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Preface

Dear Reader,

Environmental technology and resource efficiency is 
driving sustainable development around the globe. 
For Germany’s technological and industrial base, too, 
it is impossible to overstate the importance of green 
technologies. In 2016, these technologies accounted 
for 15 percent of the country’s gross domestic product 
(GDP), a figure forecast to rise to 19 percent by 2025. 
1.5 million people already earn their living in this 
discipline – another number that is increasing. 
Management consultancy Roland Berger predicts 
that, between now and 2025, the green technology 
industry will grow by an average of 6.9 percent per 
annum.

Environmental technologies are modernizing our 
economy. They are giving us more sustainable 
products. The German green tech market is expanding 
at a rate of 8.8 percent per year – considerably faster 
than the international market. This underlines the 
extent to which Germany‘s economy and society is 
already on the right track.

Environmental technologies also provide answers to 
the question of how we can meet the basic needs of a 
growing population without further destroying the 
ecological foundations for life on Earth.

At the same time, digitalization is bringing radical 
change to green technology. In many cases it is a 
fundamental prerequisite, putting in place the 
technological conditions for environmental protec
tion measures such as the optimized use of renewable 

energy. Compared to non-automated processes, smart 
connectivity helps us achieve significantly greater 
savings on resource consumption. Flexible production 
systems roll out customized products at the cost of 
volume-manufactured goods.

In this context, it makes more sense than ever to bring 
industrial production back onshore to Germany. Some 
companies are already showing the way forward. Yet we 
are fully aware that digitalization alone is no guarantee 
of sustainability: It can mean added resource consump
tion and the transportation of more goods. It is there
fore our responsibility to identify and avoid associated 
burdens on the environment as quickly as possible.
If green tech firms are to benefit from the digital 
transformation, they must learn to play by the rules 
of this new game. Accordingly, this new issue of the 
GreenTech Atlas for the first time homes in on the role 
played by digitalization in the small and medium-
sized enterprise (SME) landscape that shapes much of 
Germany’s green tech industry. Specifically, it examines 
how well prepared Germany’s environmental tech
nology and resource efficiency companies are for the 
digital transformation. Looking at the findings, it is fair 
to say that action is needed in both the political and 
economic arenas.

We must also prepare ourselves for fiercer global 
competition. The attractiveness of this market is an 
open secret. In emerging countries in particular, major 
global players are adopting clearly defined strategic 
positions.
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German providers are ready for the onslaught, at 
least in principle. They possess a wealth of industry 
expertise. Resting on our laurels is not an option, 
however.

 

 

Both the corporate community and the political 
echelons must give Germany’s green tech industry 
a sharper competitive edge. Germany must further 
advance its areas of specialization. Ultimately, a 
stronger emphasis on the social and ecological aspects 
of sustainability will determine the extent to which 
German companies become better able to compete.

 
 
 

A modern industrial society is the backbone of our 
economy. The GreenTech Atlas demonstrates that 
“green markets” harbor vast potential for growth. 
This is where the jobs of tomorrow are springing up.

 

 

In other words, sustainability gives us an opportunity 
to tread new paths and create new value. To realize 
this potential, however, we must all continue to pull 
together. The GreenTech Atlas 2018 is a powerful source 
of motivation!

Svenja Schulze,  
Federal Minister for the Environment, 
Nature Conservation and Nuclear Safety
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1  Executive summary
Fresh stimulus for the green tech markets
All over the world, people are becoming increasingly aware of the 
need to take resolute action to mitigate climate change and pro
tect the environment. Ambitious ecological goals can be reached 
only with the aid of environmental technology and resource 
efficiency. It follows that demand for green products, processes 
and services remains vigorous. As the green tech markets thus 
continue to grow, German providers – armed with innovative 
strengths, systems expertise and a pronounced export orienta
tion – stand to benefit.

1
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Sustainable economic growth – It’s time to take action! 

Around the world, mitigating climate change and 
protecting the environment are being accepted as chal
lenges that face us all. In December 2015, representa
tives of 195 countries and the European Union put 
their names to the Paris Agreement, whose core 
provisions are these:

-
- 

 

l Keep global warming to well below two degrees 
Celsius while striving to limit the temperature 
increase to 1.5 degrees Celsius.

