact, and growth. The concept section deals 
with the definition of GreenTech, essential technologies, and 
the relationship between climate transformation and digital 
transformation. The impact section summarizes the current 
state of research with regard to the environmental, econom-
ic, and social effects of GreenTech. Finally, the growth sec-
tion addresses the political and industrial targets and mea-
sures for promoting the effects of GreenTech.

Deriving from this, a subsequent evaluation of the coa-
lition agreement leads to the following conclusion: In 
general, the coalition agreement contains many targets and 
measures that can be classified in the reference model. How-
ever, the concept of GreenTech itself is not addressed within 
the coalition agreement. The link between climate change 
and technology is not awarded enough significance, given 
that it is of central importance for the transformation to-
ward a socio-ecological market economy. Environmental 
effects, economic growth, and social equity should be 
established almost simultaneously. The interaction of these 
dimensions needs to be made clearer and substantiated in 
the form of a master plan. 

A comparable finding applies to the topic of digitalization. 
The coalition agreement does address the key areas of digi-
talization. However, given the importance of digital technol-
ogies in transforming the economy and society, a greater 
emphasis on the importance of digital technologies for 
growth and for achieving environmental goals is desirable. 
The approaches outlined above with regard to bundling 
the competencies of the Federal Government and the 
promotion of key information technologies should be high-
lighted positively. Unfortunately, the connection between 
digital transformation, climate change, and GreenTech is not 
addressed thoroughly enough.

From an environmental point of view, the new Federal Gov-
ernment highlights the targets and measures in place for 
tackling climate change. These are urgently needed against 
the backdrop of the Paris Agreement targets and the Europe-
an Green Deal. The individual building blocks of the coalition 
agreement have been set appropriately. Overall, the economic 
and social effects of GreenTech are not sufficiently addressed 
and the statements on these effects generally remain super-
ficial. In particular, the interaction between the three sustain-
ability dimensions is not adequately addressed.

In the discussion on growth strategies, the new Federal Gov-
ernment focuses on the sectors of mobility and energy, 
as well as promoting start-ups. The targets and measures 
outlined in these areas are very well formulated and clearly 
defined, meaning that the coalition agreement provides a 

good basis for further implementation. The Federal Govern-
ment’s strong focus on promoting start-ups and the plans to 
simplify access to risk capital should be highlighted in a par-
ticularly positive way. However, the statements in the coali-
tion agreement regarding the promotion and transformation 
of small and medium-sized enterprises are much weaker. 

What’s more, the coalition agreement remarkably offers 
relatively little content in relation to other sectors such 
as industry, agriculture, and the building sector. The fo-
cus clearly lies on the energy transition, the expansion of 
renewable energies, the design of energy networks, and the 
sectoral adaptation of the automotive industry. Measures in 
the areas of energy and resource conservation or the circular 
economy, as well as corresponding implementation in the 
other sectors of the economy, are weak.

A survey of 40 experts from politics and business will be 
presented as the final phase of this study. The methodology 
follows an exploratory research design. Data was collected 
from individual interviews conducted either online as video 
conferences or by telephone. The results of the expert sur-
vey support the reference model. The experts consistently 
described digital technologies as a key success factor for  
GreenTech. Digital technologies are fundamental to Green-
Tech. They enable data analysis, create transparency, control 
systems, and create networks. Some experts even view digi-
tal technology as the heart of GreenTech.

Overall, it can be said that the respondents generally attribute 
a high environmental potential to GreenTech technolo-
gies and identify a large number of climate-friendly effects. 
However, most experts consider it to be very difficult to quan-
tify this environmental potential at this point in time. 

The economic effects cited by the experts are primarily pos-
itive growth effects. Almost 50 per cent of the experts 
surveyed expect this growth to be as a result of green tech-
nologies, which falls in line with the general growth mo-
mentum of the GreenTech industry. The experts expect to 
see dynamic growth rates in the coming years and predict 
that GreenTech’s share of German gross domestic product 
will increase in the short, medium, and long term. The eco-
nomic growth of the GreenTech sector has a positive effect 
on the labor market.

In addition to their general evaluation of the economic ef-
fects, the experts were asked to rank a number of sectors ac-
cording to the scale of their economic growth effects through 
GreenTech and their practical implementation potential by 

2030. These sectors were: industry, transport, buildings, 
energy, agriculture, and waste management. The ex-
perts surveyed expect to see the greatest transformation from 
GreenTech in the energy and transport sectors, followed by 
industry and, to some extent, by buildings and agriculture.

With regard to evaluating the political agenda of the new 
Federal Government, the respondents approved of the tar-
gets and measures put in place to promote GreenTech. In 
total, almost 60 per cent of the respondents rated the 
Federal Government’s targets and measures as fundamental-
ly suitable for promoting GreenTech. However, at the same 
time it is noted that the implementation of specific measures 
is still outstanding or has potential for expansion. The ma-
jority of respondents consider the targets and measures for 
promoting the substitution of fossil fuels as primary 
energy sources to still be far from sufficient. The targets 
set out in the coalition agreement are viewed positively, but 
concrete measures are only just beginning to be identified. 
Currently, the government’s efforts to promote the transi-
tion to a circular economy seem to be the least noticed. 
However, the experts surveyed did believe that targets and 
measures to position Germany as an export nation are 
clearly recognizable. Almost half (43 per cent) of the respon-
dents could identify the targets and measures, although the 
targets were more present than the measures. 

Finally, the experts were asked about the key success fac-
tors needed to promote GreenTech by 2030. Most experts 
identified key success factors, particularly in the areas of 
finance and funding, policy frameworks, and research 
and development. The majority of the respondents see the 
finance and funding of GreenTech as a central design el-
ement. The experts hope that policies will include reliable 
and ambitious goals and framework conditions. The focus 
is on predictability through a long-term, stable, and calcu-
lated political strategy. The reduction of red tape is also 
mentioned as a success factor. As in the field of funding and 
financing, the experts call for faster decisions. In addition, 
the experts attached great importance to the major goals 
that are necessary to drive innovation. The European Green 
Deal was cited as a good example that helps to achieve a 
common goal. This is also important to achieve long-term 
goals. Private and industrial investment decisions in particu-
lar need a clearly defined environment and thus a clearly 
defined strategy. This is not only due to political factors and 
the Federal Government, but also to individual companies 
that want to position themselves in the field of GreenTech.

However, without the right partners on board, it is difficult 
to achieve ambitious goals. The experts rely on players net-
working with one another as it is no longer enough to 
simply be inventive. A common understanding and interna-
tional partners are needed to enable Germany to compete 
in the international market. Internationally functioning value 
chains and models have long been indispensable for success.

In order to combat pollution and the wasteful use of resourc-
es, the experts see a need to control and put a price on 
resource consumption. CO

2 pricing with reliable growth 

50%
of the experts surveyed expect this growth 

to be as a result of green technologies
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rates is seen as a suitable instrument for this. The carbon 
footprint of products and companies should also be included 
in company reporting alongside all of the financial factors, 
as the environmental impact is just as important as the gen-
erated turnover. 

Finally, ten recommendations for action can be derived 
from the reference model, the analysis of the coalition 
agreement, and the expert survey. These recommendations 
are fundamentally relevant to the successful further develop-
ment of GreenTech:

Although the ten recommendations for action presented 
above have been derived from the analysis of the reference 
model, coalition agreement, and expert survey, the set pri-
orities should not be considered final. From reading the in-
dividual results, a large number of further recommendations 
can be defined that are relevant for politics and business. 
This demonstrates how the further development of Green-
Tech is characterized by a high degree of complexity. The 
density of the relevant design parameters is high. Reference 
models are an essential tool for presenting complex systems 
in a simplified way. In this way, further opportunities for sus-
tainable development can be derived from the GreenTech 
reference model and the results of the meta-analysis and 
expert survey.

Technology as a key factor in tackling the 
climate crisis

Digital transparency as a prerequisite for a 
circular economy

Vision and master plan for sustainable 
implementation

Interaction of the three sustainability 
dimensions

Increased momentum in the  
implementation phase

Focus on digital business models

Technology alone is not enough

Simple financing models for start-ups  
and SMEs

Review and adjustment of regulatory 
framework conditions

Specific measurement of sustainability effects

RFA 1

RFA 2

RFA 3

10 Recommendations for Action 

RFA 4

RFA 5

RFA 6

RFA 7

RFA 8

RFA 9

RFA 10
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Study
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1.2 Questions in the study

1.3 Study design and methodology

14 15

G
reenTech – M

ade in G
erm

any  |  A
bout the G

reenTech Study



1.1

The problem
The label “GreenTech” generally encompasses technologies 
that help us to contribute toward our sustainability goals, 
placing this concept at the interface between technology 
and sustainability. From a global perspective, technologies 
such as hydrogen, solar technology, wind power, or artifi-
cial intelligence are often developed in conjunction with the 
United Nations Sustainable Development Goals (SDGs).  
GreenTech technologies such as these are recognized as hav-
ing great growth potential and thus a significant impact on 
the prosperity of a country and the labor market.

Due to the claimed impacts of GreenTech concepts, the topic 
is highly relevant for the new German Federal Govern-
ment. GreenTech plays an essential role in the fight against 
climate change. The new coalition is therefore relying on 
the impact of technology on sustainability and the associ-
ated significant economic growth that comes with a strong 
GreenTech strategy. These concepts are just as important for 
the German domestic market as they are for exports. The 
question therefore arises as to whether the new Federal Gov-
ernment’s strategy is sufficient to properly position Germany 
as an internationally competitive GreenTech export nation.

The Federal Government’s strategy is influenced by the 
coalition agreement. This study draws upon the coalition 
agreement and analyzes the targets and strategies that have 
already been defined with regard to GreenTech for Germany. 
The plans documented in the coalition agreement are being 
specified in more concrete terms on an ongoing basis by the 
Federal Government or the appropriate working groups. The 
analysis in this study therefore includes all measures defined 
up to the time the study was prepared in May 2022. 

In addition, the study will evaluate which technologies are rel-
evant from a GreenTech perspective as a whole and therefore 
which effects can be realized to help with the substitution 
of fossil fuels as primary energy sources, the protection 
or efficiency of resources, or the transition to a circular 
economy. There is a particular focus on the discussion of 
the role of digitalization in achieving sustainable economic 
management more quickly – the effect of digitalization on the 
impact of GreenTech is given special consideration.

In addition to the general discussion of GreenTech and the 
presentation of its links to the topic of sustainability as a 
whole, the study evaluates the existing strategies for posi-
tioning Germany as a GreenTech export nation and the 
associated effects of this on the economic structure.

This involves analyzing the connections between econom-
ic, environmental, and social effects in the context of 
GreenTech; or in other words, a design that balances tech-
nology, responsibility and trust. In this context, it is particu-
larly relevant whether the Federal Government’s goals and 
strategy regarding ESG (Environmental Social Governance) 
investment criteria end up having a positive impact on  

   How can Germany establish itself as an internationally 
competitive export nation for GreenTech on the basis 
of the targets and strategies set by the Federal Govern-
ment? (See Chapter 5)

All of the questions discussed also form the basis for the 
expert survey (Chapter 4).

1.3 

Study design and 
methodology
From a methodological standpoint, the study is based on a 
multi-stage approach:

1.3.1  
Meta-analysis and derivation of a GreenTech  
reference model 

On the basis of existing literature from other studies, scien-
tific publications such as working papers, and web pages 
on the topic of GreenTech, a detailed meta-analysis of ex-
isting studies, scientific publications, reports, and web 
pages has been compiled. The aim of the analysis was to de-
rive a reference model for GreenTech (see Chapter 2). In line 
with the questions mentioned above, the reference model 
outlines the following elements:

   Definition of the term “GreenTech” and definition of 
the relevant technologies

   Analysis of the role of digitalization in the use  
of Green-Tech

   Analysis of the impact of GreenTech on the substitution 
of fossil fuels as primary energy sources, protection and 
efficiency of resources, or the transition to a circular 
economy

   Analysis of the compatibility of environmental and  
economic factors in the context of GreenTech

   Analysis of social and societal aspects of GreenTech

   Analysis of growth models for technological leadership 
and the changes in Germany’s economic structure as a 
result of GreenTech 

capital markets and on the economic success of Germany 
as a location for business in the medium- and long-term, or 
whether political concepts actually hinder success.

1.2

Questions in the study
For the economic structure of Germany, it is relevant to ask 
which sectors play an important role in the development 
and use of GreenTech. In accordance with the definition by 
the German Federal Ministry for the Environment, Nature 
Conservation, Nuclear Safety and Consumer Protection, this 
study will look at the sectors of energy, industry, trans-
port, buildings, agriculture and waste management 
[1]. For example, the success of Germany as an export nation 
in the field of engineering is still strongly influenced by small 
and medium-sized enterprises based in Germany. An inves-
tigation is made as to whether the success of GreenTech 
Made in Germany will be achieved in the same way both 
by and with German medium-sized enterprises, or whether 
an additional change in the economic structure will occur in 
parallel to this. Finally, the study will also discuss the timeline 
of the climate goals from the coalition agreement and high-
light ideas and recommendations for further development. 
In this sense, the following questions will guide the course 
of the planned studies:

   How is the term GreenTech defined and which technol-
ogies are grouped under GreenTech? (Chapters 2.2.1 
and 2.2.2)

   What role does digitalization play in the impact of  
GreenTech? (Chapter 2.2.3)

   What effects does GreenTech have on the environment 
(focus: substitution of fossil fuels as primary energy 
sources, protection and efficiency of resources, circular 
economy)? (Chapter 2.3.1)

   What are the macroeconomic implications of GreenTech 
and how can arguments for a balance between eco-
nomic and environmental goals be made in the context 
of GreenTech? (Chapter 2.3.2)

   What social and societal impacts can be observed as a 
result of GreenTech? (Chapter 2.3.3)

   How can GreenTech’s development and growth models 
be presented on a national and international scale? 
What changes in Germany’s economic structure can be 
attributed to GreenTech? (Chapter 2.4)

   What targets and strategies has the Federal Govern-
ment put in place to promote GreenTech and how 
should these be evaluated (particularly with regard to 
the balance between economic and environmental 
factors and the achievement of political objectives in a 
reasonable time frame)? (Chapter 3)

1.3.2  
Expert survey

To conduct the expert survey, 40 experts were questioned 
in a semi-structured interview. The sample group was 
made up of experts who deal with the topic of GreenTech in 
their daily work in different functions and forms. In order to 
cover the bigger picture, interviewees from different organi-
zational forms and sectors were interviewed. The following 
organizations were covered:

   Industrial companies
   Companies in the GreenTech industry 
   NGOs (non-governmental organizations)
   Public sector 
   Research 
   Risk capital providers
   Consulting companies

The composition of the sample group is discussed in detail 
in Chapter 4.

The interviews were conducted by telephone or video con-
ference, recorded as an audio file, and then transcribed. 
With the help of qualitative text analysis in MAXQDA, 
the statements were then coded and evaluated. This was 
used to derive the results report presented in Chapter 4. 

1.3.3 
Iterative comparison with the political agenda of the 
new Federal Government 

The political agenda of the Federal Government in office 
since autumn 2021 is primarily set out in the coalition 
agreement. The reference model created as part of this 
study is used to analyze the targets and strategies defined 
in the coalition agreement that are relevant to GreenTech 
for Germany as a business location. Concrete details of the 
defined targets and strategies, for example in the form of 
sets of measures, are included in the analysis. In addition, a 
comparison is made between the evaluations of the expert 
survey results and the targets and measures set out in the 
current political agenda. Finally, the recommendations set 
out in Chapter 5 are derived from this.
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Like many of the latest buzzwords, the term GreenTech does 
not have an exact definition. In general, the label “Green-
Tech” encompasses a whole range of “green” technologies 
that help us to contribute toward our sustainability goals, 
placing this concept at the interface between technolo-
gy and sustainability. GreenTech is discussed in different 
ways from different perspectives. The exact role of digital 
technologies in the context of GreenTech is a vague topic. 
Depending on the approach, digital technologies are pre-
sented as either cross-sectional technology, enablers, or 
independent divisions for GreenTech. There are also un-
certainties with regard to the environmental, economic, and 
social effects of GreenTech.

The blurred concept and vague definition of the technolo-
gies and effects of GreenTech make it difficult to offer an 
effective evaluation of the political targets and measures  
for Germany as a business location. This meta-analysis of 
existing studies, working papers, and web pages on 
the topic of GreenTech therefore serves as a reference 
framework for assessing Germany’s position as a business 
location. The GreenTech reference model is derived as the 
key result of the meta-analysis. 

Reference models are now commonly established in various 
spheres of activity and often form a basis for the discussion 
and evaluation of concepts. However, the GreenTech sector 
is lacking such a reference model. For this reason, the mod-
el in Chapter 2 represents a substantial contribution to the 
discussion on suitable targets and measures to promote the 
effects of GreenTech.

2.1

The GreenTech 
reference model

The GreenTech reference model is divided into three main 
areas: concept, impact, and growth. The concept section 
deals with the definition of GreenTech, essential technolo-
gies, and the relationship between climate transformation 
and digital transformation. The impact section summarizes 
the current state of research with regard to the environmen-
tal, economic, and social effects of GreenTech. Finally, the 
growth section addresses the political and industrial targets 
and measures for promoting the effects of GreenTech.

Figure 1: The GreenTech reference model

2.2

The GreenTech concept
The GreenTech concept is currently subject to various de-
velopments. Consequently, the following chapter deals 
with the fundamental terms. The term GreenTech will first 
be defined. A list of the technologies associated with the  
GreenTech label in the context of this meta-analysis will then 
be presented. Finally, the role of digital technologies in 
the context of GreenTech will be discussed.

2.2.1
GreenTech: definition

There is no clear definition of GreenTech in existing literature 
[2]. Instead, the term “GreenTech” has to be defined accord-
ing to its fields of application and impact [3]. The GreenTech 
label encompasses all technologies that contribute to national 
and international sustainability goals [4]. These sustainability 
goals can be tackled using various measures at different levels, 
which is why the GreenTech concept is divided into a 6-stage 
framework for action with the following priorities: 

(1) Energy sources and energy carriers
(2) Energy production, distribution, and storage
(3) Energy efficiency 
(4) Sustainable materials and products
(5)  Sustainable product design, manufacturing,  

and value-added processes
(6) Circular economy and product life cycles

Unlike conventional, non-green technologies, GreenTech 
saves resources and energy while simultaneously reduc-
ing environmental impact [5]. In this sense, it is irrelevant 
whether GreenTech is used in products, services, or process-
es – it will still achieve the essential effects [6]. GreenTech is 
cross-sectoral and present in almost all areas of life [3], [7]. 
As such, GreenTech’s success is dependent on the interac-
tion between science, economy, and technology. 

Energy sources and energy carriers

Energy sources are used to generate useful energy such as 
electricity or heat, which are made usable by different ener-
gy carriers. The German Federal Ministry for Economic Af-
fairs and Climate Action lists nine primary energy carriers 
that are used as primary energy sources in Germany. Since 
the beginning of the 1990s, the share of renewable energy 
sources, such as hydro and wind power, in primary energy 
consumption has seen significant growth, reaching 16 per 
cent in 2021 (see Figure 2) [1]. In 2020, more electricity was 
generated from renewable energies than from fossil fuels 
such as coal, oil, and natural gas for the first time [8]. It is 
also expected that the growth in renewable energy sources 
and the production of green hydrogen will further accelerate 
as a result of the current conflict in Ukraine and the associ-
ated sharp rise in energy prices. Coal and nuclear power are 
currently being discussed as short-term bridging solutions. 
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GreenTech can already be used in energy production by 
making processes or products more efficient, whether for 
fossil, renewable, or nuclear energy sources. In addition to 
optimizing our use of existing energy sources, Green-
Tech can also facilitate the development and introduction 
of new, clean energy sources. One example of this is the 
use of hydrogen as an energy carrier, which can contribute 
to global decarbonization [9].

Energy production, distribution, and storage

Energy production describes the process by which the afore-
mentioned energy sources are converted into useful energy. 
GreenTech can increase efficiency in complex processes, 
for example by reducing the quantity of raw energy sourc-
es used and by enabling sustainable energy production. A 
prominent example of GreenTech in power distribution is 
the use of smart grids, which use information and com-
munication technology to create a network of power plants, 
storage facilities, and consumers in order to deal with power 
fluctuations. The energy produced, distributed, and stored is 
adapted to the current network situation [9]–[11].

Energy efficiency

In general, energy efficiency refers to the ratio between a 
particular benefit gained and the energy used (e.g. provision 
of light or heat). The less energy that is required, the more 
energy-efficient a product or service is. However, in the con-
text of the energy transition, it is not only energy efficiency 
that is a deciding factor, but also the reduction in the over-
all energy demand [4], [12]. 

This means that the resulting rebound effect must be 
taken into account. The rebound effect refers to the 
phenomena when resources that were originally saved 
are used up elsewhere, for example through addition-
al consumption or energy usage, meaning that savings 
that were originally achieved may be counteracted. It 
is considered to be an important factor with a long-term  
impact on CO2 emissions and must therefore be taken into 
account when calculating savings potential. When rebound 
effects occur, the focus of environmental technologies 
should shift from energy efficiency to reducing ecosystem 
damage, such as the capture, storage, and disposal of pol-
luted air or waste [13], [14]. 

Sustainable materials and products

In order to achieve climate goals, a holistic approach must 
be taken when it comes to sustainable materials. GreenTech 
plays a central role in the manufacture and use of sus-
tainable materials in a wide range of fields, such as the 
construction, automotive, and textile industries that use lin-
en, hemp, or recycled polyester [9], [15].

Sustainable product design, manufacturing and 
value-added processes

GreenTech encompasses products, processes, and services 
that incorporate renewable energy generation, green drive 
technologies and infrastructure, material, raw material and 
energy efficiency, and environmental and water manage-
ment, and that make a significant impact in this area. The 
main aim here is to develop technologies that are sustain-
able and protect the environment, but also those that are 
sustainable in their production, including technologies 
with environmentally friendly supply chains. This also affects 
the design of GreenTech products. In this instance, the fo-
cus is on cradle-to-cradle design and the termination of the 
cradle-to-grave cycle of manufactured products [2], [16].

Circular economy

The concept of a circular economy is founded on the idea of 
a completely regenerative value chain, which does not 
require the consumption of finite resources and reduces the 
generation of waste [17]. Key components and principles 
of the circular economy are, for example, circular business 
models, circular product design, longevity, retrofitting, leas-
ing and sharing models, repairing, and re- or upcycling. The 
path to a successful circular economy can be achieved with 
the 9R framework [18]. Green technologies can make a sig-
nificant contribution toward the circular economy, partic-
ularly in establishing a sustainable product design, making 
efficiency improvements in the production process, or recy-
cling end-of-life products [19], [20].

2.2.2
GreenTech: Relevant technologies

GreenTech technologies can be found in all fields and sectors. 
Their environmental effects differ depending on their applica-
tion. The following overview gives an insight into the relevant 
GreenTech technologies in different fields of application and 
sectors, as found in the studies in this meta-analysis.

Renewable energies

Renewable energies are energy generation technologies 
that do not require fossil fuels and are either emission-free 
or have significantly reduced emissions. Renewable energies 
only reach their full environmental potential when combined 
with optimized energy efficiency, improved networks, and 
distribution and storage technologies [9], [11], [21]. In par-
ticular, these technologies include:

   Photovoltaics
   Solar-thermal power plants
   Solar-thermal energy
   Wind power (onshore, offshore)
   Hydropower
   Geothermal energy
   Biogas
   Biomass power plants
   Green hydrogen
   Liquefied natural gas (LNG)

Energy efficiency

Technologies that reduce energy consumption or energy 
loss contribute to energy efficiency. These include energy- 
efficient production processes, energy-efficient building 
technologies, and energy-efficient electronic devices [11], 
[13], [21], [22]. 

   Efficient heating, ventilation, and air-conditioning  
technology

   Passive houses/net-plus energy houses
   Smart buildings
   TopoActive vehicles
   Heating and cooling networks
   Heat pumps
   Combined heat and power plants
   Use of waste heat
   Energy-efficient lighting (e.g. LED)
   High-efficiency materials

Energy networks, distribution, and storage

In order to transfer as much energy production to renewable 
energies as possible, energy networks and storage must 
be adapted. Unlike coal-fired power plants, for example, the 
production of renewable energies is dependent on the envi-
ronmental conditions. For this reason, the energy generated 
must be optimally distributed and stored so that the energy 
can be used where and when it is needed [7], [10]. Green-
Tech in the energy domain therefore represents a synergy 
of energy production, energy efficiency, and energy distri-
bution and storage [6], [23]. Technologies that contribute to 
this optimization are:

   Long-term energy storage
   Advanced control systems
   Software and communication technologies
   Vehicle-to-grid integration
   Building-to-grid integration
   Green hydrogen

   Hydrogen as fuel for road transport,  
aviation fuel, marine fuel

   Hydrogen for ammonia production
   Hydrogen for steel production
   Hydrogen transport

   Smart grids
   (Smart) counting and metering devices

1990 2021*

Nuclear energy

Renewable energies

Other energy sources**

Hard coal

Lignite

Crude oil

Gas
Figure 2: Comparison of the consumption of primary energy by 
energy carrier in 1990 and 2021 [1]

*Provisional figure
**Renewable energies included with other energy sources up until 1999, recorded 
separately from 2000. These other energy sources are: non-renewable waste, waste heat 
and foreign trade balance of district heating and electricity

Source: For 1990: AG Energiebilanzen, Evaluation Tables of the Energy Balance for Germany, 
as of September 2021; For 2021: AG Energiebilanzen, Primary Energy Consumption 2021, 
as of December 21, 2021
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Water and water treatment

Within water usage and water treatment, GreenTech tech-
nologies are mostly used to optimize existing processes 
[2], [6]. However, GreenTech can also be used to make wa-
ter distribution more environmentally friendly [3], [24]. 
Relevant fields of application for GreenTech in this area are:

   Water collection and treatment
   Water networks, leak detection 
   Early detection of quality issues
   Digital twins: self-learning, flexible, and  
adaptive water systems

   Reducing the use of fossil fuels in the construction  
and operation of water-based facilities

   Smart optimization and securing of the water supply
   Collection and transport of waste water
   Waste water treatment, sludge processing, energy 
management

   Waste water treatment plants, recovery of  
substances during wastewater treatment

   Increased efficiency in water use
   Innovative sanitary systems

Sustainable mobility

In the field of sustainable mobility, GreenTech is focused on 
emission-free drive systems and the reduction of emis-
sions from conventional drive technologies [7], [10]. 
A reduction in the number of kilometers driven thanks to 
optimized private transport and efficient public trans-
port also falls under the umbrella of green technologies in 
the field of mobility [11], [16]. The technologies in this field 
include:

   Public transport, electric buses
   Electric trucks, electric bikes
   Hybrid drive
   Fuel-cell drive
   Rail vehicles and infrastructure
   Battery technologies, battery control systems
   Smart city solutions

   Charging infrastructure
   Smart and shared mobility
   Traffic control and optimization, traffic light control 

(also for rail)
   Networked individual transport

   Intelligent logistics
   Increased efficiency of combustion engines, lightweight 
construction technology, energy-saving tires

Sustainable agriculture and forestry

In agriculture and forestry, the use of green technologies is 
aimed at increasing the efficiency of food production 
[16], [25]. This is achieved primarily through the use of digi-
tal technologies [6], [11], [26]. However, in this context, the 
production of substitute products also falls under green 
technologies.

   Light transport (natural lighting)
   Planted paneling and exterior walls
   Integrated photovoltaics

Digital technologies

Digital technologies play a crucial role in many GreenTech 
technologies. They are therefore considered to be an ex-
ample of cross-sectoral technology and are discussed in 
detail in Chapter 2.2.3 because of their high significance 
for GreenTech. 

Raw materials and other materials

Sustainable materials management uses technological ap-
proaches to efficiently extract, produce, and use raw 
materials and other materials [6]. GreenTech approaches in 
this field not only help to use raw materials and other mate-
rials more efficiently, but are also the basic prerequisite for 
creating a circular economy [11], [21].

   Green materials, decarbonization of primary industries
   Material-efficient production processes
   Renewable raw materials
   Protection of environmental goods
   Green mining
   Ocean tech (sustainable use of marine resources)
   Manufacture of material and plastic products
   Processes in the chemical industry
   Paper and pulp production
   Biotechnology, nanotechnology, organic electronics
   Natural insulation materials
   Bioplastics
   Composites
   Packaging 4.0, reduction of waste in the production  
of packaging and prevention of product loss due to 
ineffective packaging

   Sustainable smartphones

Carbon capture

The term carbon capture describes technologies that aim to 
collect, bind, and partially recycle CO2 from the air [13], [20]. 
This also includes technologies that absorb CO2 at the source 
of the emissions as soon as they are generated [10], [29]. 
Some examples include:

   Afterburning technologies
   Direct air capture
   Bioenergy with CO2 capture and storage
   Biocoal
   Carbon-enriched cement

Circular economy

The aim of the circular economy is to return, wherever pos-
sible, all used resources to the recycling loop [17]. The ul-
timate goal is a net-neutral consumption of resources [20]. 
Technologies in this area include classic recycling or product 
design [30]: 

   Precision equipment
   Robots
   Drones for automated seed sowing, precise fertiliza-
tion, and protection from insects

   Sensor technology
   Smart irrigation

   Vertical farming 
   Blockchain technologies to create transparency and 
ensure compliance with environmental and social  
standards

   Artificial intelligence, e.g. for reducing waste by  
forecasting demand

   Meat substitutes
   Methane inhibitors
   Anaerobic manure processing
   Bioengineering
   Energy-efficient frozen goods
   Geotechnologies and land management
   Soil protection
   Noise protection
   Groundwater and surface-water protection
   Nature and landscape conservation

Sustainable industry

In industry, green technologies are used in different fields 
and sectors [9], [27], [28]. Particularly in production, the 
possibilities are wide-ranging [6], [16]. Here too, digitaliza-
tion plays an important role:

   Digital twins
   Automation in production and logistics
   Mobile working
   Measurement, control and monitoring technology, pro-

cess control
   Pump systems
   Fans
   Electric drive systems
   Heat exchangers
   Compressors
   Multi-packs/returnable (deposit) packaging
   Compressed air and vacuum technology
   Material and supply chain transparency

Sustainable building management

Green technologies in the building industry are primari-
ly aimed at optimizing energy efficiency and reducing 
emissions from building materials [6], [9]. Particularly note-
worthy in this field are energy technologies, digital control, 
and material technologies [16]:

   Smart home
   Building automation
   Networked buildings
   Internet of Things and energy management
   Thermal insulation
   Building Information Modeling (BIM)
   Augmented reality for reducing rework, material con-

sumption, etc.

   Recycling
   Waste collection, transport, and separation
   Material and energy recovery
   Raw material recovery
   Waste-to-energy
   Plastic roads
   Circular by design

2.2.3
The role of digital technologies

Reciprocal relationship

Digital technologies are considered to be extremely import-
ant for the implementation of GreenTech, as the use of digi-
talization technologies is present in almost all of GreenTech’s 
fields of application [6]. GreenTech and digitalization are 
often viewed as having a reciprocal relationship. The Digital 
Policy Agenda for the Environment, published by the Ger-
man Federal Ministry for the Environment, Nature Conser-
vation, Nuclear Safety and Consumer Protection in March 
2020, makes it clear that the two major trends of the 21st 
century, digitalization and the protection of the envi-
ronment and climate, must be brought together [11], [31]. 
Sustainability must be facilitated through technology – and 
vice versa: Until now, the use of data, technologies, and digi-
tal solutions in sustainability initiatives has focused mainly on 
efficiency gains, for example reducing energy and resource 
use, improving decision-making through AI, or transparently 
tracking materials and goods along the supply chain [15].

Cross-sectoral technology

In many fields, digital innovations are the only gateway to 
enabling the use or application of sustainable, green tech-
nologies. Digitalization is therefore often viewed as an en-
abler of GreenTech [5], [11], [30], [32], [33]. In certain ar-
eas of application, this dependence is so pronounced that 
digital technologies have become synonymous with Green-
Tech [34]. Since the use of digitalization technologies runs 
through almost all areas of GreenTech, digitalization is gen-
erally seen to be central to the implementation of GreenTech 
and is referred to as cross-sectoral technology. 

Accelerating factor

By enabling new business models and platform solutions, 
digitalization is proving to be an accelerating factor 
across all sectors [11], [17]. Digital technologies are also 
driving innovation in the areas of emissions avoidance and 
efficiency improvements by creating transparency in produc-
tion processes and supply chains. It is often only through 
this knowledge that opportunities for optimization become 
identifiable [15]. In this way, GreenTech is developing 
faster and faster with the help of digital technologies. 
The use of digital solutions for work, shopping, and leisure 
and their underlying infrastructures has increased signifi-
cantly in a short period of time and thus further strength-
ened the already established long-term growth trend. It is  
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particularly important to stress the significance of data in-
frastructure and the availability of high-performance broad-
band for the entire population, economy, and society.

A driver and central component

Digital solutions drive innovation in many GreenTech 
initiatives [17]. However, digital technologies are also a cen-
tral component of many solutions. Automation and smart 
solutions such as smart farming incorporate digital tech-
nologies as a central function to achieve savings potential 
or efficiency gains [21], [35]. For example, many concepts 
that currently use artificial intelligence would be impossible 
without the use of AI with current technical requirements.

There is a great level of hope surrounding innovative tech-
nologies in the fight against climate change. According to 
estimates, digital technologies could contribute 58 per 
cent to Germany’s 2030 climate target, fundamentally 
changing our ability to achieve the 2030 Agenda [16]. A 
well-designed, environmentally friendly digitalization strate-
gy is therefore seen as a tool for socio-ecological reconstruc-
tion, in which a sustainable economy and sustainable way of 
living, working, and living together are developed. 

Applications

Digital technologies enable companies to design their pro-
cesses efficiently and flexibly and thus open up addition-

al capacity. The main organizational advantage of digital 
capabilities is the creation and analysis of resource con-
sumption and production data [15]. In this way, digitali-
zation can contribute to resource efficiency. The automated 
processing of information opens the door to many efficiency 
gains [33]. In addition, digital technologies establish central 
reference points for company-wide indicator systems, which 
help to make the sustainability goals set by the company 
and its digital strategies measurable and transparent. Digital 
technologies can make a significant contribution by enabling 
the real-time monitoring of a product throughout its entire 
life cycle. In the manufacturing process, this involves trans-
ferring current consumption data or forecasting future con-
sumption data using big data and AI solutions. The transfer 
and analysis of data in the subsequent use phase is of great 
relevance to companies wishing to obtain information on 
user behavior. To make products sustainable, information is 
required throughout the entire product life cycle. Digital 
solutions for the collection, processing, and analysis of data 
enable sustainable products to be created.

Products, services, customers 

Digital technologies transform businesses into intelligent 
systems that produce intelligent products and services. 
Digitalization is also used as an information and communi-
cation tool and paves the way for new forms of information 
and communication.

Moderate digitalization

CO2e savings potential as a result of digital technologies 
per sector in 2030, in per cent

Accelerated digitalization

13%

7% 9% 11% 23%

39%

58%

Manufacturing

Energy 

Work & Business

Mobility 

Buildings

Agriculture

Health

Figure 3: Potential CO2e savings from digital technologies by 2030 [16]
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Figure 4: Data from the product life cycle as a basis for creating sustainable products (original illustration)

Business models

Digital technologies not only create new products and ser-
vices, but also new business models. They enable a shared 
economy and thus reduce individual consumption. 
By nature, these shared economy examples are associated 
with a reduction in resource consumption and an increase 
in resource efficiency [15]. The most well-known example 
of a shared economy is car sharing, where users can access 
a vehicle whenever they need it without having to own one 
themselves. Further demand-oriented models, known as 
made-to-order or subscription models, aim to avoid waste 
and only produce products to order. 

Circularity, production patterns, and consumption 
patterns

Digital technologies can change existing production and 
consumption patterns in all sectors of the economy to 
make way for significant efficiency gains [17]. With digital-
ly supported production processes, industrial companies can 
continuously adapt their materials, raw materials, and energy 
usage to the consumption pattern. In this way, digital tech-
nologies are transforming companies into intelligent sys-
tems that create smart solutions in the form of products and 
services [15]. The data collected as a result enables the use of 
resources and production to be analyzed in real time. Digital 
systems support companies in their transition to a product life 
cycle that is compatible with the circular economy through 
these production and consumption mechanisms [17]. 
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2.3

The impact of GreenTech
The impact of GreenTech is relative to the contribution made 
by the relevant technologies to sustainability goals. In addi-
tion to the environmental effects, the economic and social im-
plications of GreenTech must also be taken into account. The 
meta-analysis for presenting the effects of GreenTech is struc-
tured according to these dimensions. The focal points listed 
within the three sustainability dimensions are derived from the 
analysis of the existing contents of the analyzed studies.

2.3.1
Environmental effects

The use of GreenTech can have a variety of environmental 
effects and thus make a significant contribution to achiev-
ing environmental goals. The focus lies on three key aspects: 
the substitution of fossil fuels as primary energy sourc-
es, the protection and efficiency of resources, and the 
transformation to a circular economy [5], [9].

Overall potential

Current studies estimate the potential of using GreenTech to 
be high [13], [36]. However, it is difficult to quantify Green-
Tech’s specific contributions to environmental protection 
[33]. There is often a lack of specific measurement mod-
els and traceable procedures for quantifying the effect of  
GreenTech.

In the substitution of fossil fuels as primary energy sourc-
es, GreenTech can help to conserve natural resources and 
limit environmental damage. The switch to renewable energy 
sources will enable a reduction in emissions of 55 per cent 
by 2050 [37], which will make a central contribution to the 
achievement of the United Nations’ sustainability goals [9]. 
Studies also consider green innovations to play an important 
role in resource protection and efficiency, for example by re-
ducing environmental pollution, in manufacturing industrial 
goods, or by improving the efficiency of production processes 
[38]. In many places, GreenTech is also the only way to tran-
sition to a circular economy and see the associated environ-
mental effects. It is assumed that circular economy activities 
will make an important contribution to reducing the remain-
ing 45 per cent of emissions [37]. Innovations in GreenTech 
can therefore be described as a catalyst in the creation of a 
green economy and make a central contribution to the green 
transformation.

Technology and climate

The use of GreenTech can be a powerful lever in the fight 
against climate change. It allows greenhouse gas emis-
sions to be reduced across various sectors, making way for 
the associated effects on the climate. Technological progress 
is seen as a major factor in reducing greenhouse gases [15], 
[27].Natural CO2 storage systems play a key role in resolving 
climate issues by absorbing carbon and binding it in biologi-

cal and chemical processes [39]. GreenTech technologies can 
relieve these CO2 storage systems by reducing emissions. In 
this way, green innovations in technologies, processes, and 
products can enable the strict carbon emission targets to be 
met. Compared to the levels during the industrial revolution, 
the consistent use of GreenTech has the potential to reduce 
greenhouse gas emissions by 60 per cent [36].

Impacts of the substitution of fossil fuels as primary 
energy sources

One impact of GreenTech technologies relates to the substi-
tution of fossil fuels as primary energy sources (such as 
coal, oil, or gas). GreenTech aims to reduce or even eradicate 
the use of fossil fuels. By reducing or stopping the use of 
fossil energy sources, the resulting greenhouse gas emissions 
can be avoided [9], [11].

Impacts on protection and efficiency of resources

GreenTech technologies can help us to protect resources and 
to use resources more efficiently. In particular, the extensive 
use of renewable raw materials can make an important con-
tribution to environmental protection. GreenTech technolo-
gies can also contribute to increasing resource efficiency in 
existing production plants, for example through the produc-
tive use of waste heat [38], [40].

Impacts on the circular economy

GreenTech technologies are set to give rise to environmen-
tal improvements within the framework of circular econo-
my models. Resources are recovered and re-introduced into 
the production process, which helps to avoid emissions that 
would otherwise be generated if these resources were pro-
cured from new. By using GreenTech, materials can also be 
optimized so that they can be fed back into the production 
process more easily. Alternative green materials can also re-
place the materials previously used, again causing knock-on 
positive environmental impacts [17].

Sector-specific impacts

As mentioned above, GreenTech applications are found 
across all sectors and in various departments within compa-
nies, as well as in public life and private applications. The fol-
lowing are examples of sector-specific applications and their 
environmental impact in the following sectors: 

         Industry/production 

         Mobility 

         Buildings 

         Energy 

         Agriculture 

         Waste management
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         Industry/production 

GreenTech technologies allow the industrial production pro-
cess to become more efficient and increase the associated 
environmental benefits. Efficiency improvements in particu-
lar can be achieved through the use of green production 
technologies [40]. Particular focus should be placed on the 
substitution of fossil fuels as primary energy sources – a cru-
cial step toward meeting climate targets by 2030. 

Above all, the use of digital innovations to implement Gre-
enTech has enormous environmental potential. In this way, 
a digital twin can result in improved production quality, re-
duced throughput times and reduced resource utilization for 
physical products and processes. When calculating savings 
potential in medicine production, for example, the use of a 
digital twin could reduce approximately 80 per cent of en-
ergy consumption and around 80 per cent of CO2e

4 emis-
sions [16]. The digital twin enables the collection and analy-
sis of valuable data, both in the manufacturing process and 
throughout the subsequent use phase, thus contributing to 
sustainable decisions throughout the entire product life cycle. 

However, the use of green chemicals in production can also 
have knock-on environmental effects. A lot of potential lies 
in the use of waste heat from production plants, which in 
turn brings macroeconomic and environmental effects [41].

         Mobility 

GreenTech technologies have also found their place in the 
further development of mobility. In order to achieve green-
house gas reductions, it seems sensible to take a multifaceted 
approach. For example, the use of GreenTech and digitaliza-
tion can lead to increased efficiency in urban traffic man-
agement [16]. A prerequisite for this is an appropriate ur-
ban infrastructure. New, innovative forms of mobility and 
mobility services, such as bicycle rental systems and car 
sharing, also aim to make individual mobility sustainable and 
are closely linked to urban design. GreenTech is also used in 
the context of conventional individual mobility. Innovations 
in internal combustion engines, for example, point toward a 
future with greater efficiency. Alternative drive systems also 
play a major role. For example, the further development of 
electric or hydrogen drive systems can lead to a significant 
reduction in greenhouse gas emissions from vehicle use. This 
cannot be done without the appropriate electrical and hy-
drogen infrastructure. Powerfuel also appears promising for 
the energy transition. This uses the latest technologies to 
convert CO2 into climate-friendly fuel. In other words, it pro-
duces electricity-based fuel from carbon dioxide [41].

         Buildings

Smart GreenTech energy management technologies (such 
as smart meters) can reduce emissions from buildings. The 
combined use of GreenTech and digitalization in the context 
of smart home technologies can help to reduce energy con-
sumption in buildings and avoid the resulting emissions [16]. 

2.3.2
Economic impacts

Macroeconomic impacts

Against the backdrop of increasing environmental aware-
ness in Germany and the setting of national and interna-
tional climate protection goals, the demand for intelligent 
GreenTech technologies is increasing. This is set to lead to 
dynamic growth across the entire GreenTech market. Green-
Tech companies in Germany expect to see an average annual 
sales growth of 9.9 per cent by 2025 [11]. By 2030, the 
current domestic market volume will more than double from 
2020 values to EUR 856 billion. In 2020, the global market 
volume exceeded the EUR 4 trillion mark. The global market 
volume for the GreenTech sector is forecast to reach EUR 
9.38 trillion in 2030 [11].

For this reason, it can be expected that the path to achiev-
ing the United Nations’ sustainability goals will lead to a 
strengthening of the German GreenTech industry, 
which can in turn may bring positive economic effects in 
terms of contributing to gross domestic product and secur-
ing jobs, as well as the resulting prosperity [9]. However, it 
may result in a shift of jobs to the GreenTech industry [9].

Start-ups in the GreenTech industry are also of great im-
portance. With their business models, these start-ups enable 
the creation of highly innovative GreenTech products and 
are able to react quickly to changing market conditions and 
customer requirements due to their flexibility. Through these 
technological developments, they play an important role in 
the economy and make a significant contribution to its inno-
vation dynamics [9]. 

Furthermore, the use of GreenTech technologies makes it 
possible to increase efficiency in established industries. 
These efficiency gains free up financial resources, which can 
then be used elsewhere to increase competitiveness. In ad-
dition, GreenTech can help stabilize industries. Particularly 
in the current context of unwanted dependence on fossil 
fuels, these stabilizing effects can be of great economic im-
portance.

At a macroeconomic level, GreenTech technologies can also 
generate market opportunities for the GreenTech industry. 
The performance of the industry can lead to a competitive 
advantage on the international market. This, in turn, prom-
ises new export opportunities with subsequent economic 
returns that would benefit Germany as an industrial loca-
tion. In order to take advantage of these opportunities, it is 
important that both politicians and companies in Germany 
find quick ways to implement and apply the latest technolo-
gies to keep up with the international competition [11], [43]. 

Microeconomic impacts

Positive economic effects can also be observed at an indi-
vidual company level through the use of GreenTech. From 
a company perspective, it can be seen that economic con-

GreenTech also offers environmental potential in the insula-
tion of buildings and in reducing the use of environmentally 
damaging chemicals when constructing and operating build-
ings. In the context of a circular economy, the re-usability of 
building materials is also becoming increasingly important in 
the construction of buildings. This is made possible, for exam-
ple, by using manufacturing methods such as plugging and 
screwing rather than bonding. The switch to green energy 
sources is also an essential aspect of GreenTech in the building 
sector [41]. 

         Energy

In the energy industry, there is a wide range of environmen-
tal impacts that result from the use of GreenTech. By creating 
smart grids, emissions from the energy grid can be reduced 
[16]. The use of advanced energy storage technologies can 
make a significant contribution to reducing the high demands 
on electricity generation. In addition, GreenTech solutions 
promise to increase the flexibility of the power grid [41].

         Agriculture 

GreenTech can be used to protect agricultural ecosystems 
and contribute to conscious conservation efforts for these 
systems. The combination of GreenTech and digital technol-
ogies can also prove beneficial in the transition of agricul-
tural practices [16]. For example, emissions can be reduced 
by increasing the efficiency of livestock farming and soil 
management. A reduction of or change in chemicals offers 
further environmental benefits [42].

         Waste management 

GreenTech also offers economic benefits in the field of waste 
management, for example through the recycling of reusable 
materials, which also makes it possible to reduce emissions. 
In addition, the waste heat generated from waste incinera-
tion can be used for district heating to help reduce emissions 
in cities [16].

Rebound effect

Against the backdrop of the rebound effect, the way in 
which GreenTech manages the environmental savings 
potential must be carefully considered (see Chapter 
2.2.1). With regard to the synergy between GreenTech and 
digital technologies, the efficiency gains achieved through 
the application of GreenTech technologies can lead to in-
creased demand and thus to a macro-level consumption 
increase [33]. This, in turn, means that the savings poten-
tial from efficiency increases is not (fully) exploited or even 
completely counteracted from an economic point of view. 
For this reason, it is also important to address people’s con-
sumption behavior in order to avoid completely undermining 
any small efficiency gains through additional consumption, 
which would also jeopardize the achievement of climate 
goals [16]. The technologies used can also lead to increased 
energy consumption themselves.

siderations are the major deciding factor when it comes to 
moving to GreenTech. As a rule, companies take more sus-
tainable action if this leads to economic benefits [44].