 

l Cut net greenhouse gas emissions to zero by the 
middle of the 21st century.

l Provide financial support to help emerging coun
tries take steps to tackle climate change and adapt to 
its consequences.

-

l Resolve and implement national plans to curb 
climate change.

 

Trade associations, civil society stakeholders and local, 
regional and national governments are swelling the 
ranks of the alliance against climate change. The deter
mination to work together to combat climate change is 
growing all the time – as forcefully attested by the 23rd 
Conference of the Parties in Bonn in November 2017. 

-

We know that there is a close correlation between 
safeguarding our climate, fostering sustainability 
and ensuring a livable environment. For this reason, 
protecting the environment, mitigating climate change 
and conserving natural resources is an integral com
ponent of the United Nations’ (UN) 2030 Agenda for 
Sustainable Development, which was ratified in Sep
tember 2015 at a UN Sustainable Development Summit 
for heads of state and government in New York. Given 
that it addresses every aspect of the realities people face 
every day, the 2030 Agenda is seen to embody a new 
quality of international sustainability policy.

 

-

-

Seventeen Sustainable Development Goals (SDGs) 
form the core of the 2030 Agenda. These goals em
brace all three dimensions of sustainability – the social, 
environmental and economic dimensions – and are 
to be reached by 2030. It describes sustainability as an 
opportunity to tread new paths in the creation of value. 
For the German economy, this means that, in the years 
ahead, green technology must be developed into the 
cornerstone of national value creation.

-

Treading new paths in value creation – 
Continuing growth in the international green tech markets

Innovation in environmental technology is an essen
tial element in mastering ecological challenges. There 
is no question: If we are to achieve the goals laid out 
in the Paris Agreement and the 2030 Agenda, we need 
environmental technology and resource efficiency pro
ducts, processes and services. Very obviously, there is a 
close correlation between regulatory and environmen
tal policy conditions on the one hand and innovation 
and the emergence of new markets on the other hand.

-

-

-

This mechanism is keeping demand for green products, 
processes and services on a high level. The numbers 
bear impressive witness to this assertion: The global 
market volume for environmental technology and 
resource efficiency exceeded the 3 trillion euros mark 
in 2016, ending the year at 3,214 billion euros.

This figure is the sum total of the market volumes for 
the six green tech lead markets:
l Energy efficiency: 837 billion euros
l Sustainable water management: 667 billion euros
l Environmentally friendly power generation, storage 

and distribution: 667 billion euros
l Material efficiency: 521 billion euros
l Sustainable mobility: 421 billion euros
l Waste management and recycling: 110 billion euros
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-
-

-

Around the globe, the green tech industry is continuing 
to grow. By 2025, the global volume of the six green 
tech lead markets will probably have reached 5,902 
billion euros. This figure is based on forecasts that the 
cross-sector industry for green technology will grow at 
an average annual rate of 6.9 percent between 2016 and 
2025.
 
Naturally, the individual lead markets are not all ex
panding at the same speed. Double-digit average 
annual growth of 10.2 percent is the impressive figure 

-
for the lead market for sustainable mobility. Rapid 
expansion is also being achieved in material efficiency 
(8.1 percent) and waste management and recycling (7.4 
percent).

-

 

Top ten technology lines worldwide

The top ten technology lines were identified based on 
two criteria: a large share of the total global market 
volume for environmental technology and resource 
efficiency, and a relatively high average annual growth 
rate. These “top ten” technology lines together add up 
to a market volume of 1,284 billion euros – nearly 40 
percent of the world’s total green tech market volume. 
It is immediately striking that five of the top ten tech

nology lines – water distribution, water treatment, 
wastewater treatment, water production, and waste-
water collection and transportation – all belong to 
the lead market for sustainable water management. 
This weighting bears clear testimony to the increasing 
importance of supplying water to a growing world 
population and dealing with an ever more acute water 
crisis.

Continued robust demand – 
International successes for “green tech made in Germany”

In recent years, German providers have been able to 
benefit from rising global demand for green products, 
processes and services. Especially in the EU member 
states, where demand is strong, but also in the BRICS 
countries1, Germany already enjoys a superior market 
position with technologies to mitigate climate change. 
In 2016, German companies accounted for a 14 percent 
share of the global market for environmental technolo
gy and resource efficiency. The fact that Germany pro
duces 4.6 percent of the world’s economic output puts 
this figure in perspective and evidences the tremendous 

significance of German-made environmental technolo
gy and resource efficiency on international markets.