Companies can increase their competitiveness through the 
use of GreenTech technologies. Green innovations in partic-
ular offer competitive advantages. With the help of Green-
Tech, companies can take up superior market positions 
against competitors, which is then reflected in economic re-
turns. Occasionally, GreenTech can also enable the develop-
ment of innovative products that meet the changing needs 
of customers [27]. 

In this way, GreenTech can help companies to achieve a 
range of financial targets through an increased return on 
investment, higher turnover, or even an increase in the val-
ue of the company [9]. 

If these effects are to be re-
alized, a rapid adoption of 
GreenTech technologies is 
seen as important. Using the 
first-mover advantage 
allows companies to be the 
first to leverage the potential 
of GreenTech and thus the 
first to reach and consolidate 
their new competitive 
position. This position 
typically brings rewards both 
from customers and investors 
[9]. Moreover, companies 
can account for changing 
customer requirements by 
implementing GreenTech 
activities. With awareness 
of environmental issues 
increasing all the time, more 
and more customers are 
demanding that companies 
focus their purchasing 

4 CO2e is a unit of measurement that allows the effect of all greenhouse gases on the climate to be compared with one another.
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decisions on this issue. 
Particularly in the end-
customer business, it is 
extremely important for 
companies to implement 
GreenTech activities and 
to make this visible to 
customers. The same applies 
to the increasing relevance 
of environmental and socially 
responsible aspects when 
allocating capital [4], [19].

Sector-specific economic impacts

Once again, a distinction can be made between the follow-
ing industries: (1) Industry/production, (2) Mobility, (3) Build-
ings, (4) Energy, (5) Agriculture, and (6) Waste management.

         Industry/production

GreenTech technologies in conjunction with digital technol-
ogies enable further added value to be created in man-
ufacturing companies. In the case of complex value chains, 
such technologies can first ensure emissions are transparent 
and then optimize or reduce them throughout the entire val-
ue chain. In this respect, companies can improve efficiency 
and reap the subsequent financial advantages [43], [45].

         Mobility

By developing future-oriented mobility technologies, 
companies can secure market positions that will pay off in 
the future. There is a global need for the various mobility 
services on offer to be networked – a need that can be met 
by companies [9], [11].

         Buildings

Changing consumer needs make the development of Green-
Tech technologies appealing from an economic point of 
view. GreenTech can deliver solutions that will win over con-
sumers and thus increase company profitability, both in the 
construction and operation of buildings [46].

         Energy

Integrated energy management solutions can bring benefits 
to the energy industry. Questions about the location of ener-

approximately 1% of GDP. These additional investments are 
offset by considerable savings, particularly in the building 
and transport sectors, meaning that the aggregated savings 
from the green transition can free up the capital that would 
otherwise have been spent in the estimated investment pe-
riod up to 2045 [9].

Healthy living spaces

The increasing urbanization of living spaces brings with 
it many challenges. In particular, communities have to con-
tend with direct environmental problems such as poor air 
quality, complex waste management, or water supply 
issues, with residents directly exposed to these adverse fac-
tors on a daily basis. Technologies that eliminate or reduce 
these negative environmental impacts from people’s living 
spaces contribute to creating a healthy living space. Environ-
mentally oriented projects and products must be integrated 
directly into the living spaces of those affected, regardless of 
whether these spaces are homes, schools, or businesses [4]. 

The future of work

The global sustainability goals and Paris Agreement targets 
affect all areas of our daily lives. During the COVID-19 pan-
demic, digital technologies enabled employees to move to 
remote working, which allowed regular operations to con-
tinue in many industries. In addition, digital technologies 
open the door to flexible scheduling opportunities, low op-
erating costs, and reduced volumes of traffic when working 
remotely. Surveys conducted by the University of Mannheim 
show that high-income workers in particular tend to have 
jobs that are compatible with home-office working. This 
means that 10 per cent of all commutes can be permanent-
ly replaced by the growth of remote working opportunities 
and 30 per cent of all business trips can be replaced by vir-
tual meetings [31]. 

gy production and the transport of energy are often left un-
answered, meaning that the development of energy storage 
technologies, for example, holds great economic potential 
for GreenTech companies [11].

         Agriculture

Against the backdrop of efficiency pressures in the agricul-
tural industry, GreenTech technologies are highly desirable in 
this sector. Farmers are generally open to using such technol-
ogies, making improvements in agricultural process efficien-
cy a lucrative market [42].

         Waste management

Unresolved waste management issues make this an appeal-
ing market segment for GreenTech companies. Environmen-
tally friendly technologies can help to address such issues, 
which pays dividends in the market [11].

2.3.3
Social impacts

The multi-dimensional nature of GreenTech has to be con-
sidered when looking at its impact – in addition to the en-
vironmental and economic effects, the social and societal 
dimension of GreenTech is also impacted. For years now, 
there has been a growing demand for new, sustainable ways 
of living and doing business at a societal level, with green 
products being very popular among consumers due to their 
increasing environmental awareness. 

Environmental awareness in society

Environmental awareness is of great importance in so-
ciety. According to the environmental awareness study 
conducted by the German Environment Agency before the 
outbreak of war in Ukraine and the rise in inflation, 65 per 
cent of Germans consider the environment and climate pro-
tection to be very important [47]. This is reflected in the in-
creasing popularity of environmentally friendly products. 

Future viability

The green transformation will secure the future viability of 
our society. Concern about climate change and the high 
consumption of resources in our way of life and economy 
and has been high on the international political agenda for 
some time. Large parts of the economy are also strongly 
committed to improving environmental protection and are 
driving a variety of initiatives out of vital self-interest [13]. 
If Germany succeeds in creating the necessary conditions in 
good time and by consistently following the transition plans, 
we will be able to combat climate change not only in time, 
but also cost-effectively across society as a whole. In order to 
achieve climate neutrality, additional investment in tangible 
assets of EUR 40 billion per year will be required across all 
sectors if climate change reversal measures are to be imple-
mented quickly and consistently by 2045 – this represents 

However, working from home requires IT resources, which is 
why data and communication centers should be consistently 
geared toward energy and resource efficiency as well as a 
sustainable energy supply [9].

Social justice

According to a study by the Federal Ministry for the Environ-
ment, the field of tension between social justice and 
environmental protection is becoming increasingly rele-
vant. Many respondents fear that environmental policy mea-
sures and the energy transition could put too much financial 
strain on low-income earners in particular. However, people 
are less aware of the positive social effects that environmen-
tal protection measures can bring. For example, poorer peo-
ple are more likely to live in a worse-affected living space 
and suffer the social and health consequences of this, and 
in this sense benefit more than average from environmental 
protection measures. It should also be kept in mind that en-
vironmental protection can sometimes directly lead to cost 
reductions, for example through increased energy efficiency 
(e.g. by the use of digital technologies). Climate solutions 
can promote both social and economic justice if they are 
used sensibly and correctly. However, this raises some ques-
tions: who decides, who benefits from it, and how are any 
disadvantages mitigated? It is important to understand how 
much money a particular solution will cost or save compared 
to the status quo of the technology or practice it replac-
es. Politicians should therefore consider it an urgent task to 
prevent the consequences of non-sustainable actions from 
being socialized and the costs of sustainability being individ-
ualized. Suitable environmental tools for this are the setting 
of CO2 taxes at an appropriate level and restrictions on emis-
sions trading. 

30%
of all business trips can be 

replaced by virtual meetings 

of all commutes can be permanently 
replaced by the growth of remote 

working opportunities

10%
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2.4 

Growth through 
GreenTech 

The area of “growth through GreenTech” in the reference 
model refers to the status quo of the GreenTech industry 
in Germany as well as to appropriate measures taken by 
politicians and companies to increase growth momen-
tum. The term “growth” describes an extension of the en-
vironmental, economic, and social impacts associated with 
GreenTech. “Growth” is interpreted in its broadest sense.

2.4.1
The status quo of the GreenTech industry

The technologies associated with GreenTech are widely used 
in all sectors of the economy as a whole. In this way, Green-
Tech companies are a cross-sectoral industry. Companies 
in this industry continue to grow dynamically. 

In Germany, the GreenTech market volume in 2020 
amounted to EUR 392 billion. Within the German Green-
Tech industry, the “energy efficiency” segment is the largest 
leading market with a share of 30 per cent and a market vol-
ume of EUR 117 billion in 2020. The second-largest leading 
market, “sustainable mobility,” reached a market volume of 
EUR 91 billion. Among other things, the strong position of 
German manufacturers and suppliers in the field of efficien-
cy enhancement technologies (e.g. in combustion engines) 
has made an impact. The market volume of the leading mar-
ket for raw material and material efficiency was EUR 78 bil-
lion in 2020 [11].

On both a global and national scale, growth is forecast at 
an average of 7.3 per cent for 2030, with figures for some 
leading markets estimated to be significantly higher. Inno-
vations in the fields of electrification and hydrogen, circular 
economy and smart city applications also create long-term 
growth and sales opportunities for the German GreenTech 
industry on the global market.

The global market volume of the GreenTech industry 
amounted to EUR 4,628 billion in 2020 and is expected to 
grow to EUR 9,383 billion by 2030 (see Figure 5). With a 
volume of EUR 1,224 billion (2020), “energy efficiency” is 
the largest green leading market worldwide. In Germany, 

8.1%
In Germany, GreenTech will expand 

its market volume by 2030 with an average 
annual growth rate of 

GreenTech will expand its market volume by 2030 with an 
average annual growth rate of 8.1 per cent, meaning that 
the rate of expansion in the GreenTech sector in Ger-
many is slightly higher than the global average. 

High demand in the German domestic market opens 
up promising opportunities for Germany-based GreenTech 
companies: They are much closer to their customers and can 
work with users to develop new technologies tailored to 
their individual needs. Cooperation in the domestic market 
also promotes systemic approaches in the GreenTech indus-
try. Providers from Germany in particular can achieve inter-
national success using their technological know-how and 
expertise in systemic solutions, and win large shares of the 
German market volume.

Looking at the individual leading markets from a glob-
al perspective, it is clear that the rate of growth varies 
across the overall market. The leading market “sustainable 
agriculture” is expected to experience the fastest rate of ex-
pansion. It is set to expand between 2020 and 2030 with 
an average annual growth rate of 11.3 per cent. The lead-
ing market “sustainable mobility” is ranked second with a 
growth rate of 8.7 per cent. Alternative drive technologies 
play a key role in the decarbonization of the transport sector, 
with the growth of this market segment providing a tailwind 
for the strong development of the entire leading market. 
The growth rates of the leading markets “environmental-
ly friendly production, distribution, and storage of energy” 
and “raw material and material efficiency”, at 8.5 and 8.4 
per cent respectively, are also above average compared to 
the GreenTech industry as a whole. Renewable raw materials 
play an important role in the leading market of raw material 
and material efficiency, for example through the use of re-
newable raw materials as combustion or insulation materials 
or in the chemical industry. 

The leading market “energy efficiency” shows moderate 
growth at a high level, which is partly due to the fact that 
many measures have already been implemented, particularly 
in energy-intensive sectors. The “circular economy” is the 
leading market with the smallest volume. It has slightly un-
derperformed in comparison to the overall industry (5.9 per 
cent). Reasons for this include the lengthy innovation cycles, 
especially in the case of new recycling processes (e.g. plastics 
recycling, battery recycling) and the complexity of changing 
basic production and consumption patterns. The speed at 
which these hurdles are overcome in practice depends to a 
large extent on the market and the political environment. As 
explained in Chapter 2.3.1, an established circular economy 
can make a considerable contribution to reducing the 45 
per cent of CO

2 emissions not dealt with by switching to re-
newable energy sources. This market, which is currently rel-
atively inconspicuous in comparison to other sectors, should 
therefore be given very serious consideration despite its low 
growth rate [48]. 

At 26.4 per cent of the total volume of the GreenTech in-
dustry, energy efficiency products, processes, and services 
currently make up the largest share of the total global mar-

ket. This is followed by the leading market of environmen-
tally friendly production, storage and distribution of energy 
at 18.2 per cent, then by the markets of sustainable water 
management and raw material and material efficiency at 17 
per cent. Due to the differing growth rates of the individual 
leading markets, their shares in the global GreenTech market 
will change in the period up to 2030.

In addition to estimates of sales growth, the development 
of employment figures is also an important growth indica-
tor. Companies in the GreenTech sector expect to see an av-
erage annual increase of 6.8 per cent in their number of em-
ployees by 2025. The companies with a focus on the leading 
market of energy efficiency have particularly ambitious goals: 
They expect their employee numbers to grow by an average 
of 8.7 per cent each year. The expectations are lowest for 
companies with a leading market focus on the circular econ-
omy: The respondents expect an average annual growth 
of 4.5 per cent in the number of employees by 2025 [11].

2.4.2 
Environmental-economic growth models

Growth models for the GreenTech industry are developed on 
the basis of environmental-economic theories that focus on 

political framework conditions for the protection of natural 
resources, institutional regulations, and economic innova-
tion theories. From a political point of view, it is a question 
of creating appropriate framework conditions for the pro-
tection of resources through regulations and technological 
innovations. 

The concept of innovation in GreenTech technologies plays 
a central role in this regard. Resource protection and eco-
nomic growth can be integrated with one another on the 
basis of innovation theory. This means that increased start-
up activities, entrepreneurial growth, expansion, and inno-
vative technologies form core components of their relevant 
growth models.

Another essential concept is the pricing of negative envi-
ronmental effects. By taxing the unsustainable effects of 
economic activity (e.g. CO2 emissions), companies can only 
achieve an economically positive result if they invest in green 
technologies, despite the higher investment costs for Green-
Tech. In addition, the associated costs of green technologies 
are offset by a significant reduction in emissions costs. In this 
way, an effective combination of regulation, pricing, and 
promotion of innovation is essential to stimulate the growth 
effects associated with GreenTech [49].
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Figure 5: Global market volume of the seven leading markets for GreenTech [11]

Total global market volume 
of the GreenTech sector: 

EUR 4,628 billion
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2.4.3
The starting point for GreenTech companies

“GreenTech – Made in Germany” is in demand. German 
providers have gained a strong global market position in 
recent years. Products, processes and services “Made in 
Germany” have a great reputation worldwide and lay the 
foundations for the strong export performance of the Ger-
man GreenTech industry. While the German share of global 
economic output as a whole is around 3 per cent, Gre-
enTech companies contribute around 14 per cent to this 
global market [11]. Europe remains the most significant 
market for German GreenTech providers. Meanwhile, 
international competition is significantly increasing. Partic-
ularly in the USA and China, innovative GreenTech clusters 
have developed [21], [45].

The GreenTech sector in Germany is heavily characterized 
by medium-sized enterprises: Some 91 per cent of Gre-
enTech’s players are small and medium-sized enterprises 
(SMEs), with 44 per cent of companies employing a max-
imum of ten employees. Global transformation processes, 
for example in the energy sector and the automotive indus-
try, are accelerating demand. In the future, this will require 
a greater focus on innovation and efficiency along the 
entire value chain: from customer acquisition and financing 
to operation and maintenance [11]. 

GreenTech companies with a focus on the leading markets 
of “sustainable mobility” and “energy efficiency” expect 
the highest growth dynamics: an average annual sales 
growth of 12.9 per cent by 2025. The expectations for 
companies with a market focus on the “circular economy” 
are much less ambitious [11]. This is reflective of the differ-
ing starting situations across GreenTech’s leading markets: 
For example, the providers in the leading market of sustain-
able mobility expect to see a growth spurt, which is largely 
due to the increasing demand for alternative drive technol-
ogies. New providers offering innovative mobility solutions 
to compete with established players in the automotive in-
dustry, such as Google in the field of autonomous driving 
or Tesla in battery construction, are giving further impetus 
to these developments. Products and services such as these 
act as additional drivers of innovation and ensure that the 
leading market continues to expand. 

In contrast to other industries, some of which have suffered 
heavily from the consequences of the COVID-19 pandem-
ic, GreenTech is largely crisis-resistant. Almost half of the 
providers (48 per cent) rate the current business climate as 
“satisfactory” and 37 per cent consider it to be “good”. 
Looking ahead, companies also estimate the impact of 
COVID-19 on the GreenTech industry to be significantly 
lower than on the economy as a whole [11].

2.4.4 
Importance of digital technologies

In order for Germany to achieve its climate targets by 2030, 
there must be a reduction of 262 metric tons of CO2e in the 

sumption patterns and the development of political power, 
are less relevant and have an indirect effect. Some factors 
are highly dependent on social and political contexts and 
operate at different levels, from individuals to larger groups 
to entire nations [41]. 

Political power is a prerequisite for creating change. In the 
past, too much power has been wielded against climate pro-
tection and too little has been focused on advancing solu-
tions. Political targets determine the direction. What do we 
want to achieve, and why? In terms of climate, but also more 
generally, targets can be specific and numeric (e.g. “carbon 
neutral by 2050”), or they can be higher-level, systemic aspi-
rations (e.g. “a climate-conscious future”) [41]. Sometimes a 
new target can dramatically change the direction we are head-
ing – and the solutions and approaches we implement [49]. 

Rules set limits and indicate what is desirable and encour-
aged, or what is undesirable and sanctioned. Laws, regula-
tions, standards, taxes, subsidies, and incentives are ways 
to change the state of affairs in terms of climate, but this 
depends on who is writing the rules. Political change can 
advance solutions while stopping the root causes of the 
problem [41], [51].

In our economic system, money is the necessary fuel for 
change. Public and private investment and philanthropic 
donations can stimulate and support climate solutions and 
efforts to drive them forward. Disinvestment is also very 
effective, as it takes away capital from the perpetrators of 
the problem, restricting their actions [41].

To stop the sources of emissions, the technology must 
evolve. “Now is better than new” when it comes to cli-
mate solutions, but through innovation and research and 
development, the technology can be further improved and 
contribute to the existing solutions. This is particularly im-
portant for the most difficult sectors, such as heavy indus-
try and air transport.

To meet the SDGs and achieve green, sustainable devel-
opment, many countries have introduced special programs 
and subsidy schemes. For example, the Chinese govern-
ment has provided a large number of R&D incentives to 
promote green energy and to provide intensive support for 
green innovation, new eco-technologies, environmental 
protection, and the optimization of the industrial structure 
[45]. Most companies need external support and incen-
tives to subsidize social and environmental activities.

Policy makers provide incentives for companies to switch 
from high-emission and high-energy processes to 
green activities and sustainable practices. Governments 
and public institutions in emerging markets prefer to invest 
in the industrial sector to shape green innovation and green 
activities. Regulatory pressure and government interven-
tion have a significant impact on green activities and green 
innovations in companies. Governments provide funding 
and supporting materials to promote and improve green 
practices and innovation in the corporate sector [41], [45].

next 10 years. Accelerated digitalization could save up to 
58 per cent CO2e [16]. This not only helps to protect the 
environment and climate; digitalization also improves the 
competitiveness of the German economy. 

The systemic integration of digital solutions, technologies, 
products, and services forms the basis for GreenTech eco-
systems, e.g. in the mobility sector. Other specific applica-
tions exist in the energy sector, for example in the digital 
energy management of buildings, or through the building 
information network, a networking system for construction 
processes that aims to maximize the resource productivity of 
building materials throughout the entire life cycle [12], [50].

In addition to new business models and platforms, digital 
technologies form an essential basis for cost efficiency. One 
challenge for the German GreenTech suppliers will be to 
maintain their good position in the global market. In order 
to secure future market success at home and abroad, Ger-
man companies need not only innovative products but also a 
competitive cost structure [11]. Talent and expertise, as well 
as the ability to pair successful start-ups with innovative busi-
ness models [45], are also key factors in competing globally 
alongside the “digital giants” of China and the USA.

In product development, the development costs, product 
design, and manufacturing and material costs must be 
continuously optimized. At the same time, process costs 
in purchasing, logistics, sales, and energy supply must be 
reduced. Therefore, digitalization, process efficiency, and 
strict value orientation are among the most pressing chal-
lenges in the industry, for companies that want to remain 
competitive in the long term [11], [21].

2.4.5 
Political measures

National and European political initiatives, as well as inves-
tors’ increasing interest in sustainability, are benefiting the 
GreenTech industry. For example, the Green Deal of the 
EU Commission has a positive or even very positive effect 
on the further development of the companies [11], [51]. 

The impact of standardization and certification is simi-
larly encouraging. Sustainable finance, i.e. the consider-
ation of environmental aspects in financial decision-mak-
ing, is seen as beneficial in the industry. By contrast, studies 
show that the European Emissions Trading System (ETS) – 
reformed by the European Green Deal – and CO2 pricing 
have been of rather limited importance so far [11], [12]. 
The lack of impact these measures have had is due in par-
ticular to low CO2 pricing, the emissions trading system not 
functioning, and all-inclusive participation not being com-
pulsory [52].

Driving factors can create the conditions required to gen-
erate solutions faster and on a larger scale. Some factors, 
such as the change in the policy framework and the shift 
in capital, are more relevant and have a direct impact [49]. 
Other factors, such as the development of cultural con-

2.4.6
Measures in sectors

In addition to general measures to promote the growth of 
GreenTech, it is also worth looking at individual sectors. As in 
the reference model, the sectors of industry, mobility, build-
ings, energy, and agriculture are considered separately.

 Industry/Production    Mobility    Buildings 
 Energy    Agriculture    Waste management and others
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CO2 equivalent (millions of tons)

Eine Übersicht mit detaillierten Werten je Sektor und Jahr befindet sich im 
Datenanhang. Quelle UBA (2021a), Bundesregierung (2021)

Figure 6: Development of greenhouse gas emissions and agreed annual 
emission levels according to sector by 2030 [8]
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Annual reduction targets are set for the different sectors 
from the year 2020 in the German Climate Protection Act 
(Klimaschutzgesetz) by setting annual emission levels. Emis-
sions from the energy, industrial, transport, agriculture, and 
waste management and recycling sectors were within the 
permitted annual emission levels for 2020. In particular, the 
energy industry remained significantly below the annual 
emissions permitted for the sector – by just under 60 million 
tons of CO2 equivalent. By contrast, the target value in the 
building sector was exceeded by 2 million tons of CO2 equiv-
alent [8]. The requirements of the new German Climate Pro-
tection Act demand a significant reduction in CO2 emissions 
in the coming years. By 2045, greenhouse gas neutrality will 
be set as a strategic goal across all sectors (see Figure 7).

         Industry

One approach to promoting GreenTech is based on Car-
bon Contracts for Difference – (CCfD). Carbon con-
tracts compensate for the additional costs of greenhouse 
gas-neutral technologies compared to fossil-fuel reference 
technologies. Studies focus on CCfDs for products in the 
development and growth phase as well as for renewable 
energy sources [39]. In the case of product CCfDs, the cost  
difference in the end product, including specific invest-
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ment costs, is considered and compensated (relevant in the 
steel, basic chemicals, and cement and lime industries, for 
instance, when introducing process technologies). In the 
case of energy carrier CCfDs, the cost difference resulting 
from the use of renewable energy sources is compensated.

Depending on the industry sector, existing fossil-fuel heat-
ing systems will have to be replaced by power-to-heat, 
biomass, and hydrogen technologies by 2045. The in-
vestment incentives required for this can be stimulated by 
funding programs or special depreciations. In addition, 
there are investments for pilot plants for new produc-
tion processes (smart factory, digital twins, etc.). Studies 
address funding programs for corresponding investments 
amounting to 40 per cent of the investment value [39].

Other measures in industry relate to the definition and 
promotion of efficiency standards. These are standards 
that aim to efficiently combine cross-section technologies. 
The definition of standards should be based on the ex-
isting European Ecodesign Directive. In addition, funding 
programs for efficiency improvements must be adapted in 
such a way that highly efficient technologies can be imple-
mented with accelerated depreciation. The promotion of 
“green lead markets” is also important. To create secure 
markets for sustainably produced end products and green 
raw materials (mainly in cement and steel), end producers 
in selected industrial sectors could be obliged to purchase 
raw materials from green production. This can be com-
bined with sales regulation within the EU. This means that 
only end products produced from green raw materials will 
be able to be sold in the EU [39], [53].