1  The abbreviation BRICS stands for Brazil, Russia, India, China and South Africa.
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Robust demand for green tech in Germany reflects how well 
established environmental technology and resource efficiency 
is on the domestic market

In Germany, the market volume for environmental 
technology and resource efficiency stood at 347 billion 
euros in 2016. This figure breaks down as follows across 
the six green tech lead markets:
l Energy efficiency: 83 billion euros
l Environmentally friendly power generation, storage 

and distribution: 79 billion euros
l Sustainable mobility: 74 billion euros
l Material efficiency: 63 billion euros
l Sustainable water management: 28 billion euros 
l Waste management and recycling: 20 billion euros

While dynamic development is thus expected on the 
international green tech markets, the cross-sector 
industry for environmental technology and resource 
efficiency will also expand in Germany itself. Between 
2016 and 2025, the total volume of the country’s own 
green tech lead markets is projected to jump from 
347 billion euros to 738 billion euros. Throughout this 
period, the German green tech industry is expected to 
grow at an average annual rate of 8.8 percent.

 

Demand for green technologies is therefore increas
ing faster in Germany than on the global markets. In 
the years ahead, strict environmental standards, the 
energy transition and companies’ awareness of energy 
and material efficiency will fuel further growth in 
demand for green products, processes and services. At 
the same time, demand on the domestic market also 
creates opportunities for green tech companies based 
in Germany. Enjoying far closer proximity to their 
customers, they can collaborate with users to tailor the 
development of new technologies to individual needs. 
Cooperation on their home market is also conducive 
to systemic approaches within the green tech indust
ry. Thanks to their expertise in system solutions and 
their wealth of technological knowledge, German-
based environmental technology providers in partic
ular can experience international success while also 
tapping large shares of the domestic market volume.

-

-

-

A closer look at the individual technology lines in  
the various lead markets reveals rapid expansion in 
sustainable mobility. When a list of the top ten tech
nology lines was compiled based on “average annual 
change between 2016 and 2025”, it was conspicuous 
that five out of the ten fastest-growing technology lines 
all belong to the lead market for sustainable mobility. 
Driving this growth is the transition to environ
mentally compatible, low-carbon mobility in the 
transport sector.

-

- 
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Different angles on the same growth industry: 
Green tech companies in Germany – A strong SME segment

A growing market volume is not the only indicator of 
green technology’s increasing importance in Germany. 
Another is the contribution made by this cross-sector 
industry to economic output: Environmental tech
nology and resource efficiency has increased its share 
of German gross domestic product (GDP) continually 
since 2007, reaching 15 percent in 2016. The expecta
tion is that, by 2025, green technology will make up 19 
percent of Germany’s GDP.

-

-

As well as sketching the macroeconomic situation, the 
publications in the green tech series also paint a de
tailed picture of the supply side of the environmental 
technology and resource efficiency industry in Ger
many. That includes both structural data and analysis 
of moods and trends. This portrait of the industry is 
based essentially on analysis of a web-based company 
survey conducted from July through November 2016 
on behalf of the Federal Ministry for the Environment, 
Nature Conservation and Nuclear Safety.

-

-

Our analysis confirmed the industry’s existing structur
al parameters: Medium-sized companies play a power
ful, formative role in the environmental technology 
and resource efficiency sector. Roughly 90 percent of 
the country’s green tech players post annual revenue 
of under 50 million euros. A detailed breakdown of 
sales revenue nevertheless shows that, among German 
providers of green products, processes and services, 
firms with annual revenues of under 1 million euros 
are also well represented, accounting for 43 percent of 
all players in the industry. The average green tech 
company in this country reports annual revenue of 
25 million euros. Approximately three quarters of 
German environmental technology and resource 
efficiency companies employ fewer than 50 people.

-
- 

 

 
 

 
 

Across the individual lead markets in the German envi
ronmental technology and resource efficiency industry, 
the export rate – the percentage of sales generated 
outside Germany – ranges from 29 to 48 percent. The 
share of sales realized abroad is especially high in the 
lead markets for sustainable mobility (48 percent) and 
material efficiency (45 percent).

-

The mood among Germany’s green tech providers is 
mostly positive. 47 percent of the respondents to our 
survey rate their current business situation as “good”, 
while 45 percent see it as “satisfactory”. Looking ahead, 
the German green tech players are cautiously optimis
tic. One third believe that their business situation will 
improve through 2021. 60 percent expect it to remain 
unchanged, and only 6 percent expect their business 
situation to deteriorate.

-

Green tech players’ expectations regarding the trends 
in sales and employment likewise provide an insight 
into the mood in the environmental technology and 
resource efficiency industry. Between now and 2021, 
our survey participants anticipate average annual sales 
growth of 9.8 percent. The fastest growth is expected by 
companies that focus on the lead market for sustain
able mobility, who expect to see sales increase by an 
annual average of 14.5 percent.

-

In the same period, respondents expect the head
count in the environmental technology and resource 
efficiency industry to grow by 6.7 percent per annum. 
As with sales projections, companies with a focus on 
the lead market for sustainable mobility again have 
the highest expectations in the green tech industry 
with regard to the employment trend. They expect the 
workforce to increase by an annual average of 20 per
cent. Around 1.5 million people in Germany worked 
at companies in the six green tech lead markets in 
2016.

-

-
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Fresh potential –  Digitalization in environmental technology 
and resource efficiency

The dynamic development precipitated by the digital 
transformation is bringing radical change to the econ
omy and market conditions, to society and the way we 
live our lives. In the cross-sector green tech industry 
too, digitalization will lead to far-reaching changes 
that present both opportunities and risks.

-

Four keys to digital transformation – digital data, auto
mation, connectivity and digital customer interfaces – 
are influencing the structure of the green tech market. 
The main changes that affect the providers of green 
products, processes and services can be condensed into 
five hypotheses: 

-

l New, disruptive business models are replacing old 
business models

l Traditional corporate structures are becoming 
more flexible

 

l Virtual platforms are forcing changes in market 
design

l New competitors are penetrating links in the value 
chain

l Network effects are becoming established as a 
new competitive advantage

 

Digitalization can create positive stimulus for the 
ongoing development of environmental technology 
and resource efficiency by supporting and advancing 
systemic approaches. Individual components are 
linked together to form interlocking systems and thus 
create end-to-end solutions. This systemic approach is 
playing an increasingly important role in the context of 
competitiveness and innovation, because the advanced 
stage of development in the green tech lead markets 
is making it ever more difficult to improve individual 
green products, processes and services.

Digitalization is increasingly evolving into an enabler 
of system formation, as the four keys to digitalization 
(digital data, automation, digital customer interfaces 
and connectivity) lay the foundation for innovative 
digital systems. At the same time, new products and 
services are being developed alongside innovative ways 
to use existing components. Examples of digital sys
tems include connected energy, building information 
networks, Industry 4.0, urban connected mobility and 
smart grids.

-

Environmental technology and resource efficiency 
is already a fast-growing market. Digitalization can 
further accelerate expansion in this sector: The syner
gies and system effects arising from the expansion of 
digital systems will probably lead to stronger demand 
for green tech products, methods and services.

-

Calculations based on the Roland Berger market model 
forecast that digitalization will add more than 20 
billion euros to Germany’s green tech industry in 
2025. The individual lead markets will, however, make 
varied contributions to this potential: The strongest 
effect is projected to come in the lead market for energy 
efficiency, with digitalization adding 7.2 billion euros 
to the market volume. The least digitalization-driven 
growth will be in sustainable water management 
(1 billion euros) and in the lead markets for material 
efficiency (2 billion euros) and waste management and 
recycling (2 billion euros).
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-
- 

-

-

-

-

-

-

 

-

Environmental technology and resource efficiency 
inherently contain significant potential to ease the 
burden on the environment and protect environment
al goods. Environmental relief potential is understood 
to mean the extent to which using a product, process or 
service eases the burden of pollution on the environ
ment. Growth in the green tech market therefore also 
leads to positive ecological effects that are amplified by 
digitalization.