Other approaches for promoting GreenTech in industry in-
clude the definition of green raw materials, general sup-
port for innovation and research, the reform of building 
standards, higher recycling and recycled material rates for 
plastics, and an increase in recyclable materials. Options for 
compensating significantly affected industries should be 
included in the introduction of appropriate measures. Suit-
able compensation instruments include, for example, 
the continuation of the existing electricity price exception 
stocks and the electricity price compensation, state trans-
mission grid subsidies, hardship funds (limitation of the ad-
ditional burdens to a still-to-be-defined share of gross val-
ue added), the elimination of the EEG (German Renewable 
Energy Sources Act) levy as a function of CO

2 prices, and 
the extension of the “New ETS” to BEHG industries in or-
der to avoid intra-European distortions of competition [39], 
[49]. Further approaches to promoting GreenTech in indus-
try include the definition of green raw materials, gen-
eral support for innovation and research, the reform 
of building standards, higher recycling and recycled 
material rates for plastics, and an increase in recycla-
ble materials. Options for compensating significantly af-
fected industries should be included in the introduction of 
appropriate measures. Suitable compensation instruments 
include, for example, the continuation of the existing elec-
tricity price exception stocks and the electricity price com-
pensation, state transmission grid subsidies, hardship funds 

(limitation of the additional burdens to a still-to-be-defined 
share of gross value added), the elimination of the EEG 
(German Renewable Energy Sources Act) levy as a function 
of CO2 prices, and the extension of the “New ETS” to BEHG 
industries in order to avoid intra-European distortions of 
competition. One effective instrument for achieving great-
er sustainability in the industrial sector is the introduction 
of digital product passports. These passports document, 
among other things, the corresponding materials, ensuring 
greater transparency. Another advantage is that recyclable 
materials can be more easily identified at a later stage in 
the product life cycle. 

         Mobility

The mobility sector is characterized by different develop-
ments. They include the transition from propulsion tech-
nologies to electric mobility, car sharing, autonomous 
driving, and new mobility services. This transformation 
has similar effects on climate change and involves substan-
tial investment. Major investment includes constructing 
charging and H2 infrastructure, converting cars and 
HGVs to alternative drives, and constructing PtX (Power 
to X) plants abroad [39]. 

In addition, comprehensive instruments for reducing CO2 
can be used, for example, through pricing fossil fuels via 
ETS and BEHG, or by shoring up the “New ETS” price via 
the energy tax. In addition, studies indicate that energy 
taxation needs to be harmonized. Green hydrogen and 
green synthetic fuel such as electricity should be taxed. The 
taxation of biofuels is based on the degree of sustainability. 
The difference in tax treatment between gasoline and die-
sel should be abolished [52].

The relevant core instruments relate to the promotion of 
the charging and H2 infrastructure in order to create the 
earliest and most extensive expansion of charging and 
H2 infrastructure. Appropriate investment support should 
be provided to bridge non-economic operating phases. 
This amounts to approximately four billion euro in funding 
requirements in 2025, and approximately two billion euro 
in 2030 [39]. 

In addition, sales incentives for battery and H2 cars 
are crucial. Purchase incentives to partially overcome the 
purchase cost disadvantage of cars with alternative drive 
systems should be extended beyond 2025, but gradually 
reduced. The purchase premium amounts to around 12 
billion euro in 2025 and between 2 and 3 billion euro in 
2030. The reductions in car tax and company car tax should 
be maintained [39]. 

Studies also call for an extension of the agreed toll ex-
emption for electric and fuel-cell HGVs. In principle, 
the toll should be based on the CO2 emissions of the drive 
system in anticipation of the revision of the Eurovignette 
Directive. In the longer term, the toll advantages should be 
gradually reduced in line with market ramp-up and full-cost 
development of alternative HGVs [39]. Figure 7: The German Climate Protection Act requires greenhouse gas neutrality by 2045 [39]
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fired power will continue to be required. This corresponds to 
the most ambitious increase in thermal power ever to 
take place in Germany over such a period [39].

Parallel measures relate to the development of hydrogen 
and CO2 transport infrastructures. To use hydrogen as a 
new climate-friendly energy carrier in all sectors, it is nec-
essary to set up an individual hydrogen infrastructure con-
necting central production on the coast and later imports, 
especially from the South, with large customers (in particular 
steel, basic chemicals, and later energy). The necessary use 
of carbon capture and storage (unavoidable process emis-
sions, negative emissions) also requires the installation and 
conversion of CO2 pipelines in Germany [39]. 

The pricing of fossil fuels via ETS and BEHG and the 
support of the “New ETS” price via the energy tax are rel-
evant as overarching CO2 instruments. To stimulate the 
faster expansion of renewable electricity generation capac-
ity, auction volumes and remuneration for renewable 
energy should be adjusted. Compulsory area quotas and 
bilateral differential agreements for wind and photovoltaics 
as well as significantly accelerated planning, approval, and 
objection procedures should ensure the achievement of the 
expansion goals [27], [39]. 

Digital technologies continue to be relevant when it comes 
to making electricity consumption more flexible. Elec-
tricity distribution networks, consumers, and suppliers need 
to invest heavily in digitization and flexibility, for which ap-
propriate incentive regulation should be put in place. The 
introduction of incentives for customers such as matching al-
gorithms can also lead to more system-friendly consumption. 

Other possible approaches in the energy sector relate to the 
social support of the earlier phase-out of coal generation, 
increasing the attractiveness of roof-mounted photovoltaics, 
H2-ready standards for new gas-fired power stations, in-
creasing the attractiveness of trade in renewable electricity, 
the coordinated development of electrolyzers, introducing a 
“target network” in the network development plan, mea-
sures to increase the acceptance of the energy transition, 
integrating decarbonization incentives in the Combined 
Heat and Power Act (KWKG), the expansion/federal funding 
of efficient heat networks, and optimizing municipal heat 
planning [39].

2.4.7 
International cooperation

Promoting the growth effects associated with GreenTech 
is relevant for Germany as a business location, but special 
national programs must be integrated into the general ori-
entation of the EU. The European Green Deal provides a 
good basis for this. Results of existing studies indicate that 
the growth of green technologies benefits immensely 
from international cooperation [54], [55]. Empirical stud-
ies show a clear link between the expansion of international 
cooperation in the development of green technologies and 

Studies also call for a progressive PtX quota for fuel sup-
pliers with a target value of 10 per cent in 2030 (national). 
The PtX ramp-up should be supported by a double-auction 
mechanism, which concludes purchase contracts with PtX 
producers and resale contracts with customers through a 
public intermediary. A public cost risk could be avoided, for 
example, by a levy on fuel customers [39].

Further approaches to promote GreenTech relate to infor-
mation campaigns on the promotion and advantages of 
alternative drives, structural standards for electromobili-
ty, a digital register for charging stations, the design of the 
vehicle tax for commercial vehicles as an incentive to switch 
to alternative drives, the definition of PtX sustainability 
standards, partnerships with PtL export countries, the ac-
celeration of rail infrastructure measures, the expansion 
of overhead line infrastructure within the framework of the 
overall concept of “eco-friendly commercial vehicles,” 
as well as research funding for aviation [39].

         Building industry

Within the scope of GreenTech, the building industry can 
be transformed above all by means of standards on en-
ergy demand and infrastructure planning. On the basis 
of the meta-analysis of existing studies, the identification 
of building-specific primary energy requirements planning 
must be documented [39]. Targets for space heating and 
hot water requirements must be identified, together with 
a phased commitment to prepare renovation timetables be-
tween 2023 and 2028 (starting with the buildings most in 
need of renovation). At the same time, studies within the 
framework of an innovation clause call for a regular review 
of the CO2e sector targets and, if the targets are not met, 
as a last resort, an announced, staggered obligation to meet 
the primary energy demand targets within ten years. This 
can be coupled with additional promotional offers [39]. 

To optimize infrastructure planning in municipalities, system-
atic and economically efficient planning of heat and net-
work infrastructures is required. This should be based on 
a demand survey in urban municipalities and rural districts 
where the determination of energy sources is specific to the 
buildings. The infrastructure planning, which must be made 
mandatory by the municipalities, can be carried out gradual-
ly. Urban areas must be prioritized. As part of an innovation 
clause, the CO2e sector targets should be regularly reviewed 
and, in the event of a failure to meet the targets, possible 
application-related (for example, when replacing a gas boil-
er) specifications should be made for heat planning-compli-
ant heating [39].

In addition, studies suggest that the funding programs 
should be combined with faster, more comprehensive 
renovation and a change of energy source. This also in-
cludes a combined bonus for several renovation measures 
as well as a sprinter bonus for the replacement of energy 
carriers up to 2030. The promotion of energy solutions (for 
example hydrogen boilers) should be linked to the availabili-

the decline in CO2e. This finding indicates that measures tak-
en by politicians and industry leaders results in an expansion 
of international cooperation in research and development, 
leading to a decline in CO2e. For example, the US significant-
ly expanded its activities between 1990 and 2018, focusing 
mainly on the international development of green technol-
ogies [54].

2.4.8
Social and cultural change

The development of green technologies is integrated into a 
social and cultural framework. This is expressed, for in-
stance, in established patterns of production and con-
sumption as well as in the fundamental importance of 
questions of sustainability. Therefore, culture is a cru-
cial factor for climate solutions and measures. Cultural pat-
terns limit what is right or wrong and thus indicate what is 
possible or impossible. The players involved in the climate 
transformation must keep cultural change in mind if society 
as a whole is to orient itself toward sustainability [41]. 

Visions, stories, art, and dialog are some of the means that 
can be used to (re-)shape culture and collective beliefs about 
how the world works or can function. Cultural change also 
always expresses itself in changes in behavior. From indi-
viduals to businesses and beyond, behavior is what is done 
and how it is done. All climate solutions have a behavioral 
dimension and some depend almost entirely on human hab-
its. Knowledge, norms, criteria, and motivations can change 
behavior and create new ways of working. When behavioral 
changes add up, the results can change significantly [41].
 

ty shown in the municipal infrastructure plans or to a proven 
local operation, which is completely greenhouse-gas-neu-
tral, from start of operation [39].

Further measures relate to the renewable energy re-
quirement in new builds. From 2025 at the latest, only 
local, completely greenhouse-gas-neutral heating solutions 
should be approved for installation in new builds (heat 
pumps and district heating; in the case of oil and gas boil-
ers, only fuels that are neutral for greenhouse gases from 
start of operation) [39].

In addition, approaches to the promotion of GreenTech re-
late to promoting skilled workers including technicians, 
planners, and tradesmen, promoting innovation in serial 
renovation, information campaigns on energy renovation, 
as well as the BEHG transfer capacity for the tenant de-
pending on the energy-related building condition, the defi-
nition of standards to ensure the reuse and resource 
efficiency of building materials, formulating standards and 
quality criteria for building automation (e.g. interopera-
bility, technical flexibility), reforming the German Ordi-
nance on the Supply of Heat (Wärmelieferverordnung), 
and considering rising CO2 prices for fossil fuels [39].

       Energy

The energy industry is particularly in the spotlight because of 
the significance of the energy transition. One key approach 
concerns the development of renewable electricity gen-
eration capacity. The current renewable generation capac-
ity must more than double by 2030 to meet the increasing 
demand for renewable electricity during the energy transi-
tion. The target path includes 140 GW of photovoltaics, 98 
GW of wind power on land, and 28 GW of wind power 
at sea to meet a rise in net electricity demand to 722 TWh 
while meeting the emissions budget (2019: 507 TWh) [39]. 

In addition, a network expansion is required at all volt-
age levels. An enormous network expansion is needed to 
integrate renewable energies (especially wind at sea), con-
nect large new consumers (for example electrolysis, power-
to-heat in industry, electric mobility), and create a flow of 
electricity that is as free from bottlenecks as possible. The 
ambitious current network development plan must be 
exceeded by 2035 and accelerated as early as 2030. At the 
same time, the distribution networks need to be consider-
ably expanded and digitalized, and consumers need to be 
made more flexible within the framework of technical and 
economic limits, so that electrical consumers such as battery 
vehicles or heat pumps receive price signals for flexible oper-
ation in the electricity system [39].

Finally, the expansion of thermal power is essential to en-
sure security of supply. To hit the climate protection target 
for anticipated electricity consumption, coal generation will 
be phased out by 2030. In order to remove these capacities 
from the grid, more than 40 GW of gas-fired power stations 
would have to be built up by 2030 to ensure security of sup-
ply (especially in times of low wind and sun), otherwise coal-
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the German Online Access Act (Online-Zugangsgesetz), 
simplifying IT-based procedures, identity management, an 
open source cloud in public administration, as well as 
strengthening digital civil rights and IT security.

Questions on digital infrastructure are addressed in two 
further passages. The first concerns the expansion of the 
supply of fiber-optic and mobile phone standards. In addi-
tion, a data infrastructure will be set up that enables data 
to be integrated, sets high standards in data security, and 
makes data available in the form of open data.

Germany is to be maintained and expanded as a technol-
ogy location. Corresponding targets and measures can be 
found in two further passages. This addresses, for example, 
the promotion of key IT technologies such as artificial 
intelligence, quantum computing, cybersecurity, distributed 
ledger technologies, robotics, and the technological sover-
eignty of Germany as a whole. Finally, the coalition agree-
ment establishes specific references to individual sectors 
in two other passages, namely the promotion of Building 
Information Modeling (BIM) in the construction and real 
estate industries as well as the digitalization of schools 
through the digital pact.

As an interim conclusion, it can be stated that the Federal 
Government provides space for the topic of digitalization 
within the framework of the coalition agreement. Import-
ant issues are addressed. However, given the importance of 
digital technologies for the transformation of the economy 
and society, individual measures should perhaps have been 
emphasized and identified. The approaches outlined above 
are desirable for bundling the competencies of the Federal 
Government and promoting key IT technologies. Unfortu-
nately, the connection between digital transformation, cli-
mate change, and GreenTech is not addressed at all.

Environmental effects

One key motivation of the Federal Government is to 
strengthen measures to tackle climate change. There-
fore, the discussion of environmental effects within the frame-
work of the coalition agreement takes up a large amount of 
space. In total, environmental effects as well as the corre-
sponding targets and measures are outlined in 37 passages.

Reference is made primarily to a general emphasis on the 
climate crisis and the orientation of the German govern-
ment’s work in relation to the Paris climate protection goals 
in six passages. The political targets and measures should 
be aligned with ecology and economy in equal measure. In 
addition, the Federal Government is committed to the 17 
Sustainable Development Goals of the UN.

The energy transition occupies the largest space within the 
sub-area of environmental effects. The Federal Government 
stresses the need for developing renewable energies. The 
main aims are the orientation around the 1.5 degree path and 
the achievement of technology-independent climate neutral-
ity in the Federal Republic of Germany by 2045. This should 

The coalition agreement of the new Federal Govern-
ment as well as corresponding legislative procedures and 
further political implementation can be used to evaluate the 
political agenda with regard to GreenTech. In addition, Eu-
ropean and global initiatives, such as the Paris Agreement, 
the European Green Deal, and the recent Climate Change 
Conference in Glasgow (COP26) are crucial.

3.1

Global and European 
initiatives

The Paris Agreement is an international treaty signed by 
197 countries at the United Nations Climate Change 
Conference in Paris (COP 21) on December 12, 2015, on 
the occasion of the United Nations Framework Convention 
on Climate Change. The Paris Agreement aims to protect 
the climate, following on from the Kyoto Protocol. As of to-
day, 180 countries have ratified the agreement, including 
the world’s largest CO2 emitters, China, the USA, and India, 
along with the European Union and Germany. The common 
objective of the Convention is to limit the increase in the 
global average temperature to well below 2 degrees Celsius 
above pre-industrial levels and to limit the increase in tem-
perature to 1.5 degrees Celsius above pre-industrial levels. 
The pre-industrial level is defined as the average value for 
the years 1850 to 1900. The aim is to significantly reduce 
the risks and effects of climate change. It also aims to in-
crease the capacity to adapt to the adverse effects of climate 
change.

The 26th World Climate Change Conference (COP 26) in 
Glasgow took far-reaching decisions on international cli-
mate protection. For the first time, the international com-
munity stated that the production of energy through the 
burning of coal is to be phased out. Inefficient subsidies 
for oil, gas, and coal will also be a thing of the past. The 
contracting states stressed that national efforts must be in-
creased this decade to limit global warming to 1.5 degrees 
Celsius. The final declaration from Glasgow therefore calls 
on states to improve their climate targets for 2030 as early 
as 2022. In future, the gap between the 1.5 degree target 
and the global level will be checked every year, rather than 
every five years. The European Union has already laid down 
stricter climate protection targets by law. Germany wants 
to become climate-neutral by 2045 and reduce greenhouse 
gas emissions by at least 65 per cent by 2030.

The European Green Deal is a concept presented by the 
European Commission on December 11, 2019 with the aim 
of reducing net greenhouse gas emissions to zero within 
the European Union by 2050 and thus becoming the first 
“continent” to become climate-neutral. The Green Deal 
will become a central component of the European Union’s 
climate policy and comprises a number of measures in the 
areas of financial regulation (sustainable finance), energy 
supply, transport, trade, industry, agriculture, and forestry. 
The current target of reducing the European Union’s CO2 

go hand in hand with removing bureaucratic barriers to the 
development of renewable energy sources. In the future, 80 
per cent of the national energy requirements will be met by 
renewable energies. Some of the measures include expand-
ing PV plants to 200 GW by 2030, using wind energy on 2 
per cent of the land area, promoting bioenergy and geo-
thermal energy, and implementing modern gas-fired power 
plants.

Within the coalition agreement, individual measures in dif-
ferent areas are then described and linked to the outlined 
climate goals. Reference is made, for instance, to the issue 
of energy efficiency and promoting efficiency measures. 
The energy networks will be expanded. This is an essential 
factor for producing and transporting electricity from re-
newable energy sources. Particular emphasis is placed on 
expanding electrified and digital networks. In some pas-
sages, reference is made to green hydrogen. Research and 
implementation of the use of green hydrogen will be accel-
erated. This is also linked to the development of a hydro-
gen infrastructure for the production and transport of green 
hydrogen. In this context, the Federal Government wants to 
push ahead with the implementation of the IPCEI (Important 
Projects of Common European Interest) for green hydrogen. 
Another focus is on the promotion of battery technolo-
gies. The Federal Government wants to set up a center for 
research, production, and recycling of battery technologies. 
Further specific measures relate to the promotion of biodi-
versity, the creation of synergies between nature conserva-
tion and climate protection, the implementation of carbon 
capture strategies, the promotion of a circular economy, and 
the reduction of primary raw material consumption.

Finally, the coalition agreement sets special priorities for indi-
vidual sectors. They apply in particular to the industrial, agri-
cultural, and mobility sectors. Reducing the consumption 
of resources in industry is addressed in three passages. The 
aim is to promote the implementation of digital twins for 
better planning and control of production processes as well 
as for resource conservation. In view of the increasing de-
mand for cloud infrastructures, the development of green 
data centers is supported. In general, the coalition agree-
ment calls for the use of technologies for a competitive and 
climate-neutral industry. The Federal Government intends to 
make an intensive effort to formulate an industrial strate-
gy for the Green Deal at EU level.

The implementation of sustainable agriculture is also ad-
dressed in three passages. From the Federal Government’s 
point of view, this requires regional value chains. In addition, 
technologies for reducing drift and for the precise ap-
plication of crop protection and fertilization will be pro-
moted. The availability of public data for agriculture is 
an essential precondition for this. This will strengthen the 
general development of a data infrastructure and the joint 
production and use of data in agriculture.

The mobility sector is the most important sector in the coa-
lition agreement. This is fundamentally linked to the trans-
formation of the automotive industry. Corresponding 

emissions by 40% per cent compared to 1990 by 2030 
will be stepped up to a reduction of 50 to 55 per cent. 
To this end, the EU member states will adapt their climate 
plans accordingly by 2023. The EU Commission presented 
a corresponding law (European Climate Act) on March 4, 
2020. In addition, the countries particularly affected will be 
supported with a total of 100 billion euro in the transition 
to an emissions-free economy. The second action plan for 
the circular economy was also presented in March 2020.

3.2

The political agenda of the 
new Federal Government

The coalition agreement of the new Federal Government 
was presented in November 2021 and relates in many ar-
eas to the European and global initiatives mentioned above. 
The coalition agreement includes a wide range of targets 
and measures that are compatible with the GreenTech ref-
erence model. Many targets and measures are only roughly 
outlined. Further details can be expected as the political im-
plementation continues. 

In addition, the coalition agreement sets priorities. Certain 
directions and technologies are clearly focused, while some 
approaches are not dealt with at all. The connection be-
tween technology and climate transformation is hardly ex-
amined at all and can only be found in a few subclauses. In 
general, the following findings can be recorded on the basis 
of the GreenTech reference model.

Concept level

The term GreenTech is not used within the coalition agree-
ment. In general, the link between climate change and 
technology is only addressed in two passages. For exam-
ple, digital twins and other technologies are characterized 
as a key factor in a competitive and climate-neutral industry. 
But the emphasis on the importance of technology and the 
reference to integrating climate transformation and digital 
transformation is surprisingly weak.

Importance of digital technologies

Regardless of the climate debate, the importance of digital 
technologies is underlined at various points in the coalition 
agreement. This is already the case in the preamble (“We 
want to make better use of the potential of digitalization”). 
In total, twelve passages contain specific references to 
targets and measures in the context of digital trans-
formation. This initially includes general passages on the 
importance of digitalization and the transformation of the 
economy and society. In three passages, the Federal Govern-
ment calls for the bundling of its competencies in the field 
of digitalization, an agile administration, and the promotion 
of digital innovations. Digital technologies are highlighted 
in three other passages as a means of simplifying planning 
and approval processes. The focus will be on implementing 
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Germany aims to become 
climate-neutral by 

passages can be found at seven points of the coalition 
agreement. They call for concepts for sustainable mobili-
ty of the future and for the decarbonization of the mobility 
sector. Germany will be expanded as a leading market for 
electromobility. This is linked with the considerable mod-
ernization of the general infrastructure and especially the 
rapid and massive expansion of the charging infrastructure. 
Looking ahead to further disruptive developments within the 
automotive industry through sharing concepts and autono-
mous driving, Germany will be positioned as an innovation 
location for mobility concepts of the future. Further pri-
orities are set in the digitalization of the rail network, the 
promotion of digital mobility services, car sharing, and 
the creation of a pioneering position for CO2-neutral flying.

The following should be noted as an interim conclusion: The 
new Federal Government is focusing on the issue of climate 
and dedicates a total of 37 passages in the coalition agree-
ment to the various targets and measures. The focus is on 
the energy transition, the promotion of renewable energies, 
and the transformation of the automotive industry. The 
individual building blocks of the coalition agreement have 
been set appropriately. From the perspective of GreenTech, it 
would be desirable for the role of various technologies in the 
realization of the set goals to be emphasized. The influence 
of digital technologies is also addressed in individual mea-
sures, but is still insufficient in its overall scope.

Economic and social effects

In addition to the outlined environmental effects, the coali-
tion agreement also addresses the other dimensions for sus-
tainability. However, the description of economic and social 
effects is much shorter. Altogether, relevant content can be 
found in only six passages.

In this context, the objective formulated by the Federal Gov-
ernment to convert the economic system into a socio-eco-
logical market economy is important. This is linked to a 
set of rules for innovation to bring Germany on the 1.5 
degree path through various measures. The coalition agree-
ment also emphasizes the aim of creating safe markets for 
energy-friendly products. This will be implemented, for ex-
ample, by means of minimum quotas in public procurement.