-

-

Across the six lead markets, digitalization is expected to 
yield environmental relief potential of 50 million tonnes 
of CO2e2 in 2025. That is equivalent to a 5 percent 

reduction in Germany’s total CO2e emissions compared 
to 20143 – from the effects of digitalization alone.

2 CO2e is the abbreviation for CO2 equivalents.
3  Based on data from the Federal Environment Agency. See Umweltbundesamt (2017a).

Digital readiness – The challenges facing German green tech 
providers

Digitalization gives German environmental technology 
and resource efficiency companies the chance to im
prove their competitive position by injecting innova
tion into their products and internal processes. Con
versely, companies that ignore the megatrend toward 
digitalization run the risk of losing market share. What 
is known as “digital readiness” is key in determining 
who the winners and losers will be: To what extent are 
companies ready for the digital transformation?

The point of departure for companies in the green tech 
lead markets is determined on the basis of four criteria: 
start-up activity, the use of digital technologies, the 
existence of digital systems and the pace of innovation. 
Based on a qualitative assessment of these four criteria, 
the degree of digital readiness in each lead market was 
calculated on a scale from 0 to 100 percent.

Of all the green tech lead markets, energy efficiency 
leads in terms of digital readiness with the highest 
score of 80 percent. A large number of start-ups and a 
broad spectrum of innovative digital efficiency services 
are the main reason for this lead market’s strong digital 
starting position. Another good overall digital readiness 
score – of 70 percent – is recorded by companies in the 
lead market for environmentally friendly power gener
ation, storage and distribution. Digital solutions from 
numerous start-ups relating to the control and integra
tion of renewable energy and storage technologies 
show that, in some market segments, digital technolo

gies are already in use today and are successfully placed 
on the market.

In contrast, the digital point of departure in the lead 
market for waste management and recycling is much 
weaker, with a digital readiness score of 30 percent. 
Only a few companies in this industry are already 
using digital technology or currently conducting pilot 
projects – in dynamic waste collection and the digital 
labeling of consumer goods, for example. In the lead 
market for material efficiency, the digital transforma
tion is still in its early days. An overall digital readiness 
score of 25 percent makes this point abundantly clear. 
Given the complexity of the issues involved and the 
long-term nature of development processes in what is 
mostly a context of industrial production, start-up ac
tivity is still very rare. Innovation in the area of digital 
services is similarly sluggish.

Even in the context of Industry 4.0, the topic of 
material efficiency is only slowly being recognized as 
a relevant issue. If it is serious about retaining its role 
as a key player on the markets of the future, German 
industry must concentrate its efforts to leverage 
digitalization’s potential to conserve resources.

Discrepancies between self-perception and how others 
see things are nothing unusual. When the companies 
were surveyed, one important aspect was therefore 
how green tech players rate their own digital capa
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bilities. One question looked at how digitalization 
influences different links in the value chain. Essentially, 
companies expect digitalization to give them a 

sharper competitive edge, a better knowledge of 
markets and customers, and new possibilities for 
service and cooperation.

Digital readiness

The green transformation – Stimulus for the ecological 
modernization of the economy

The term “green economy” denotes an innovative eco
nomy that limits ecological risks and seizes economic 
opportunities. It is characterized by innovative, ecolo
gical and inclusive growth. The process of developing 
from the status quo to a green economy is referred to 
as the “green transformation”, or the “greening” of the 
economy. This process can also be mapped onto indivi
dual companies.

-

-

-

Environmental technology and resource efficiency 
plays a key role in advancing the green transformation. 
Green tech players’ products, processes and services 
play a crucial role in mastering ecological challenges. In 
its capacity as a cross-sector industry, environmental 
technology and resource efficiency promotes the green 
transformation in all branches of industry, injecting 
powerful stimulus for the ecological modernization of 
the economy. Integrated approaches and system solu
tions are two particularly promising aspects.

-

Digitalization has the potential to support and ac
celerate the green transformation. On the one hand, 
digitalization puts in place the technical conditions re
quired for many steps to protect the environment and 
mitigate climate change. For example, by establishing 
data networks, smart system solutions can realize far 
greater energy savings than non-automated proces
ses. On the other hand, digitalization facilitates the 
economies of scale that can make sustainable products 
and services cost-effective and pave the way to their 
wider use. Digitalization also enables information to 
be bundled and visualized in clear, intuitive forms. All 
these insights can be harnessed to further the develop
ment of ecofriendly and climate-friendly technologies 
and services.