From an economic point of view, the Federal Government 
also addresses compensatory measures. This concerns, for 
example, ensuring competitive electricity prices for 
businesses. At the same time, all potential for the switch to 
renewable energies will be exploited. Energy partnerships 
will be established between different actors in relation to 
green hydrogen.

Overall, the coalition agreement formulates the aim of mod-
ernizing Germany as a location for industry through 
new business models and climate-neutral prosperity. 
Sustainable jobs will be created through technological in-
novations. This approach is also anchored in the GreenTech 
reference model.

As an interim conclusion, the combination of environmen-
tal, economic, and social targets and measures in the coali-
tion agreement does not go far enough. The interaction of 
the three dimensions for sustainability is recognized by the 
new Federal Government and addressed in a few passages. 
Overall, however, the statements on the economic and social 
effects remain superficial. In particular, the interaction be-
tween the three sustainability dimensions is not adequately 
addressed.

Growth models

The coalition agreement addresses different targets and 
measures in the creation of the framework conditions for 
growth by GreenTech. These are not directly related to Gre-
enTech. However, the policy-making measures can be linked 
to the content of the reference model. There are a total of 
65 passages that can be interpreted as political support in 
the context of climate change.

Most of the passages on policies for growth relate to the 
mobility sector. A total of 16 passages address the changes 
in the automotive industry in particular. The German govern-
ment wants to focus on promoting the mobility transition. 
Related measures are discussed in the strategy platform 
“Transformation of the automotive industry” (Trans-
formation Automobilwirtschaft). The change will be imple-
mented by pushing the transformation toward electromo-
bility. In this context, the coalition agreement provides for 
targeted cluster funding and the further development of Eu-
ropean battery projects. The establishment of cell production 
sites is to take place with measures from the development 
to the recycling of battery technologies. Only CO

2-neutral 
vehicles will be eligible for registration by 2035. Com-
pliance with fleet limits for CO2 emissions is adjusted and 
defined as a standard for all manufacturers. The promotion 
of electric vehicles is only envisaged if there are positive cli-
mate effects. This is linked to phasing out the funding of 
plug-in hybrids. An electrical minimum range of 80 km is 
set for new vehicles. In addition, support will be provided to 
implement the ambitious Euro 7 pollution standard. A tar-
get of one million public charging points by 2030 has been 
set for the expansion of the electromobility charging infra-
structure. This requires removing red tape when developing 
the charging infrastructure. The new charging infrastructure 
should also enable bi-directional charging and provide more 
transparency on prices and availability status. In addition, a 
comprehensive system of fast-charging hubs is required. 
Further measures relate to the implementation of a mobility 
data act on the free availability of mobility data. This makes 
it possible to use data on mobility activities in a way that 
is neutral for competition. Finally, the new Federal Govern-
ment plans to implement a law on autonomous driving.

Further targets and measures in the field of mobility relate to 
the expansion of transport infrastructure with a focus 
on rail travel, a CO2 differentiation in the HGV toll, and the 
introduction of CO2 prices for freight transport from  
3.5 tons. The funding program for climate-neutral buses will 
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be maintained. In addition, the development of a 2030+ 
aviation concept for the future of airports is planned. This 
also includes reducing short-haul flights as well as improv-
ing rail connections.

The second major focus of GreenTech’s targets and mea-
sures for growth is promoting start-ups. The coalition 
agreement contains ten passages on the subject. These 
relate, among other things, to the general improvement 
of conditions for start-ups in Germany as an industrial lo-
cation and the strengthening of venture capital provi-
sion. One special focus in the coalition agreement is access 
to venture capital. In addition, this will be supported by the 
start-up grant, easy access for start-ups to public tenders, 
establishing KfW as co-venture capital provider for 
key technologies, opening up the venture capital market 
to institutional investors, and facilitating public offerings 
and capital increases through dual-class shares. In addition, 
the acquisition of private sources of capital for transforma-
tion projects will be supported as part of an “Alliance for 
Transformation.” The conditions for start-ups will continue 
to be improved through the promotion of start-ups from 
universities and companies, start-ups from business suc-
cession, as well as comprehensive contact points for start-
up advice, and simplifying start-ups. In addition, the 
Federal Government wants to create incentives for leading 
markets and climate-neutral products. The start-up mea-
sures will be accompanied by support for small and me-
dium-sized enterprises (SMEs). This is particularly true for 
strengthening SMEs in the use of digital technologies and 
simplifying support programs.

The third focus of the Federal Government is on the ener-
gy sector, with nine passages. This is particularly linked to 
the development of renewable energies. In this area, 
the coalition agreement provides for an extension of in-
struments for non-subsidized enlargement, strength-
ening of the decentralized expansion of renewable 
energies, and accelerating planning and approval pro-
cedures. In future, all suitable roof areas will be used for 
solar energy. The expansion of PV plants and wind farms 
as well as securing sea areas for offshore plants in the ex-
ternal economic zone is being pushed forward. Further tar-
gets and measures are aimed at developing a biomass 
strategy, improving the data situation for geothermal 
energy, promoting tenant electricity and accommoda-
tion concepts, as well as comprehensive municipal heat 
planning.

From the perspective of primary energy sources, the Feder-
al Government is aiming for an accelerated phase-out of 
coal-fired electricity generation. Natural gas is regard-
ed as a transition technology. In response to the war in 
Ukraine, the Federal Government has adapted this strategy 
and is pushing forward the import of liquefied natural 
gas (LNG) and the expansion of LNG terminals. In the me-
dium term, the plan is to switch to climate-neutral gases 
(H2-ready) in combination with renewable energies. This 
is linked to the establishment of an efficient hydrogen 
economy, fair competition conditions for importing hy-

drogen, and the certification of hydrogen and its deriv-
atives. In this context, an ambitious formulation of the Re-
newable Energy Directive that is technology-independent 
will be implemented.

The coalition agreement sets further priorities for improv-
ing electricity networks. A total of five relevant passages 
can be defined. The focus of the coalition is on develop-
ing a climate neutrality network. This relates to the 
development of “electricity highways” and facilitating 
the planning and implementation of electricity and 
hydrogen networks. Aspects of digitalization are also in-
cluded in the coalition agreement, for example with regard 
to digitalizing distribution networks and accelerating the 
roll-out of intelligent measuring systems and smart 
grids. Storage will be legally classified as an independent 
pillar of the energy system. The coalition agreement also 
calls for greater citizen participation in the expansion 
of the network.

In addition to the electricity grids, the coalition agree-
ment also addresses electricity markets as a whole. 
Corresponding targets and measures can be found in six 
passages. In the view of the Federal Government, a new 
electricity market design will be developed. A platform 
on the topic of the “climate-neutral power system” will 
be established for this purpose. According to the Feder-
al Government, corresponding efforts must be integrated 
into the European internal market. Guidelines for further 

development include consideration of market prices 
in support of combined heat and power, creating in-
centives for the cross-sectoral use of renewable ener-
gies, promoting decentralized production models, and 
reviewing state-induced price components. In ad-
dition, a sector coupling in pricing will be implement-
ed, taking into account CO2 prices. Financing of the EEG  
(Renewable Energy Sources Act) levy via electricity prices 
will be ended. Tax incentives for the economic use of elec-
tricity will cease in the future. 

The targets and measures relating to the design of the elec-
tricity market illustrate the German government’s Europe-
an ambitions. In total, the coalition agreement contains six 
passages relating to European coordination on energy 
issues. They relate, for example, to the harmonization of 
European standards and the establishment of an inter-
national climate club. The aim is to find a uniform min-
imum price for CO2 and a common approach for balanc-
ing CO2 limits. This is also reflected in participation in the 
EU’s “Fit for 55” program. In the revision of the European 
emissions trading system, the Federal Government wants 
to promote an ETS minimum price and a second emis-
sions trading scheme in the field of mobility and heat 
(ETS2). This is linked to the implementation of social com-
pensation mechanisms. A harmonized emissions trading 
system in the EU should be in place by the 2030s.

From a sectoral point of view, the coalition agreement 
advocates, among other things, promoting the trans-
formation of industry. A total of three relevant passag-
es can be identified. The targets and measures relate to 
regional innovation clusters and to supporting industry 
in the climate transformation. Suitable instruments include 
carbon contracts for difference and other climate agree-
ments. The new Federal Government wants to promote a 
Europe-wide mechanism for balancing CO2 limits. This also 
takes into account technical negative emissions and op-
erating permits for fossil fuel energy infrastructure 
until 2045.

Similar targets and measures to promote the transforma-
tion of the building industry can be found in two pas-
sages. This includes a funding program for new housing, 
taking into account greenhouse gas emissions. Binding 
quotas for renewable energies in new builds will be 
prescribed by 2025. This will be implemented in the same 
way for major extensions and conversions. In addition, a 
switch to rent that includes part of the heating costs 
and a fair distribution of the CO2 price on heating costs 
between tenant and landlord is being sought. 

The promotion of digitalization in agriculture is mentioned 
in one passage of the coalition agreement. This addresses 
the availability of public and state data in a harmonized 
format and the creation of a data space based on the 
Gaia-X standard.

For the financial industry, the new Federal Government 
plans to promote Germany as a leading brand for sustain-
able finance and fintech. This objective is driven by sup-
port for framework conditions for sustainable financial 
products. This should take into account European mini-
mum rules for ESG ratings, sustainability risks in ratings, 
and transparency standards for sustainability information.

Irrespective of individual sectors, the coalition agreement 
dedicates a lot of space to the design of better frame-
work conditions for science and research. A total of 
three relevant passages can be identified. They relate to the 
promotion of knowledge transfer, the establishment 
of an agency for transfer and innovation, and the es-
tablishment of lighthouses and innovation regions for 
research and transfer.

Other general positions of the new Federal Government in-
clude the further development of the German Climate 
Protection Act, the imposition of a program of short-term 
measures, the definition of climate protection as a cross-sec-
tional task, and the examination of legislative proposals for 
their climate effects. In addition, the climate effects for 
each sector of the economy will be examined and report-
ed in an annual monitoring process. The Federal Govern-
ment wants to avoid the purchase of EU emission trad-
ing certificates. In addition, the German sustainability 
strategy will be further developed. This includes a program 
of measures on sustainability as well as an increase in the 
binding nature of sustainability measures through cor-
porate governance.

Finally, another passage in the coalition agreement deals 
with promoting the transformation to a circular econ-
omy. The aim is to implement the adaptation of legal 
framework conditions and to drive the development 
of a national circular economy strategy. This includes, 
but is not limited to, standards for raw materials, product 
design, and raw material recycling, strengthening producer 
responsibility, digital product passports, waste prevention 
through return and deposit systems, the promotion of ideas 
for shared use, incentive systems for the recovery of raw 
materials from electrical appliances, the reduction of returns 
destruction, and incentives for recycling-friendly packaging. 
Quality-assured waste products will be given product status. 
Binding recycling quotas for companies are planned. Finally, 
chemical recycling will be promoted, municipal waste will no 
longer be sent to landfill, and a harmonized, level playing 
field for plastic recycled material will be created.
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3.3

Evaluation in the 
context of the GreenTech 
reference model
An evaluation of the coalition agreement as well as the 
associated targets and measures of the new Federal  
Government in the context of the GreenTech reference 
model produces the following findings. In general, the coa-
lition agreement contains many targets and measures that 
can be classified in the reference model. However, the con-
cept of GreenTech itself is not addressed within the coali-
tion agreement. In general, the importance of the link be-
tween climate change and technology is not awarded 
enough significance, given that it is of central importance 
for the transformation toward a socio-ecological market 
economy. Climate change can only be successfully man-
aged on the basis of technological innovations combined 
with an orientation toward environmental, economic, and 
social aims. At the same time, environmental effects, 
economic growth, and social equity should be estab-
lished. The interaction of these dimensions needs to be 
made clearer and substantiated in the form of a master 
plan. The coalition agreement contains many relevant indi-
vidual measures in this area, especially with regard to the 
formulation of the desired environmental aspects. Howev-
er, it is not adequately expressed as a complete idea.

A comparable finding applies to the topic of digitaliza-
tion. The coalition agreement does address the key areas 
of digitalization. However, given the importance of digital 
technologies in transforming the economy and society, a 
greater emphasis on the importance of digital tech-
nologies for growth and for achieving environmental 
goals is desirable. The approaches outlined above with re-
gard to bundling the competencies of the Federal Govern-
ment and the promotion of key information technologies 
should be highlighted positively. Unfortunately, the con-
nection between digital transformation, climate change, 
and GreenTech is not addressed thoroughly enough.

From an environmental point of view, the new Federal Gov-
ernment highlights the targets and measures in place 
for tackling climate change. These are urgently need-
ed against the backdrop of the Paris Agreement targets 
and the European Green Deal. In the outlined targets and 
measures, the focus is on the energy transition, promoting 
renewable energies, and transforming the automotive in-
dustry. The individual building blocks of the coalition agree-
ment have been set appropriately. From the perspective of 

GreenTech, it would be desirable for the role of various 
technologies in the realization of the set goals to be 
emphasized. The influence of digital technologies is also 
addressed in individual measures, but is still insufficient in 
its overall scope. Overall, the economic and social effects 
of GreenTech are not sufficiently addressed and the 
statements on these effects generally remain superficial. In 
particular, the interaction between the three sustainability 
dimensions is not adequately addressed.

In the discussion on growth strategies, the new Feder-
al Government focuses on the sectors of mobility and 
energy, as well as promoting start-ups. The targets and 
measures outlined in these areas are very well formulated 
and clearly defined, meaning that the coalition agreement 
provides a good basis for further implementation. 

The Federal Government’s strong focus on promoting 
start-ups and the plans to simplify access to risk capital 
should be highlighted in a particularly positive way. How-
ever, the statements in the coalition agreement regarding 
the promotion and transformation of small and medi-
um-sized enterprises are much weaker. Most companies 
in the GreenTech industry today are medium-sized enter-
prises. A large number of other medium-sized companies 
are starting points for the integration of GreenTech. In this 
respect, the coalition agreement makes no statement as to 
how small and medium-sized enterprises can play a more 
significant role in the growth dynamics of GreenTech.

What’s more, the coalition agreement remarkably offers 
relatively little content in relation to other sectors such 
as industry, agriculture, and the building sector. The 
focus clearly lies on the energy transition, the expansion of 
renewable energies, the design of energy networks, and 
the sectoral adaptation of the automotive industry. Mea-
sures in the areas of energy and resource conservation or 
the circular economy, as well as corresponding implemen-
tation in the other sectors of the economy, are weak. The 
coalition agreement thus sets the right priorities, but re-
mains imprecise in many key areas of formulation.

The Federal Government allows citizens to follow the work 
of the “traffic light coalition” through the coalition track-
er [56]. There are 255 projects on the online platform, di-
vided into areas such as digital, environment, climate and 
transport, and housing and construction. For each area, the 
number of planned projects and their status are indicated. 
Of the 255 projects, 18 are digital and 26 are environment, 
climate, and transport.
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Organizational form

Hierarchy levels

Industry
35%

Research
12%

GreenTech
15%

NGO
10%

Venture 
Capital10%

Public
13%

Consulting 
5%

Executive management

Department/area management

Employees without leadership responsibility

The methodology of the qualitative expert interviews follows 
an exploratory research design. A qualitative survey with 
semi-structured interviews was carried out for this pur-
pose. Data was collected from individual interviews conduct-
ed either online as video conferences or by telephone. To 
ensure better traceability, all interviews were recorded dig-
itally and then transcribed. The transcribed source text was 
initially analyzed on a case-by-case basis. This was the basis 
for developing a category system for the structured evalu-
ation of the text material. The individual transcripts as well 
as the digital recording were destroyed after an aggregated 
evaluation to ensure the anonymity of the interviewees.

The methodical evaluation of the interviews is based on 
procedural models of qualitative data analysis according 
to Kuckartz et al. (2008). From a methodological perspec-
tive, qualitative data analysis consists of forming categories 
(=codes) and assigning individual passages to these cate-
gories (=coding). The data and analysis software MAXQDA 
was used to support the coding. The transcribed texts were 
first imported into MAXQDA. It was then possible to assign 
individual passages of the transcribed interviews to the de-
fined categories.

On this basis, the data for each category was quantitative-
ly evaluated and qualitatively interpreted. The quantitative 
evaluation refers to the quantity of codes per category. Ap-
propriate evaluations can be visualized and thus provide an 
overview of the code frequencies or the significance of a 
specific topic from an empirical point of view. Subsequently, 
the individual categories can be interpreted with regard to 
the formulated objectives of the qualitative investigation.

The sample group for the qualitative survey was made up of 
40 experts who deal with the topic of GreenTech in their 
daily work in different functions and forms. The interviewees 
were assigned to different forms of companies or organiza-
tions (see figure 8). A distinction was made between experts 
from industry, research, companies belonging to the 
GreenTech sector, NGOs (=non-governmental organiza-
tions), venture capital providers (venture capital), public 
sector organizations and companies, and consulting 
companies. 

As can be seen from figure 8, at 35 per cent (14 respon-
dents), the majority of interviewees are in industry. Some 15 
per cent (6 respondents) work for GreenTech companies and 
are the second largest group represented. The public sector 
and research institutions are represented among the inter-
viewees at 13 per cent and 12 per cent respectively. 10 per 
cent each (4 respondents) are employed by NGOs or venture 
capital companies and two interviewees are employed by 
consulting companies. Figure 9 also shows the composition 
of the sample in terms of the hierarchical position of the 
interviewees in their organization. 

For example, the management level of CEOs/managing 
directors and other members of the management board is 
represented by 43 per cent of the experts. A further 48 per 
cent of the interviewees work as section or department 
heads. Some 10 per cent of respondents are employees 
with no management responsibility.

4.1

GreenTech and relevant 
technologies

As outlined in Chapter 2.2, there is no single definition of 
the concept “GreenTech.” For the definition of terms, mul-
tiple answers were possible in the interview. The six fields of 
action described in Chapter 2.2.1 are extensive: (1) energy 
sources and carriers, (2) energy production, distribution, and 
storage, (3) energy efficiency, (4) sustainable materials and 
products, (5) sustainable product design, manufacturing, 
and value-added processes, and (6) circular economy and 
product life cycles. Roughly speaking, any technology that 
contributes to the pursuit of sustainable goals can be 
defined as GreenTech. The experts surveyed broadly agree 
with this definition of the term.

“GreenTech 
describes any 
technology 
that makes our 
economy climate-
neutral.”
Sebastian Schaule, 
Head of Division, Energy, Bitkom e. V.

Among the respondents who define GreenTech more pre-
cisely according to fields of action, most associate Green-
Tech with decarbonization. Forty per cent of respondents 
associate GreenTech with reducing or preventing CO2. Ex-
amples include producing energy from renewable resourc-
es and creating alternative forms of propulsion. Thirty 
per cent of experts see technologies to increase the effi-
ciency of resource consumption or energy use as part of 
the GreenTech concept.

A quarter of the respondents draw parallels with the estab-
lished concept of environmental technology. They see 
environmental technology as a sub-area of GreenTech. In 
some cases, properties such as environmental protection or 
resource protection are classified as a pillar of GreenTech, 
and in some cases the experts surveyed even use the terms 
GreenTech and environmental technology interchangeably.

Around ten per cent of respondents see environmental-
ly friendly products as a dimension of GreenTech, and 
choose a concept that goes beyond the purely technologi-
cal component. Accordingly, they classify products based 

on (green) technologies as GreenTech. In the context of 
the product dimension, there is some discussion of a more 
sustainable replacement for existing products. The experts 
therefore also refer to technological products with sustain-
able properties that replace established and less sustainable 
products as GreenTech.

“GreenTech is everything that is better than average. 
This means that every product, every service, and ev-
ery offer has to be reduced to its environmental com-
patibility or friendliness, and be evaluated by this, 
and is therefore naturally in competition with other 
services.” 
Sven Krüger, CEO & Co-Founder GREENTECH FESTIVAL

Ten per cent of the experts also consider the term GreenTech 
more narrowly in terms of technological optimization in pro-
duction, as is the case with saving raw materials and oth-
er materials in production. This includes process optimi-
zation, process improvement, and value chain optimization.

The answers to the question of relevant technologies are as 
varied as the definitions of terms for GreenTech (see Figure 
10). Multiple answers were possible in this case. At a total 
of 80 per cent, alternative energies are most commonly 
referred to as GreenTech technology. Almost half of the 
respondents (45 per cent) see solar energy as a highly 
relevant technology for substituting fossil fuels as primary 
energy sources. Thirty per cent of the respondents cite wind 
energy as another regenerative energy source. Hydropower 
is mentioned by only six per cent of the respondents. Some 
experts view hydropower more critically because of its im-
pact on the habitats of the affected areas and its centrality.

In addition to solar energy, digital technologies are at the 
top of the list of GreenTech technologies at 45 per cent. They 
are referred to as drivers and enablers of GreenTech in var-
ious areas, in particular when it comes to optimizing value 
chains using data analytics, digital twins, and intelligent 
algorithms and AI. In addition, the interviewees mentioned 
digital technologies such as blockchain being used to mon-
itor and optimize the product life cycle, and therefore avoid 
waste and analyze usage patterns. Due to the special impor-
tance of digital technologies for GreenTech, this is dealt with 
in a separate question in Chapter 14.2.

At 36 per cent, hydrogen and e-fuel, as well as energy 
storage systems, are the third most important of the listed 
GreenTech technologies. The experts define energy storage 
systems as battery technologies, other electrical storage 
systems, and heat energy storage systems. In the con-
text of hydrogen and e-fuel, the experts surveyed preferred 
their use in logistics, ship propulsion, aircraft propulsion, and 
industrial applications.

Fifteen per cent of the respondents respectively name electric 
mobility and recycling technologies as GreenTech technolo-
gies. Some respondents stress that the positive effects of elec-
tromobility can only be expected if the efficiency and resource 
protection of battery technologies are developed accordingly.

Figure 8: Composition of the sample according to 
organizational forms (n=40)

Figure 9: Composition of the sample by 
hierarchy levels (n=40)

n=40

43%

47%

10%
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In addition to energy generation technologies, around 12 
per cent of the respondents mention smart energy dis-
tribution and use, such as through smart grids. However, 
some of the respondents cite not only the distribution of 
electrical energy, but also heat networks as a relevant tech-
nology for the distribution of energy. 

Similarly, 12 per cent of the respondents identify the use 
of green electricity to operate heat pumps in the field of 
energy and energy networks. The interplay of the listed tech-
nologies for the production, distribution, and use of energy 
is occasionally mentioned, both in the household sector and 
also for the use of process heat.

Referring to the presentation of GreenTech described in 
Chapter 2.2, the impressions of the experts correlate with the 
reference model. In particular, the relevance of digital tech-
nologies is repeatedly highlighted by the participants. The 
technological landscape described in the model is supple-
mented by the experts listing particularly relevant technolo-
gies. As described in the reference model, the technologies 
provide the basis of the concept and play out their inter-
actions. The product dimension of GreenTech, as explained 
in the reference model, is also confirmed by some experts.

“A circular 
economy will 
not be possible 
without data 
exchange along 
the supply chain.
It is important 
to ensure 
confidentiality 
via a third party 
through verifiable 
certificates.”
Dr. Gunter Beitinger, 
Senior Vice President Manufacturing, Head of Factory Digi-
talization & Head of Product Carbon Footprint, Siemens AG

In addition, a third of the experts define digital technolo-
gies as cross-sectional technology. The omnipresence 
of digital solutions in all areas of life will also be continued 
through GreenTech. Digital technologies are used in all areas  
of GreenTech by algorithms controlling intelligent systems 
such as smart grids, making product development possible 
through digital models and analyses, and monitoring the 
production of sustainable products. In some cases, digital 
technologies are considered the core of GreenTech. 

“Digitalization 
is an absolutely 
key component, 
a cross-sectional 
technology with-
out which we 
cannot tackle the 
issue of charging 
infrastructure and 
therefore the 
entire area of the 
battery-electric 
drive.” 
Conrad Hammer, 
Head of the Federal-State-Municipal Coordination team,
National Center for Charging Infrastructure at NOW GmbH

Six respondents view the contribution of digital technologies 
to sustainability more critically due to the rebound effect. 
They stress that the determination of the effect must be eval-
uated on a case-by-case basis. Technologies that involve a 
great deal of computing power, such as artificial intelligence 
or blockchain, are particularly mentioned in this context as 
possible triggers of a rebound effect. 

Some experts focus on the collection and analysis of 
data. Digitalization plays an essential role in the collection 
of data. Automation and intelligent controls are not possible 

Solar

Digital technologies

Water and e-fuels

Energy storage (electricity + heat)

Wind power

Recycling

Electric mobility

Heat pumps

Geothermal energy

Energy networks (smart grids)

Nuclear fusion
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Synthetic foods and substitutes 
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Lightweight construction

Carbon capture 

3D printing
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Figure 10: GreenTech technologies listed in expert 
interviews (n=40)

“I need something like a digital twin for my product 
that will be with it throughout its life cycle. This is the 
only way I can achieve transparency and track, mea-
sure, evaluate, and optimize my product cleanly. It also 
makes me a little more independent of supply chains. 
We all know just how uncomfortable it is when they 
don’t work.” Expert, anonymous

4.2

The role of digital 
technologies

Almost all experts agree that digital technologies are 
the foundation of GreenTech. They enable data analysis, 
create transparency, control systems, and create networks. 
Some experts even view digital technology as the heart of 
GreenTech. This estimate is the same as in the previous chap-
ter, with 45 per cent of experts equating GreenTech technol-
ogies with digital technologies. Only a few interviewees do 
not consider digital technologies to be particularly important 
for GreenTech. In the interview, multiple answers were possi-
ble to describe the role of digital technologies for GreenTech. 

“GreenTech isn’t possible without digitalization. It 
would be like removing lungs from the body.”
Kevin Bär, Senior Manager Sales and Growth Global, E.ON

Approx. 70 per cent of the experts surveyed see digital tech-
nologies as enablers of GreenTech because they enable the 
implementation, application, and monitoring of sustainable 
initiatives through complex technologies. The study partici-
pants describe various GreenTech use cases that are not pos-
sible without digital technologies. Examples include digital 
product passports, traceability of the product life cycle, 
and other approaches to the circular economy. The ex-
perts see digital technologies as the core prerequisite 
for enabling a circular economy, especially in the case 
of industrial products. In addition, digital technologies bring 
flexibility to the market, thereby increasing the dynamics in 
the development of products and business models.

“We need digital product passports! All important in-
formation on our products must be included, such as 
carbon footprints, supply chain information, etc..” 
Daniel Ostner, Head of Corporate Sustainability, 
DRAEXLMAIER Group

70%
of the experts surveyed see 

digital technologies as enablers 
of GreenTech
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“Both cleantech and 
green tech I would say 
are just pointing to 
technology that reduces 
environmental impacts. 
I would say that I hear 
cleantech more in the 
context of climate 
change and green tech 
perhaps a little more 
generic, which may 
apply to other things 
like agriculture or other 
industries, not so much 
just about energy and 
climate.” 
Prof. Dr. Wayne Visser, 
author of Thriving: The Breakthrough Movement
to Regenerate Nature, Society and the Economy 
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without a reliable data basis. In addition, data creates the 
transparency needed to identify consumption and consump-
tion patterns, analyze product life cycles, and monitor val-
ue chains. They are the basis of a successful sustainability 
strategy. By applying algorithms to collected data, decisions 
can be made automatically and complex systems can be con-
trolled intelligently. 

“Having data 
and digital 
technologies 
throughout the 
entire product 
life cycle is crucial 
to developing 
a sustainability 
strategy.” 
Dr. Gunter Beitinger, 
Senior Vice President Manufacturing, 
Head of Factory Digitalization & Head of Product Carbon 
Footprint, Siemens AG

How important are digital technologies to unlocking 
GreenTech’s growth potential?

4 indispensable

3

2

1 unimportant

28%

4%

0%

68%

Figure 11: The importance of digital technologies to unlocking 
GreenTech’s growth potential (n=40)

This complexity management would not be possible oth-
erwise. The experts see digital technologies as the key to in-
creasing efficiency in all areas. Complex systems such as en-
ergy networks, logistics, and mobility systems can only fully 
exploit their efficiency potential through digital solutions. 
Finally, the experts rank the importance of digital technol-
ogies to GreenTech on a scale from 1 (= unimportant) to 4  
(= indispensable). The following figure shows the result.

Almost 70 per cent of the respondents consider digital 
technologies to be indispensable to unlocking the growth 
potential of GreenTech. The reason given is that every inno-
vative technology contains digital elements. Some experts 
point out that digital technologies are necessary not only 
to unlock growth potential, but also to remain competitive 
in the market, and are therefore essential to survival. A fur-
ther 28 per cent of experts rate the importance of digital 
technologies on the 1–4 scale as 3 and therefore very im-
portant. The reason for this assessment was the indispens-
able importance of digital solutions for many GreenTech 
technologies and the fact that there are few technologies 
that can do without digital solutions, or where digitaliza-
tion at least facilitates the implementation of GreenTech 
technologies, although it is not absolutely essential. 

“Digital 
technologies are 
a very important 
tool for the 
solution building 
blocks of 
GreenTech.”
Tobias Großmann, 
Head of City Planning Office, Backnang

Only two participants think digital technologies have little 
importance in unlocking the growth potential of GreenTech. 
Digital technologies were not considered unimportant by 
any interviewee. This corresponds to the assessment of the 
interviewees on the role of digital technologies as enablers 
and cross-sectional technology as outlined above.

In comparison to the reference model, it is clear that the 
experts surveyed confirm the importance of digital technol-
ogies shown in the model. They see digital technologies as 
enablers, cross-sectional technology, and drivers for Green-

Tech. Some experts even view digital technology as the heart 
of GreenTech. The role of digital technologies as enablers 
for process control and data analysis is confirmed by the ex-
perts. Some of the study participants go so far as to consider 
digital technologies as important in designing and deliver-
ing green products and services, right up to the creation of  
GreenTech business models.

4.3

Environmental effects 
of GreenTech

In order to analyze the environmental effects of GreenTech, 
the experts were asked to identify the effects of Green-
Tech in the following areas: substitution of fossil fuels as 
primary energy sources, protection and efficiency of re-
sources, and transformation to a circular economy. Mul-
tiple answers were possible. The distribution of the expert 
opinions among the three areas of environmental effects 
mentioned above is almost equal. In addition, the experts 
largely agree that some key challenges are (still) hampering 
the environmental effects of GreenTech.

Overall, it can be said that the respondents generally attri-
bute a high environmental potential to GreenTech tech-
nologies and identify a large number of climate-friendly 
effects. However, most experts consider it to be very dif-
ficult to quantify this environmental potential at this point 
in time. 

“...how can we leave the world dirtier than we find it
with no compelling need to do so…”
Sven Krüger, CEO & Co-Founder GREENTECH FESTIVAL

Substituting fossil fuels as primary energy sources

The majority of the study participants (just over 70 per cent) 
agree that the greatest environmental effects of Green-
Tech are seen in connection with reducing fossil fuels as 
energy sources. While initial steps in this direction have 
been taken, it is generally believed that major leaps are still 
required. The experts see a key lever for GreenTech in the 
agreed energy transition. In particular, the move to re-
newable green technologies can be seen as an accelerator 
for GreenTech. The shift away from fossil fuels as primary 
energy sources (such as oil, gas, and coal) to renewable 
energy sources (such as solar, wind, and hydro) promises 
great progress in climate protection. The main contribution 
of GreenTech technologies lies in reducing emissions of 
CO2, which is harmful to the climate. Indeed, GreenTech 
technologies are already making a significant contribution 
to the substitution of fossil fuels as primary energy sourc-
es, accounting for as much as 16 per cent of energy pro-
duction in 2021 [1]. The experts surveyed confirm that the 
use of green electricity, for example, is easy to implement 
in many sectors. Energy sources based on fossil fuels can 
already be substituted in these cases. This assessment cor-

responds to the development outlined in Chapter 2.2.1, 
whereby it was possible to generate more electricity from 
renewable energies than from fossil fuels for the first time 
in 2020. [13]. 

At present, Germany is one of the world’s largest consumers 
of energy sources based on fossil fuels. In particular, the 
three sectors of industry, building, and mobility are consid-
ered to play a central role in the generation of fossil-fuel 
energy consumption. One reason for this high energy con-
sumption is probably the volatility of the green alternatives 
(e.g. wind and solar power). These are not always available, 
meaning they do not meet an essential requirement for 
manufacturing companies. Nevertheless, the corresponding 
storage technologies can guarantee end-to-end availabil-
ity and achieve the corresponding environmental effects.

“For the 
substitution of 
fossil fuels as 
primary energy 
sources, the 
storage capacity,
will play a crucial 
role.” 
Tobias Großmann, 
Head of City Planning Office, Backnang

The experts envisage a positive effect on environmental tar-
gets primarily through progress in electrification. Particu-
larly dynamic development is seen in the production, distri-
bution, and consumption of green electricity. The experts 
predict that there will be great potential for implemen-
tation in the coming years, provided efficient power grids 
and storage technologies are available. In the mobility sec-
tor, the establishment of a widespread mobility charging 
infrastructure is considered a central prerequisite to im-
plement the intended environmental effects. The experts 
also point out that digital technologies will also be of great 
importance to electrification. These types of digital tech-
nology are needed, for example, to control green pow-
er systems in order to transfer electricity efficiently from 
the producer to the consumer. Digitalization in the form 
of smart meters can also boost the positive environmental 
effects of GreenTech in individual buildings.
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Protection and efficiency of resources

In the protection and efficiency of resources through Green-
Tech, 63 per cent of respondents see great environmental 
potential. The goal is to prevent resource consumption or 
reduce it with corresponding positive environmental effects 
in comparison to the status quo. The fundamental idea is 
that no more resources can be extracted from the environ-
ment than can be generated in the same period. It is also 
important to use renewable resources that reduce CO2 
emissions. The experts first recommend limiting resource 
consumption by eliminating unnecessary consumption. 
Green resources can then be used. In industry in particular, 
attention is increasingly being paid to the conservation of 
natural resources in the production of materials. This means 
that savings can already be achieved today, particularly in 
the case of electricity-based processes. The production pro-
cesses are tested step by step for sustainability and adapt-
ed accordingly in order to save resources during production. 
There is a general view that this results in desirable environ-
mental effects on a significant scale.

The experts see three main requirements for triggering sus-
tainable, positive environmental effects from GreenTech. 
Firstly, regulatory frameworks are needed to halt actions that 
are harmful to the climate. This regulation can create the ba-
sis for GreenTech-induced environmental effects. Secondly, 
the experts are in favor of harmonized CO2 pricing. This 
would ensure that damage is balanced out correctly and that 
the resulting costs are properly accounted for. However, this 
CO2 pricing would have to be introduced globally in order to 
create a level playing field for all market participants. Thirdly, 
the experts envisage environmental effects primarily through 
the development of GreenTech innovations. Since these 
can make a decisive contribution to reducing CO2 emissions, 
their development should be encouraged appropriately.

In this context too, the interviewees mention the great envi-
ronmental potential of GreenTech in connection with digital 
technologies. The analysis of large amounts of data promises 
to increase efficiency while conserving resources – both in 
the private sector and in industrial production. Further devel-
opments in automation, the Internet of Things, and artificial 
intelligence facilitate the monitoring and control of resource 
consumption on an unprecedented scale. Digital technolo-
gies can make a major contribution to sustainable actions, 
particularly when it comes to virtualization and data-based 
control. In this context, the topic of prediction is of great im-

63%
of respondents see great ecological 

potential through GreenTech in the areas of 
resource protection and efficiency

the system, the resources used should ultimately be rein-
troduced into the cycle after appropriate treatment. How-
ever, the experts point out that linear economic processes 
are still currently the norm and that circular systems have 
so far barely established themselves in commercial enterpris-
es. To promote these systems, it will be extremely important 
to develop appropriate business models. This is expected to 
happen in the long term and may therefore have an environ-
mental impact in the longer-term future.

“The development 
will mean that we 
will be responsible 
for recycling our 
own products.” 
Daniel Ostner, 
Head of Corporate Sustainability, DRAEXLMAIER Group

The establishment of circular systems requires regulatory 
framework conditions that enable existing products to be 
recycled. For example, regulations can be implemented stip-
ulating that companies must take products back at the end 
of their life cycle. With appropriate quotas, the legislator 
can ensure that recycling activities are initiated. Increased 
awareness on the part of the end consumer is also of 
central importance. The experts agree that only a change 
in demand from customers in this regard will generate or-
ganizational remanufacturing and refurbishment efforts in 
the long term.

“I think it is a tech topic because a lot of the changes 
we need to get to circular economy are not just about 
people recycling. For example, it is about changing the 
design of how we do things.” 
Prof. Dr. Wayne Visser, author of Thriving: The Breakthrough 
Movement to Regenerate Nature, Society and the Economy 

Challenges

The experts identify various challenges in the realization of 
environmental effects through GreenTech. These effects will 
only materialize if companies find the right incentives to de-
velop and/or use GreenTech. If GreenTech is not worthwhile 
from a business point of view, then companies will tend to turn 
to other things. In addition, the development of new business 
models requires a long-term approach and appropriate re-
sources. Political initiatives are also needed so that Green-
Tech is provided with the necessary regulatory framework. 
These initiatives should also introduce the topic of GreenTech 
to the population and raise awareness of it in the long term.

portance. Data-based forecasting enables gains in efficiency 
and a more efficient use of resources.

The environmental potential of GreenTech is viewed critically 
due to the rebound effect mentioned above. The experts 
cite the construction of solar panels and the production of 
electric cars as examples. The rebound effect can also be 
seen in the context of digital technologies. With the help 
of digital data and automation, energy can be saved in nu-
merous production processes. However, the operation of 
IT infrastructure also requires energy, which can neutralize 
the cost-saving effects. This shows that, in addition to green 
technology, there must also be a change in production and 
consumption patterns for the environmental effects to be 
realized in the long term.

“From an energy point of view, we say that flying is 
a terrible thing because you obviously need to use 
the energy to stay in the air. But if I could generate 
enough energy from renewable sources and had it at 
my disposal, I could save myself all the expense and 
infrastructure measures such as roads, parking lanes, 
etc. and could have beautiful forests everywhere and 
fly around using electricity, even if it did require more 
energy at first.” 
Sven Krüger, CEO & Co-Founder GREENTECH FESTIVAL

Circular economy

Of the three areas in which GreenTech can develop its en-
vironmental potential, the circular economy is particularly 
complex as it typically requires a complete transformation 
of the corporate value chain. Seventy per cent of experts 
indicate that there are positive environmental effects of cir-
cular systems. The circular economy is closely linked to the 
protection and efficiency of resources, especially in the case 
of manufacturing companies. If production processes are 
aligned with a cycle, this entails the reuse of materials from 
previous products in the production of new products. By re-
cycling materials, natural resources can be conserved and 
corresponding environmental effects can be achieved. How-
ever, circular economy systems are difficult to implement, es-
pecially in the case of products consisting of a large number 
of components. Logistical challenges arise that require com-
pletely new component streams. If it is possible to imple-
ment circular material cycles, immense environmental effects 
can be realized. For example, it is assumed that standard 
cars consist of 95 per cent recyclable material. This illustrates 
the potential for climate protection and the urgent need for 
companies to address its realization. 

“I don’t know of any large corporation that isn’t set-
ting up its own unit or business unit for the circular 
economy. I’m optimistic that this will happen and will 
accelerate.” 
Timon Rupp, Founder & CEO, The Drivery GmbH

Circular approaches typically follow the overarching directive 
of energy neutrality. This is based on a systemic under-
standing of economic cycles. Rather than disappearing from 

To further develop GreenTech, it should be noted that there 
is a high demand for research and development. The 
development of carbon capture technologies, for example, 
may generate environmental effects that bring the climate 
targets within achievable realms. This is closely linked to the 
funding of GreenTech companies. For GreenTech startups 
in particular, funding the high costs of research and devel-
opment presents a real challenge. Ultimately, much of the 
environmental impact depends on the behavior of peo-
ple themselves. A great danger lies in the cementing of a 
“We’ve always done it that way” mentality. The experts sur-
veyed agree that a change in human behavior is needed to 
achieve the climate targets – both on the supply side and 
the demand side. In summary, we can see that the expert 
interviews confirm the content of the reference model. 
Further developments, such as circular economy systems, 
may contribute to the conservation of resources, but these 
require a fundamental overhaul of current economic 
practices. The environmental effects interact with the eco-
nomic and social effects, which are explained below.

“In the end, we 
will not be able to 
save the world’s 
climate, weather, 
biodiversity, and 
everything with 
what we currently 
produce. But we 
can be suppliers of 
technologies that 
can do this, that can 
exist in the market. 
We’ve managed 
this with other 
technologies.”
Expert, anonymous
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4.4

Economic effects of 
GreenTech

The experts identify different economic effects associated 
with GreenTech. However, in a similar way to the environ-
mental effects, they say that these effects of GreenTech 
are extremely difficult to quantify. As with the previous 
question of the environmental effects, multiple answers 
were possible.

“GreenTech is a 
growth market, 
definitely. But one 
with a question 
mark over it.”
Timon Rupp, 
Founder & CEO, The Drivery GmbH

First and foremost among the economic effects mentioned 
by the experts are positive growth effects. These are ex-
pected by almost 50 per cent of the experts surveyed as a 
result of green technologies. This corresponds to the gen-
eral growth dynamics of the GreenTech industry, which is 
generally acknowledged to have a high growth potential. 
The experts expect dynamic growth rates in the coming 
years and predict that GreenTech’s share of Germany’s gross 
domestic product will increase in the short, medium, and 
long term. In the expert interviews, the growth opportu-
nities were compared with the potential of digital tech-
nologies over the past 25 years. Substantial returns can be 
generated in a market that has so far only been partially 
tapped. In fact, this is referred to as an empty ecosystem 
that has so far been underused and can be conquered.  
GreenTech technologies could replace established environ-
mentally harmful technologies in many places. This is why 
there are enormous market opportunities for innovations 
from the GreenTech sector. According to the experts, the 
growth of the GreenTech sector will create additional pros-
perity in Germany. GreenTech can therefore be described 
as the growth engine of the economy. 

The economic growth of the GreenTech industry is associ-
ated with a positive effect on the labor market. There-
fore, 42 per cent of the experts surveyed see an important 
socio-economic effect of GreenTech in the creation of new 
and sustainable jobs. Jobs are created in various locations 

In addition to growth effects, 22 per cent of the study partic-
ipants cited positive financial effects from GreenTech in the 
form of cost savings and reduced life cycle costs. For ex-
ample, procurement costs can be reduced by reusing recycled 
materials, using materials more efficiently, or extending their 
service life. Increased efficiency in production also leads to 
lower costs in the production process. This is particularly rel-
evant against the current background of rising resource pric-
es. However, if GreenTech initiatives become too expensive 
and lead to excessive price increases, the opposite effect 
could occur. Instead of green technologies, companies will 
then increasingly rely on non-green technologies to reduce 
costs. Through strong basic research (for example, through 
research networks such as the Fraunhofer Society or the Max 
Planck Society), Germany can achieve a leading position in 
the global market for GreenTech. The experts tend to confirm 
that it is difficult to quantify economic growth effects.

Ten per cent of experts also believe that GreenTech activi-
ties can translate into an increase in the company value. 
The background to this is that the financial sector rewards 
activities in this area due to increased sensitivity to climate 
protection aspects. Within the end customer business, too, 
a greater emphasis is placed on environmentally friendly 
production, with purchase decisions made on this basis. 
As a result, GreenTech companies tend to report higher 
sales and profit figures, which is reflected in their com-
pany value. Many study participants stress that companies 
must primarily comply with the requirement of profitabil-
ity. Accordingly, investments in GreenTech must also pay 
off for companies and contribute to a positive return on 
investment (ROI). In the absence of these financial advan-
tages, companies will see little reason to favor sustainable 
economic management. 

“In the beginning, nobody was really interested in 
green products, in sustainable products. There was no 
interest from the customer side, or in other words the 
market, or from the company’s perspective. But for 
about the last six months there has been a real run 
on it and now it’s about delivery! That’s the challenge 
of thinking long-term and investing some money and 
saying that we’re developing green products now.” 
Expert, anonymous

The experts surveyed also point out the considerable trans-
formation in the economy and society that is associated 
with GreenTech. Ten per cent of the experts are convinced 
that GreenTech will trigger major transformation processes 
in various industries. Green technologies are changing busi-
ness models and entire industries. This can be clearly seen 
in the automotive industry. The switch from combustion 
engines to electric drives involves a complete transforma-
tion of value creation for automotive companies. Instead 
of producing complicated combustion units, the task now 
is to achieve efficient storage of electrical energy as well as 
a seamless charging infrastructure. Accordingly, business 
processes have to be adapted. It is often the case that this 
does not run smoothly. Some experts even expect a trans-

in connection with GreenTech, for example at GreenTech 
providers (large, medium, and small companies, as well as 
startups), NGOs, and on the demand side (such as at man-
ufacturing companies). With regard to the question of jobs, 
the experts are sure that the number of jobs in the Green-
Tech sector will increase massively. Due to the economic 
potential, GreenTech specialists will be needed in the coming 
years and corresponding positions will be created. In addition, 
the development of the GreenTech sector may lead to jobs 
that were relocated abroad from Germany at the beginning 
of the 2000s being brought back to the country due to the 
change in the framework conditions. Meanwhile, the experts 
forecast a reduction in non-green sectors due to the declining 
demand for non-green technologies. Jobs will be moved from 
environmentally harmful sectors to green sectors. However, 
due to increased international competition within the Green-
Tech industry, there could be another reduction in jobs in the 
medium term. The overall impact of the job-related effects 
described here is currently difficult to predict. The experts are 
not sure whether these opposing employment effects will 
lead to an increase in the number of jobs.

“GreenTech has 
to be economical, 
otherwise it won’t 
work because 
our society is 
structured like 
this.” 
Christian von den Brincken, 
General Manager, Ströer Core GmbH & Co. KG

formation of the entire German economy. GreenTech can 
therefore be understood as a megatrend that, especially in 
conjunction with digitalization, has the potential to drive 
economic value creation toward sustainability. In this con-
text, the importance of the necessary structural change 
is highlighted. At the same time, this poses the risk that  
GreenTech will be researched and produced in Germany, 
but that production will then migrate to other countries in 
the medium term. This mechanism was clearly observed in 
the German solar industry, which, despite a strong start, 
fell behind the competition from other countries and ulti-
mately had to admit defeat.

“Traditional business models must be questioned or 
turned upside down and structures broken down 
in this way. This allows genuinely new markets to 
emerge, which can then bring about a much faster 
change for the better once the corresponding push 
has taken place in the population. But this is precisely 
why we need appropriate players who firstly show in 
the market that it is possible, and secondly show in 
some way that it is attractive.
Sven Krüger, CEO & Co-Founder GREENTECH FESTIVAL

In principle, the experts agree that the use of GreenTech 
technologies is rewarded by customers. This can also 
translate into competitive advantages (10 per cent of the 
experts). However, the experts also point out that the im-
plementation of GreenTech technologies can translate into 
higher costs and therefore, for example, higher product pric-
es. In turn, this would lead to a deterioration in the compet-
itive position. The challenge for companies is therefore to 
balance environmental and economic aspects in order to 
achieve stable and sustainable competitive positions. The ex-
perts believe that there is another economic advantage from 
the use of GreenTech in the fact that companies can quickly 
gain market share and secure it in the long term through 
speed in particular. This could enable the German Green-
Tech sector to become a global leader. Overall, Germany’s 
competitive position in the global market is considered to be 
solid but with potential for expansion.

Due to the environmental aspects of GreenTech outlined 
above, entire supply chains may change. For manufacturing 
companies, this could mean serving a larger share of the 
supply chain themselves in the future and cooperating with 
fewer suppliers. Resources can be reused, especially in cir-
cular economy systems, so that primary products would not 
have to be sourced externally but would be recycled from 
within the company, for example. This would enable compa-
nies to achieve greater independence from supply chains, 
leading to improved stability of corporate value creation, 
especially in times of uncertainty.

In addition to the general assessment of the economic ef-
fects, the experts were asked to rank the sectors of indus-
try, transport, buildings, energy, agriculture, and waste 
management according to the dimensions of economic 
growth effects through GreenTech and practical imple-
mentation potential by 2030. Growth effects are those that 

42%
of the experts surveyed see an 

important socio-economic effect of 
GreenTech in the creation of new and 

sustainable jobs.
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theoretically lead to positive or negative economic growth in 
a sector. The implementation potential, on the other hand, 
is intended to determine the extent to which the poten-
tial of GreenTech can be exploited on the basis of existing 
framework conditions in a sector such as legal requirements, 
mindsets, or active interest groups. The experts were asked 
to provide an assessment for the period up to 2030. These 
two dimensions were combined to produce a 9-field matrix 
in which the aforementioned sectors were ranked by the re-
spondents. 

         Industrial sector

The growth potential of GreenTech in the industrial 
sector is considered to be above average by more than 
50 per cent of the respondents. Another 45 per cent see 
moderate industry growth through GreenTech. The clear 
majority of the respondents are also optimistic about the 
realization of these potential growth effects and consider 
the implementation potential to be high or moderate. 
A third of the study participants choose a combination of 
above-average growth potential with high implementation 
potential. This puts the industrial sector’s potential second 
highest behind the energy sector (see below). The reasons 

for the high growth potential are primarily the technological 
developments in the industrial sector and their potential. The 
experts surveyed also regard the development of new prod-
ucts and services through digital innovations and Germany’s 
position in this sector as largely positive. In the industrial sec-
tor, very high implementation pressure is also seen due 
to the requirements for reducing CO2 emissions. However, 
the relatively short observation period is regarded critically, 
since successful action within the eight years remaining until 
2030 is considered difficult in German industry, which is typ-
ically very investment-intensive. It is also emphasized that 
the growth potential can only be exploited by companies 
that have the necessary financial means and resources 
to deal with issues such as GreenTech and sustainability. This 
is assessed critically for small and medium-sized companies 
in particular, and the need for a stronger incentive policy or 
state support is highlighted. 

Only 2 per cent of respondents rated the growth potential 
in the industrial sector as negative. The main justification for 
this is that the industry is facing the major challenge of re-
ducing CO2 emissions and GreenTech is therefore leading 
to a substitution of existing technologies and processes, 
but this will not generate any additional industry growth, at 
least in the period up to 2030.

Assessment of growth and implementation potential
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Figure 12: Assessment of growth and implementation potential in the industrial sector (n = 37)

         Transport sector
 
What is striking here is the perfectly even distribution of 
expert assessments of 22 per cent each across the four 
combinations of moderate/above-average growth potential 
and moderate/high implementation potential. This suggests 
that the experts surveyed have different assessments of the 
impact of current developments and technological innova-
tions in this sector up to 2030. For example, according to the 
experts, the moderate growth effects are explained by the 
fact that in the transport sector, GreenTech innovations such 
as electromobility are primarily replacing existing products. 
Innovative services will also increase sharing offers. In ad-
dition, the mindset of the younger generation contributes 
to the fact that fewer people are buying their own car. This 
contrasts with the opinion of other experts, who – precisely 
because of the development of low-noise, more environ-
mentally friendly electric cars – predict an increase in car 
purchases in urban areas and among the younger gener-
ation, and therefore see the possibility for industry growth. 
Some experts also see the increase in mobility due to the 
possibilities of e-mobility such as e-bikes and e-scooters as 

an opportunity for a growth market. In a similar way to the 
industrial sector, the transport sector is believed to be un-
der high pressure to act, even though some experts think 
that the established German automotive industry is some-
times still too hesitant to make the big technological leap. 
They feel that it should push ahead more intensively with 
in-house developments and is dependent on strategically 
important cooperation. The availability of sufficient green 
electricity and the expansion of the infrastructure for 
implementing electromobility are also viewed critically.

“Anyone can build electric cars now, but what’s really 
important here is the issue of infrastructure and ener-
gy supply. And that can’t be done without the state.”
Timon Rupp, CEO & Founder, The Drivery GmbH

Only 7 per cent of respondents are critical of the sector’s 
development. They expect negative growth effects with 
low implementation potential. 

Assessment of growth and implementation potential
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Figure 13: Assessment of growth and implementation potential in the transport sector (n=37)
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         Building sector

Well over half of the respondents (60 per cent) rated the 
potential industry growth through GreenTech in the 
building sector as moderate (37 per cent) or above 
average (23 per cent), with moderate implementation 
potential. The experts surveyed see potential for industry 
growth through GreenTech primarily due to the fact that 
the construction sector is very CO2-intensive and the 
building sector, as the largest energy consumer, needs to 
become more energy efficient. Strong investments, exist-
ing technological innovations, especially for increasing 
energy efficiency, together with the current high demand 
for PV systems, the shortage of housing in large cities, 
and the backlog of renovations therefore suggest posi-
tive growth prospects. 

It is striking that only 20 per cent of the respondents see 
high implementation potential in the building sector. Ac-
cording to the experts surveyed, the reasons for the rather 
cautious assessment of the implementation potential is the 
shortage of skilled workers, the lack of willingness 
to invest in existing properties, low cost-effectiveness, 

or difficulty implementing GreenTech measures such as 
building insulation in industrial areas or heat pumps in old 
buildings. This is combined with the general inertia in the 
sector, caused by a very long product life cycle, which af-
fects not only the building itself, but also the energy used 
in the building. The experts are also critical of the erratic 
policies in this sector, combined with too little funding 
to cover the enormous costs involved in complying with the 
energy and construction regulations.

Only 9 per cent of the respondents see a combination of 
above-average growth and high implementation potential 
in the building sector.

Some of the respondents therefore cite drastic cuts and 
clear legal requirements as indispensable to bringing about 
the major transition in the building/construction sector. It 
is also necessary to rethink the size of housing in order to 
meet future needs for living space.
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Figure 14: Assessment of growth and implementation potential in the building sector (n = 35)

37%
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23%

“Continuity, 
predictability, and 
adequate funding are 
the key political courses 
of action that must 
be taken in the real 
estate industry in order 
to seriously advance 
climate protection in 
the building sector.” 
Stefan Hinz, Sustainability Team Leader, ECE Group Services GmbH & Co. KG 
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       Energy sector
 
Almost half of the respondents (46 per cent) believe 
there is potential for above-average industry growth 
in combination with high implementation potential 
in the energy sector. This puts the energy sector at the top 
of the sectors analyzed in this study. The reason for this 
positive assessment of future industry growth through Gre-
enTech is primarily the clear political orientation in the 
energy transition to achieve climate neutrality. Examples 
given include the expansion of wind, hydro, and solar en-
ergy, as well as electrification in other sectors such as heat 
pumps in the building sector or electromobility in the trans-
port sector. The growth of the energy sector is therefore 
largely dependent on the implementation of the energy 
transition in the other sectors. 

The realization of the growth potential is also viewed 
positively by most of the respondents. For example, almost 
three-quarters of all respondents rate the implementation 
potential of above-average growth as moderate (23 per 
cent) or high (46 per cent). In the opinion of the respon-
dents, the reasons for this lie in the clear political roadmap, 
a now broad social consensus on achieving climate neutral-
ity, and the presence of green technologies.

In this context, Germany’s position is viewed in two very 
different ways. Some experts think that Germany will 
adopt a leading international role in the field of renewable  

         Agriculture 
 
The agricultural sector is viewed very differently by the re-
spondents. What is striking, however, is that the growth 
potential through GreenTech is judged to be signifi-
cantly worse than in the other sectors. With moderate 
implementation potential, only 6 per cent of the experts 
see above-average growth, while 28 per cent see moderate 
growth and as many as 18 per cent actually see negative 
growth potential. The implementation potential is also rat-
ed as low by more than 20 per cent of the respondents and 
is therefore viewed critically. 

The experts’ main justifications for the negative growth 
forecasts are the effects of organic farming and sustainable 
livestock farming, as both lead to a lower yield per hectare 
or per animal and a lower land consumption.

energies in the future and praise the existing technological 
innovations. Others complain that Germany is not fully ex-
ploiting its potential. 

“I think the sustainable energy economy is a huge 
driver of growth and Germany should definitely be 
leading the way.”
Kevin Bär, Senior Manager Sales and Growth Global, E.ON

Only 6 per cent of the study participants are critical of the 
implementation of the growth potential and therefore rate 
the implementation potential low. The reasons given 
are a monopolistic market with little innovation and com-
petition, as well as the challenge of security of supply, 
which is intensifying against the backdrop of the war in 
Ukraine. In addition, long planning and approval peri-
ods, a long product life cycle in the area of energy sourc-
es (e.g. gas turbines, wind turbines), and long system run 
times hinder rapid implementation. Some respondents also 
believe there is a need to catch up when it comes to smart 
grids. 

“The potential for the energy sector is of course huge 
if we assume the ideal image of the fully digitalized 
energy system.”
Sebastian Schule, Energy Officer, Bitkom e. V.

Respondents see the conservative attitude of the agricul-
tural industry, long investment cycles, and the reluctance 
of political players to exert pressure in this sector as difficult 
framework conditions for the implementation of possible 
growth potential. Some interviewees believe that the desire 
for change comes from the stakeholders rather than the 
farmers themselves. 

Even supporters of positive growth potential generally take 
a critical view when asked whether implementation can be 
expected soon. This is due to political mechanisms and 
regulations in this sector. Positive growth effects are ex-
pected from agricultural concepts such as vertical farming 
and increasing automation. 
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Figure 15: Assessment of growth and implementation potential in the energy sector (n=35)

Figure 16: Assessment of growth and implementation potential in the agricultural sector (n=34)
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“I think the 
sustainable energy 
economy is a huge 
driver of growth
and Germany 
should definitely 
be leading the way.”
Kevin Bär, 
Senior Manager Sales and Growth Global, E.ON
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       Waste management
 
About half of all experts attest to above-average growth 
potential for waste management. A further 44 per cent 
forecast moderate growth in the sector. According to the 
experts, the high growth potential results from innovative 
GreenTech technologies such as the application of artificial 
intelligence in waste sorting or the introduction of product 
passports that can be used in recycling and waste logis-
tics. Efforts to create a circular economy are bringing the 
waste industry into focus and may generate growth poten-
tial. At the same time, it is a conservative sector that has so 
far been characterized by small and medium-sized compa-
nies with numerous public operators and a generally rather 
low willingness to invest. This makes it difficult to imple-
ment technological innovations. Most of the respondents 
believe that valuable and innovative concepts undoubtedly 
exist, some of which have already been in place for years, 
but they are not being consistently implemented. Successful 
recycling efforts also lead to a reduction in waste genera-
tion in the medium to long term, and therefore to lower or 
even negative industry growth. 

Comparison to the reference model

Overall, the experts confirm the micro and macro-economic 
growth potential of GreenTech as shown in the reference 
model. There is a broad consensus on the economic ef-
fects of GreenTech. According to the experts surveyed, dy-
namic growth in the GreenTech industry can be expected 
in the coming years. This will lead to the creation of new 
jobs or a relocation of jobs to the GreenTech industry. In 
addition, GreenTech innovations are likely to make compa-
nies less dependent on suppliers while business models 
will tend to become more robust. As described in the ref-
erence model, these economic effects of GreenTech inter-
act with environmental and social effects.
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Figure 17: Assessment of growth and implementation potential in the waste sector (n=34)
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4.5

Social effects of 
GreenTech

As well as the dimensions of economy and ecology, the 
experts were asked about the social impact of GreenTech. 
Multiple answers were possible in this case. In a similar way 
to the environmental impact, the experts found it difficult 
to quantify social effects. These effects are often interre-
lated and are primarily a result of the economic and envi-
ronmental effects. The dimensions for which social effects 
were identified by the experts are specified below.

As described in Chapter 4.4 above, the creation of new 
and sustainable jobs is cited as the most important so-
cio-economic effect of GreenTech (42 per cent of experts). 
Startups in the GreenTech sector are attributed a significant 
role when it comes to the positive social effects of Gre-
enTech since they provide stable, secure jobs with a long 
time horizon due to their business models. This effect of 
startups should be encouraged in the long term in order 
to create opportunities for new jobs based on GreenTech 
business models. In Germany in particular, there is great 
potential for jobs created by GreenTech to be taken on by 
employees whose jobs no longer exist (e.g. in the field of 
fossil fuels).

Some 20 per cent of the experts surveyed see great po-
tential for assuming social responsibility through Green-
Tech. Examples were given in which digital solutions enable 
companies to track their supply chains not only in terms of 
their carbon footprint, but also in terms of their social foot-
print. Even if the substitution of fossil primary energy sourc-
es with GreenTech is achieved, raw materials will still be 
needed (e.g. for batteries). These are often obtained from 
socially disadvantaged regions. Companies that source 
these raw materials can use GreenTech to create decent 
working conditions in these regions and combat exploita-
tion and child labor. In this context, companies must take 
responsibility for ensuring compliance with human rights 
and environmental standards throughout the supply chain. 
The experts see this as a key role in the use of GreenTech. 
The increasing transparency for consumers also leads to an 
increased awareness of environmental friendliness 
and social justice in the purchase decision. 

However, the expert interviews show that regional differ-
ences influence the social impact of GreenTech (mentioned 
by 10 per cent of experts). For example, there are strong re-
gional differences in the distribution of GreenTech, which 
can lead to social disparities. For this reason, a homoge-
neous distribution should be sought. For example, e-mo-
bility and the substitution of fossil fuels are seen in parts of 
society as a threat to existing jobs. This can be averted by a 
regional homogenization of GreenTech jobs. However, it is 
not only the labor market that is affected by regional differ-
ences. The varying distribution of GreenTech across regions 
is also caused by different perceptions of the social strata 

in the regions. For example, subsidies for electric cars are 
much better received in economically strong regions than in 
disadvantaged regions. The same applies to the distribution 
of green food trends. An important task for policy makers 
in the coming years will therefore be to involve all sections 
of society and regions in the implementation of GreenTech 
initiatives. The study participants also emphasize the differ-
ent environmental impact across regions, with GreenTech 
able to improve people’s quality of life, particularly in re-
gions with strong environmental influences.

“GreenTech, in the 
narrower sense, is 
not directly aimed 
at improving 
social or societal 
circumstances – 
that’s more of an 
indirect effect.”
Dr. Holger Berg,
Vice Director Division Circular Economy / Co-Head Research 
Unit Digital Transformation at the Wuppertal Institute for 
Climate, Environment and Energy

Regional differences are more or less intertwined with so-
cial differences in society (15 per cent of experts). For 
example, when setting mineral oil taxes, CO2 levies, etc., 
it must be taken into account that socially disadvantaged 
people can be particularly hard hit. Consideration should 
also be given to the increase in costs due to the pressure 
to make a rapid environmental changeover. However, the 
experts see GreenTech as a way to minimize such follow-up 
costs and to enable fairness and social cohesion, provided  
GreenTech is affordable and accessible to all. It is also 
stressed that green technology can benefit socially disad-
vantaged regions, provided that this is not just large-scale 
technology and there are many solutions for low-cost, 
modular energy systems, water treatment, etc. that can be 
built in the regions. Above all, the quality of life of people 
living in regions with strong environmental influences can 
be improved by GreenTech. The open-source approach to 
GreenTech solutions is also emphasized. The experts are 
largely in agreement that all levels of society should bene-
fit from the positive effects, as cities, for example, can be 
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“I see a huge opportunity for 
Germany as a pioneer in the 
European context, if we manage 
to accomplish this quantum leap 
of ecological turnaround. This 
is also an opportunity for the 
continuation of traditional family 
businesses, especially because 
they see the nature of long-term 
& sustainable value creation 
differently. And this also has social 
effects. If we use these values 
together, if we find them together, 
then we can achieve social peace.”
Harald Neidhardt, 
CEO & Curator at Futur/io Institute 

made more resource and climate-efficient, benefiting ev-
eryone who lives in them.

In the opinion of some experts, the social effects of a clean 
environment or a low level of pollution can be just as pos-
itive as those of job creation, since an increase in health 
has a positive effect on the social fabric of a society (12 per 
cent of experts).

In addition, some interviewees emphasize the social effects 
of digital technologies. Particularly during the COVID-19 
pandemic, these ensured the maintenance of social rela-
tionships.

The experts also see strong generational differences 
when it comes to the issue of GreenTech. While older gen-
erations are still skeptical about electric cars and stick to 
their large combustion engines, younger generations have 
a very different attitude toward the use of mobility. This 
observation is not only made in relation to mobility, but 
also in relation to everyday activities such as shopping or 
eating out. In these areas, too, the younger generation is 
more likely to focus on “trendy” green food products. 

Overall, there is a strong correlation between the expert 
opinions and the social dimension of the reference mod-
el described in Chapter 2.3.3, e.g. healthy living spaces, 
impact on jobs, and social justice, but also environmental 
awareness in society and the sustainability of our living en-
vironment.
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1 3 52 4 6

4.6 

Evaluation of the political 
agenda of the new Federal 
Government

Using a standardized scale from 1 (= not at all) to 6 (= 
completely), the experts were asked to express the extent 
to which they agree with the targets and measures of the 
Federal Government in relation to the promotion of Green-
Tech. This question was divided into six sub-questions:

   The targets and measures are appropriate for suffi-
ciently promoting GreenTech.

   The targets and measures are sufficiently designed 
with regard to the substitution of fossil fuels as  
primary energy sources. 

   The targets and measures are sufficiently designed 
with regard to the protection and efficiency of  
resources. 

   The targets and measures are sufficiently designed with 
regard to the transformation to a circular economy.

   The targets and measures are sufficient to successfully 
establish Germany as an export nation among the 
international competition.

   Up to now, digital technologies have been sufficiently 
addressed as GreenTech or drivers for GreenTech. 

This question was answered by 36 interviewees. The tar-
gets and measures of the Federal Government to promote  
GreenTech received the greatest level of agreement. Around 
60 per cent of the respondents gave this a 4 or 5 and 
therefore consider the targets and measures of the Feder-
al Government to be fundamentally suitable for promoting 
GreenTech. However, at the same time it is noted that the 
implementation of specific measures is still outstand-
ing or has potential for expansion. Almost 40 per cent 
of the participants expressed this by giving a 2 or a 3. The 
majority of the interviewees consider the targets of the new 
Federal Government to be perfectly appropriate, though 
they believe that specific measures for implementation are 
often still lacking. For this reason, there was no complete 
agreement for this sub-question. 

Only 9 per cent of the respondents indicated complete 
agreement (a 6 on the scale) in response to the sub-ques-
tion of whether digital technologies as drivers of Green-
Tech are adequately addressed by the Federal Government. 
In particular, specific measures of the Federal Government 
to promote digitalization activities and the expansion of the 
digital infrastructure contribute to this positive assessment. 
At the same time, over 40 per cent of the experts indi-
cated little or no agreement with this sub-question by se-
lecting a 1 or a 2 on the scale. This makes it clear that much 
stronger signals for the promotion of GreenTech at federal 
level are desirable and, in the opinion of the respondents, 
necessary.

The experts surveyed assess the targets and measures to 
promote the substitution of fossil fuels as primary en-
ergy sources in a similar way to the targets and measures 
to promote the protection and efficiency of resourc-
es. Some 36 per cent and 29 per cent respectively agree 
that the targets and measures in these areas are suitable. 
However, the majority of respondents still consider the tar-
gets and measures to be far from sufficient and therefore 
awarded a 1, 2, or 3 on the scale. This rating was given by 
64 per cent of the respondents in the assessment of the 
substitution of fossil fuels as primary energy sources, and 
as many as 71 per cent of the respondents in the assess-
ment of the targets and measures for the protection and 
efficiency of resources. Overall, the targets and measures 
of the Federal Government for the substitution of fossil 
fuels as primary energy sources therefore performed bet-
ter than the targets and measures for the protection and 
efficiency of resources. Some respondents again differenti-
ate between targets and measures in their assessment. The 
targets set out in the coalition agreement are viewed very 
positively, but specific measures are hard to identify. 

Currently, the government’s efforts to promote the transi-
tion to a circular economy seem to be the least noticed. 
As many as 86 per cent of the experts believe that the tar-
gets and measures are either weak or lacking in this area 
and therefore chose a 1, 2, or 3 on the scale. Only 14 per 
cent identify targets and measures and selected a 4 or a 5. 
There was no complete agreement in this case either. Par-
ticularly in comparison with other countries such as Great 
Britain or France, which have already started introducing 
regulations on the circular economy, Germany scores poor-
ly in the opinion of the interviewees.

However, targets and measures to position Germany as 
an export nation are clearly discernible from the point of 
view of the experts surveyed. Almost half (44 per cent) of 
the respondents could identify the targets and measures, 
although the targets were more present than the measures. 
Complete agreement in the form of a 6 was not given.

4.7

Evaluation of the 
application of GreenTech 
by companies 

In addition, the experts surveyed were asked to assess  
the extent to which they agree with the targets and mea-
sures adopted by companies in general to promote Green-
Tech, using the standardized scale from 1 (= not at all) to 6 
(= completely) mentioned in Chapter 4.6. Again, the ques-
tion is divided into the six sub-questions shown in Chapter  
4.6. This question was answered by 35 interviewees.

What do you think of the targets 
and measures set out by the German 
Federal Government?

8% 8%25% 31% 28%

The targets and measures promote the substitution of primary energy 

22% 17% 42% 19%

The targets and measures promote GreenTech

6% 26% 40% 23% 6%

The targets and measures promote the conservation and efficiency of resources

11% 37% 37% 9% 6%

The targets and measures promote the transformation to a circular economy

22% 31%3% 22% 22%

The targets and measures promote Germany’s position as an export nation

37% 31% 11% 6% 9%6%

Digital technologies are considered as drivers of GreenTech

= not true at all

= completely true

Figure 18: Respondents’ assessment of the targets and measures of the Federal Government (n=36)
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Figure 19: Respondents’ assessment of the targets and measures of companies (n=35)

The targets and measures promote the substitution of primary energy sources

The targets and measures promote GreenTech

The targets and measures promote the conservation and efficiency of resources

The targets and measures promote the transformation to a circular economy

The targets and measures promote Germany’s position as an export nation

Digital technologies are considered as drivers of GreenTech

1 3 52 4 6

= not true at all

= completely true

GreenTech in companies today is mostly greenwash-
ing. Name me a brand whose sustainability campaign 
has really caught on. Where you can say: ‘Yes, that’s 
it.’ I can’t think of any!”
Christian von den Brincken, 
General Manager, Sröer Core GmbH & Co. KG

Compared to the assessment of the targets and measures of 
the Federal Government explained in Chapter 4.6, the tar-
gets and measures of companies are rated by the experts as 
equally good or better in almost all sub-questions. Only 
the promotion of GreenTech by the companies is rated 
slightly worse by the experts. Almost 50 per cent expressed 
their agreement in the form of a 4 or a 5 on the scale, com-
pared with around 60 per cent when assessing the targets 
and measures of the Federal Government. With 12 per cent 
agreement, the experts also rated the efforts of the compa-
nies to move toward a circular economy as slightly worse than 
those of the Federal Government (14 per cent agreement). 
Complete agreement in the form of a 6 was not given. This 
cautious assessment was due to the fact that, above all, the 
small and medium-sized enterprises traditionally anchored 
in Germany are still doing too little in this area. By contrast, 
larger companies were confirmed by the experts as having 
already taken effective measures. In some cases, however, the 
measures taken by large companies in particular are seen as 
controversial. 

With more than 43 per cent agreement in the form of a 4, 
5, or even a 6, the efforts of companies to replace fossil fu-
els as primary energy sources are rated much better than 
those of the Federal Government. In the area of resource 
protection and resource efficiency, targets and measures 
are also rated better than those of the Federal Government. 
Nevertheless, 14 per cent of the respondents expressed their 
strong or complete agreement in the form of a 5 or 6. How-
ever, a clear majority of the experts surveyed (66 per cent) can 
identify no or only a few targets and measures and rated this 
as a 1, 2, or 3 on the scale. 

In terms of the transformation to a circular economy, the 
experts see as much demand on the part of the companies 
as on the part of the Federal Government. For example, 86 
per cent expressed a critical view of the activities of companies 
in this area by awarding a 1, 2, or 3. However, at 6 per cent, 
the proportion of respondents who did not agree at all and 
therefore gave a score of 1, is only about half as large as for 
the assessment of the targets and measures of the Federal 
Government. Some interviewees made a strong differentia-
tion in their assessment depending on the sector. For exam-
ple, efforts in high-production industry or trade are viewed 
very positively. 

The positioning of Germany as an export nation by com-
panies is rated very similar to the efforts of the Federal Gov-
ernment in this area. Almost half of the respondents (44 per 
cent) see that targets and measures are being put in place to 
strengthen Germany internationally in the area of GreenTech. 
Here too, trade was once again cited by some respondents as 

a positive example. In the German automotive industry, on 
the other hand, some respondents instead see a need to catch 
up.

The use of and focus on digital technologies as drivers 
of GreenTech are rated best on the company side by the 
experts surveyed. A whole 12 per cent were able to express 
their complete agreement in the form of a 6. A further 33 per 
cent also agreed by awarding a score of 4 or a 5. This means 
that companies are performing significantly better than the 
Federal Government on this issue. The reason given for this 
positive assessment was often that the majority of companies 
had now recognized the importance of digitalization and had, 
for example, created their own digital units working closely 
with the executive board. This was seen as an important step 
in embedding digitalization throughout the company and as 
a prerequisite for introducing specific measures. 

In addition to the assessment of the targets and measures of 
companies in general, as analyzed above, the experts were 
asked to make an assessment of their own company in rela-
tion to the sub-questions listed if possible. Due to the position 
or corporate structure of the respondents, only 19 of the in-
terviewees were able to provide this assessment. 

What is striking is that the assessment of the targets and 
measures of the respondents’ own company is signifi-
cantly better than that of the Federal Government or of 
companies in general, across all sub-questions. For instance, 
targets and measures to promote GreenTech are considered 
appropriate by over 80 per cent of respondents, while 16 per 
cent even showed complete agreement by awarding a score 
of 6. In the assessment of companies in general, this figure 
was just under 50 per cent, although none of the interview-
ees expressed complete agreement. This positive assessment 
can be explained across all sub-questions by the composition 
of the sample. The assessment of their own company was 
mainly made by experts who either work in a company in 
the GreenTech industry or are explicitly tasked with promoting 
sustainability or similar issues in a large industrial company 
and therefore represent companies that are, for example, al-
ready independently certified in the field of climate neutrality 
and in whose value system and mindset the topics of Green-
Tech, climate protection, and sustainability are already firmly 
embedded. At the same time, some interviewees emphasized 
that although great efforts are being made within their own 
company, corporate groups in particular must choose an ap-
propriate speed of implementation due to their size.

Respondents see the greatest need for clear targets and  
measures of their own company in the area of transforma-
tion to a circular economy (50 per cent), substitution of 
fossil fuels as primary energy sources (26 per cent), and the 
focus on digital technologies as drivers of GreenTech (24 per 
cent). The following figure shows the assessments of the six 
sub-questions presented in Chapter 4.6 and 4.7 in a compar-
ison of the Federal Government, companies in general, and 
the respondents’ own companies. 

What do you think of the targets and 
measures set out by companies?

6% 20% 40% 20% 11% 3%

6% 54% 26% 9% 3%
3%

6% 18% 32% 32% 12%

6% 12% 36% 21% 12% 12%

6% 11% 40% 31% 9% 3%

3% 14% 34% 40% 9%
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Figure 20: Respondents’ assessment of the targets and measures of their own organization (n=19)

1 3 52 4 6

= not true at all

= completely true

The targets and measures promote the substitution of primary energy sources

The targets and measures promote GreenTech

The targets and measures promote the conservation and efficiency of resources

The targets and measures promote the transformation to a circular economy

The targets and measures promote Germany’s position as an export nation

Digital technologies are considered as drivers of GreenTech

What do you think of the targets and 
measures set out by your own organization?

50%
5%

5%

11%

13%

6% 12% 6% 24% 18% 35%

6% 38% 31% 13%

22% 17% 28% 11% 11%

22% 39% 33% 6%

21% 21% 42% 11%

11% 32% 37% 16%

of the interviewed experts see the greatest 
need for clear goals and measures on the 
part of their own company in the area of 

transformation to a circular economy.
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4.8

Key success factors 
Finally, the experts were asked about the most important 
success factors needed to promote GreenTech by 2030. 
Most experts identified key success factors, particularly in 
the areas of finance and funding, policy frameworks, and 
research and development. 

The majority of the respondents see the financing and 
funding of GreenTech as a central design element. The 
funding sources therefore play an important role in ad-
vancing GreenTech innovations in Germany as a business 
location. The chosen technology does not matter; the ex-
perts stress the need to remain open to technology in order 
to generate improvements. In the opinion of the experts, 
the importance of the funding requirements now seems 
to have been recognized by the Federal Government. The 
complexity of the funding landscape, with numerous fund-
ing programs and structures, as well as lengthy and diffi-
cult application processes, is viewed critically. The latter is 
particularly important for start-ups, because with lengthy 
application procedures in which the answer is only avail-
able after six months, agile companies that find their busi-
ness model dynamically often fall by the wayside. There-
fore, state support should not slow things down, but speed 
things up. In addition to these policies, some respondents 
highlighted the importance of the private sector. They ar-
gue for greater investment by the private sector. 

“From an invest-
ment perspective, 
this topic of ‘ESG’ 
is getting bigger 
and bigger, 
definitely.” 
Dr. Jan-Claudio Muñoz, 
partner at Alter Equity

Even if the success factors in the area of finance and fund-
ing are closely linked to the policy framework, the measures 
of the policy framework are mentioned separately by the 
experts and rank second among the most frequent success 
factors. The experts hope that policies will include reliable 
and ambitious goals and framework conditions. The focus 
is on predictability through a long-term, stable, and calcu-

nism or similar initiatives can help. A market, even if it is po-
litically created and regulated, ultimately provides the frame-
work within which companies can operate. The third most 
common success factor among the experts is the field of 
research and teaching. Applied research in particular will 
be placed at the forefront of promotion and intensification. 
The aim is to invest in smart minds with appropriate fur-
ther training measures, but also to set up and promote more 
study courses dealing with the topic of GreenTech. In this 
way, the experts hope to see a greater transfer of research 
achievements into the economy. In addition, the experts sur-
veyed see companies as having an important role to play 
because they can contribute to innovation in the long term 
by developing the skills of their employees. Although this 
is primarily associated with expense, the experts see a high 
return on investment in the successful further training of 
their own employees. Companies have a major task because 
the experts consider the promotion of technical training to 
be the most important aspect. They point out that technical 
training is increasingly taking a back seat among young peo-
ple and that companies will soon have glaring knowledge, 
staff, and skills gaps. If it is not possible to inspire people 
back into technical professions, then they see Germany as an 
export nation being increasingly sidelined. Without innova-
tive implementation skills in the country, technology will be 
bought and used instead of being developed and exported. 
Germany needs to invest more in research and teaching in 
the technical field in order to remain competitive.

The fact that GreenTech has a social component has been 
examined several times in various areas of the study. There 
are also success factors that affect the social level. Green-
Tech needs to find acceptance within society. This requires 
a shift in mindset in the population. This change in atti-
tude can be achieved by emotionalizing the products and 
through proper communication. 

“GreenTech needs 
to generate value 
and prosperity,
otherwise we’ll 
have an acceptance 
problem.”
Conrad Hammer, 
Head of the Federal-State-Municipal Coordination team,
National Center for Charging Infrastructure at NOW GmbH

This requires social rethinking. The experts believe the top-
ic is evolving into a lifestyle that should establish itself far  

lated political strategy. The reduction of red tape is also 
mentioned as a success factor. As in the field of funding and 
financing, the experts call for faster decisions. The stream-
lining of decision-making processes is therefore mentioned 
across all sectors, for the creation of new companies, for the 
possibility of new business models, as well as for the oper-
ation of renewable energies, and for the area of software/
resource efficiency. There are also calls for better access to 
projects in the GreenTech sector, where there is still far too 
much nationalization and standardization. Startups in par-
ticular often do not get off the ground, even if they have 
good ideas. That is why it needs to become easier in future 
to incorporate good ideas from the startup environment into 
public projects.

“We need to simplify investment and approval process-
es. It’s unacceptable that we in Germany have three or 
four-year approval processes for green technologies. 
We have to move much faster than that.”
Kevin Bär, Senior Manager Sales and Growth Global, E.ON

“We have to get the best founders to come to Germany 
or we need to make better use of existing potential here.”
Dr. Jan-Claudio Muñoz, partner at Alter Equity

In addition, the experts attach great importance to the major 
goals that are necessary to drive innovation. The European 
Green Deal is cited as a good example that helps to achieve 
a common goal. This is also important to achieve long-term 
goals. Private and industrial investment decisions in particular 
need a clearly defined environment and thus a clearly de-
fined strategy. This is not only due to political factors and 
the Federal Government, but also to individual companies 
that want to position themselves in the field of GreenTech.

However, without the right partners on board, it is difficult 
to achieve major goals. The experts rely on players net-
working with one another as it is no longer enough to 
simply be inventive. A common understanding and interna-
tional partners are needed to enable Germany to compete 
in the international market. Internationally functioning value 
chains and models have long been indispensable for success.

In order to combat pollution and the wasteful use of re-
sources, the experts see a need to control and put a 
price on resource consumption. CO2 pricing with reliable 
growth rates is seen as a suitable instrument for this. The 
carbon footprint of products and companies should also be 
included in company reporting alongside all of the financial 
factors, as the environmental impact is just as important as 
the generated turnover. 

For the sustainable success of GreenTech, the experts see the 
market-based incentive as a further success factor, since 
the products should be able to compete on the market with 
little or no state subsidies. After all, even the best product or 
technology is not a product if it is not purchased. In order to 
be successful worldwide, German companies must be com-
mercially and technically competitive. Political framework 
conditions such as the Carbon Border Adjustment Mecha-

beyond a social bubble. They think the responsibility lies 
equally with politicians and companies. Politicians must en-
sure that they do not ignore the majority and that the top-
ic of sustainability also reaches citizens who have not yet 
thought about it. The experts note that communication of 
the topic often takes place in an isolated bubble and does 
not reach the majority of citizens. Companies should not 
only present GreenTech on marketing slides, but also make 
the developed and implemented environmental solutions 
and systems tangible to people in order to embed the topic 
of GreenTech in their minds.

The experts also appreciate the importance of technology 
openness to the success of GreenTech by 2030. It is im-
portant not to always give priority to one technology, other-
wise other technologies will fall by the wayside. It would be 
conceivable to put out funding applications with the aim of 
inviting tenders and not with specifications on how exactly 
something should be implemented.

The creation of a circular economy is seen as an import-
ant lever, so all industrial sectors should focus on the circular 
economy. A particular focus is placed on the more efficient 
separating and sorting of used materials. Even though the 
experts are already seeing measures in this area, more are 
expected by 2030. Realization of the energy and transport 
transition is given as another success factor. With the ener-
gy transition in particular, the experts see cities and munici-
palities as role models to motivate private households. More 
entrepreneurial spirit, more courage, and more willing-
ness to implement are required of companies. Companies 
need to find the right time to take the right action and sim-
ply have the courage to take a trial-and-error approach.

Finally, scalable, sustainable digitalization is seen as a 
further success factor for GreenTech. The topic of digitali-
zation should definitely be strongly promoted, as it is simply 
a prerequisite for raising the potential in all areas. This in-
cludes the aforementioned personnel development because 
a technology that hardly anyone can use is not sustainable. 
The use of data is also attributed a key role. Data is often 
used only for individual areas, although sharing data could 
also improve many other processes. Ultimately, the experts 
see an integrated economic, environmental, and social 
approach as a relevant success factor in a balanced and 
joint view.

“We may also need to agree a little more on common-
alities and jointly address such issues internationally. 
Because Germany is too small as a competitive inter-
national market, and if we want to be able to compete 
on an international stage then this requires setting up 
internationally functioning value-added models based 
on the existing advanced technology and then being 
able to stay the course through market power. This 
may also define a new quality of cooperation, perhaps 
also national pride, and European pride, but I think 
this mentality of ‘I’m the most inventive, and that’s 
why it will work’ is no longer enough.”
Sven Krüger, CEO & Co-Founder, GREENTECH FESTIVAL
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“We need to 
emotionalize GreenTech 
as an experience, arouse 
interest in it, and spread 
the idea of community. 
Then people will queue 
like with Apple.”
Frank M. Rinderknecht, founder and CEO of Rinspeed AG
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GreenTech – 
Made in 
Germany
Recommendations for action

5.1 Technology as a key factor in tackling the climate crisis (RFA 1)

5.2  Digital transparency as a basic requirement of the circular  

economy (RFA 2)

5.3 Vision and master plan for sustainable implementation (RFA 3)

5.4 Interaction of the three sustainability dimensions (RFA 4)

5.5 Increase in implementation momentum (RFA 5)

5.6 Focus on digital business models (RFA 6)

5.7 Technology alone is not enough (RFA 7)

5.8 Simple financing models for startups and SMEs (RFA 8)

5.9 Review and adjustment of regulatory framework conditions (RFA 9)

5.10 Specific measurement of sustainability effects (RFA 10)
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Figure 22: Assignment of recommendations for action to the reference model 

Further efforts from the world of politics and business are 
required to continue the “GreenTech – Made in Germany” 
success story. This study offers a reference model for this 
purpose. It sorts the targets and measures of the new Fed-
eral Government into the reference model and then carries 
out an evaluation by means of an expert survey. From the 
individual components of this study, the following recom-
mendations for action for Germany as a business location 
can be derived. These, in turn, can be assigned to the ref-
erence model in Chapter 2. What is striking is that the ma-
jority of the recommendations for action are aimed at the 
topic of “Growth by GreenTech.” 

5.1

Technology as a key 
factor in tackling the 
climate crisis

Technology is the key factor in tackling the climate crisis. 
All the experts surveyed agree on this. The transformation 
into a socio-ecological market economy is also emphasized 
by the new Federal Government. However, the coalition 
agreement contains too few references to the critical 
role of technology. The term GreenTech is not addressed 
by the Federal Government. Nor is the vital importance of 
digital technologies for the implementation of GreenTech. 
However, the special role of innovation and technology in 
addressing the climate crisis and the complexity of decar-
bonization should be a common thread running through 
the actions of politicians and companies. If Germany can 
expand its leading role in the development of GreenTech, 
environmental goals can be integrated with economic and 
social goals in accordance with the sustainability triangle.

5.2

Digital transparency as a 
basic requirement of the 
circular economy

At various points in this study, it becomes clear that a fun-
damental shift from a linear economy to a circular 
economy is necessary. The basic requirement for this is 
transparency with regard to the materials used in prod-
ucts, services, and business processes. Digital technologies 
provide an essential basis for this. For example, the cor-
responding materials can be documented in the form of 
digital product passports. This will lay the foundation 
for subsequent recycling of valuable materials, as provid-
ed for in the mission statement of the circular economy. 

RFA 1

RFA 2

The Federal Government should therefore advocate the 
standardized introduction of appropriate product passports 
at national and European level and set higher reuse rates 
for products and services. This should be combined with a 
comprehensive information campaign to implement a cir-
cular economy in order to prepare relevant stakeholders in 
society for the replacement of the linear economy.

5.3

Vision and master 
plan for sustainable 
implementation

The analysis of the coalition agreement and the findings of 
the expert survey show that the new Federal Government 
has formulated a wide range of relevant targets and 
measures from the start. However, from the perspective of 
the experts surveyed, there is no overall vision or concrete 
master plan for implementation. Through an ambitious vi-
sion, different subject areas can be combined. This also forms 
the basis for clear communication with the stakeholders 
involved (business, citizens, etc.). However, the survey of ex-
perts indicates that the Federal Government’s working basis 
is perceived more as a collection of relevant individual 
tasks without a common thread. In addition, there is a 
lack of concrete planning for the implementation of indi-
vidual areas of action. For the further positioning of Ger-
many as a GreenTech export nation, both components are 
essential in order to clarify the working basis for companies.

5.4 

Interaction of the 
three sustainability 
dimensions 

A further recommendation for action of the present study 
relates to the interaction of the sustainability dimen-
sions. The GreenTech reference model clearly shows that 
corresponding effects are only possible if the different di-
mensions of sustainability are taken into account equally. 
This is confirmed by the expert interviews. The coalition 
agreement of the new Federal Government places great 
emphasis on environmental effects and strongly highlights 
the energy transition and the transformation of the 
automotive industry. The economic and social effects of 
the transformations are given much less attention. However, 
this is essential for the sustainable growth of the GreenTech 
industry and the adoption of corresponding products and 
solutions by companies and individuals. 
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Therefore, on the one hand, it is important to give greater 
consideration to the social consequences of GreenTech. On 
the other hand, it is a question of promoting viable busi-
ness models for the integration of economic and en-
vironmental interests.

5.5

Increase in implementation 
momentum

A particularly important recommendation from the experts 
is an increase in implementation momentum. The new 
Federal Government has recognized this problem area itself 
and has established some guidelines in the coalition agree-
ment for reducing bureaucracy and speeding up de-
cision-making processes. From the point of view of the 
experts surveyed, however, there has been very little sign of 
this. This applies, for example, to approval processes for the 
expansion of renewable energies, complex decision-making 
processes relating to the digitalization of public administra-
tions and municipalities (smart cities), and the availability of 
venture capital. Germany is over-structured and too slow 
in many decision-making processes. The criticism relat-
ing to lack of implementation momentum is also directed 
at the coalition agreement itself. From the point of view of 
the experts surveyed, the Federal Government must speed 
up the implementation of its own plans. The fact that 
the COVID-19 pandemic and the war in Ukraine have also 
limited the resources of the Federal Government should be 
taken into account.

5.6

Focus on digital 
business models 

Digital technologies are essential to GreenTech. Howev-
er, these are still mainly used today for efficiency gains 
through data, software, and adequate control systems. 
From the point of view of the studies analyzed for the ref-
erence model, the greater potential of digitalization lies 
in new business models. This is confirmed by the results 
of the expert survey. Business models have an economic 
knock-on effect with regard to the implementation of in-
novations. If GreenTech technologies are an essential part 
of such business models, the development of environmen-
tal effects can also gain considerable momentum. Ideas for 
digital business models are emerging in various sectors. In 
the energy industry, for example, the implementation of 
virtual power plants, data processing in smart grids, pow-
er-to-heat systems, or software-as-a-service for production 
plant optimization offers relevant business model prospects 
for GreenTech. 

RFA 5

For the mobility sector, mobility platform forums, car shar-
ing, or smart services are relevant as business models for 
traffic management. Politicians and companies must there-
fore focus more on developing, testing, and scaling 
digital business models.

5.7

Technology alone 
is not enough 

The findings of the expert survey clearly show that signifi-
cant environmental and economic effects can be achieved 
with GreenTech. Technology plays a key role in the 
transformation of the economic system. But technology 
alone is not enough. Politicians need to increasingly convey 
the message that the normal production and consump-
tion patterns in our society are not sustainable in the long 
term. Therefore, a change of heart within the population is 
required: A willingness to give things up, conserve resourc-
es, save energy, and other key sustainability issues have by 
no means reached all levels of society. As a result of supply 
chain problems, the war in Ukraine, and soaring inflation, 
sustainability has taken a back seat. Therefore, there is a risk 
of short-term suppression of relevant issues relating to cli-
mate development. This is something that politicians must 
address. Sustainability is not a luxury problem, but a central 
question of the sustainability of our society.

5.8

Simple financing models 
for startups and SMEs 

As a cross-sectoral industry, the GreenTech industry is pri-
marily characterized by small and medium-sized enterprises. 
A large number of companies are currently creating strong 
growth momentum. This forms the basis for the develop-
ment of world market leaders. Access by the relevant 
companies to innovation and risk capital is a prerequi-
site for this. While conditions for access to risk capital have 
improved in Germany, more efforts and a significant re-
duction of red tape are needed compared to the US and 
China. Access to risk and innovation capital needs to be-
come more transparent, simpler, and faster. Corresponding 
approaches are included in the coalition agreement of the 
new Federal Government. Overall, a focus is placed on pro-
moting startups. This must be specifically extended to small 
and medium-sized enterprises in the GreenTech sector. The 
promotion of small and medium-sized structures in 
terms of the implementation of corresponding technologies 
is still too weak.

RFA 7

RFA 8

5.9

Review and adjustment 
of regulatory framework 
conditions

The results of the meta-analysis clearly show that regulato-
ry framework conditions have a strong effect on economic 
activity. This also applies to the pricing of unsustainable 
economic structures or the subsidization and promo-
tion of sustainable economic structures. The regulatory 
framework needs to be reviewed and adapted in many ar-
eas by the new Federal Government. Many examples of this 
can be derived from the meta-analysis of existing studies. 
Starting points are, for example, CO2 pricing in the European 
Emissions Trading System (ETS), standardization and certifi-
cation, the promotion of sustainable finance, and incentives 
for research and development through suitable funding pro-
grams. From the point of view of individual sectors of the 
economy, further starting points for the adjustment of in-
centive systems can be derived. The Federal Government is 
encouraged to implement these incentives in a timely man-
ner, where possible in consultation with European partners.

5.10

Specific measurement 
of sustainability effects

The outlined reference model and the results of the ex-
pert survey clearly show that there is a lot of evidence that  
GreenTech can reconcile economic and environmental 
effects. However, the rebound effect must be taken into 
account. Specific measurement of sustainability effects is 
necessary for individual applications. The data basis for this 
is surprisingly weak in many areas. Important effects cannot 
be quantified with sufficient precision either from the me-
ta-analysis or from the expert survey. However, since cost-ef-
fectiveness is considered to be the central driver of Green-
Tech, such measurement models are necessary. Therefore, 
politicians should address the standardized analysis of 
the measurement of sustainability effects and define 
this as a framework condition for corporate activity. In some 
cases, corresponding measurement models have already 
been established at individual companies. The data-based 
control of companies through digital technologies forms an 
essential basis for this.

RFA 9

RFA 
10

RFA 6

Although the ten recommendations for action presented 
above have been derived from the analysis of the reference 
model, coalition agreement, and expert survey, the set pri-
orities should not be considered final. From reading the in-
dividual results, a large number of further recommendations 
can be defined that are relevant for politics and business. 
This demonstrates how the further development of Green-
Tech is characterized by a high degree of complexity. The 
density of the relevant design parameters is high. Reference 
models are an essential tool for presenting complex systems 
in a simplified way. In this way, further opportunities for sus-
tainable development can be derived from the GreenTech 
reference model and the results of the meta-analysis and 
expert survey.
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