-

-

-

-
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2  Mitigating climate change and 
protecting the environment – 
Two global challenges
Ecological responsibility high on international 
and national political agendas

 

The international community ratified two agreements in 2015: the Paris 
Agreement and the UN’s 2030 Agenda. The ambitious climate and environ
mental policy goals enshrined in these documents will promote continuing 
expansion of the green tech markets.

 
-

2
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At a glance

Around the globe, it is becoming ever more important 
to mitigate climate change and protect the environ
ment. Two international agreements, both signed in 
2015, make the point with abundant clarity.

-

The Paris Agreement marks the first time that the 
international community has accepted a binding 
commitment under international law to keep global 
warming significantly below two degrees Celsius. Unlike 
the Kyoto Protocol, which obliged only industrialized 
nations to take steps to protect the climate, the Paris 
Agreement also applies to emerging nations. Starting 
in 2020, the industrialized nations want to set aside 
100 million US dollars a year to support emerging 
countries in their efforts to both mitigate and adapt 
to climate change.

The UN’s 2030 Agenda for Sustainable Development 
subsumes the social, environmental and economic 
dimensions of sustainability under 17 defined goals. 
Environmental technology and resource efficien
cy products, processes and services are needed to 
achieve these goals – examples include clean water 
and sanitation for all, affordable and sustainable 
energy for all, and sustainable production – and to 
implement the Paris Agreement. By consequence, 
innovations and new markets will emerge and the 
international lead markets for green technology will 
experience expansive growth. German environmental 
technology and resource efficiency firms can benefit 
from this development thanks to their experience and 
strong positioning on the international markets.

-

The Paris Agreement and the UN’s 2030 Agenda – 
Global milestones in climate and environmental protection policy 
and Germany’s contribution to their implementation

“The natural environment is a collective good, the pat
rimony of all humanity and the responsibility of eve
ryone.” This rallying cry was voiced in “Laudato si”, the 
encyclical published by Pope Francis on June 18, 2015.1 
When the head of the Roman Catholic church places 
ecological issues at the heart of a teaching document 
addressed to the faithful throughout the world, that 
is powerful testimony to the tremendous importance 
that protecting the environment is today accorded in 
society and politics.

-
-

The significance of climate and environmental protec
tion is also firmly rooted in the international commu
nity. This fact is attested by two agreements that were 
ratified in 2015, both of which constitute milestones in 
international climate and environmental protection 
policy: the Paris Agreement and the UN’s 2030 Agenda 
for Sustainable Development.

-
-

Both agreements affect society and the economy – and 
especially the development of the green tech industry. 

One key lever via which they influence market activity 
is the enactment of national legislation in individual 
countries: There is a close correlation between regu
latory and environmental policy frameworks on the 
one hand and innovation and the emergence of new 
markets on the other.

-

Paris Agreement

“Climate protectors write history”2, “The end of fossil 
fuels is in sight”3, “Turning point for the world”4: The 
staggering response to the world climate change sum
mit in Paris was one of virtually unanimous elation. 
At the 21st UNFCCC climate conference (COP21)5 in the 
French capital in December 2015, representatives of 
195 countries and the European Union put their names 
to the Paris Agreement. This then came into force on 
November 4, 2016. For the first time ever, the inter
national community thus shouldered a binding 
commitment under international law to keep the in
crease in the global average temperature to below 

-

- 
 

-
 

1 See katholisch.de (2016).
2 See Bundesministerium für Umwelt, Naturschutz, Bau und Reaktorsicherheit (2015a).
3 See Fücks, Ralf (2016), page 42.
4 Unattributed (2015).
5 UNFCCC stands for the United Nations Framework Convention on Climate Change; the abbreviation COP stands for “Conference of 

parties”.

At a glance

http://katholisch.de
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two degrees Celsius. More than that, countries would 
also strive to limit the temperature increase to 1.5 
degree Celsius above preindustrial levels. The 
agreement also states that the world must become 
greenhouse-gas-neutral in the second half of the 
21st century, meaning that it must renounce the use 
of fossil fuels altogether.

 
 

 
 

To achieve these ambitious targets, the following 
mechanisms are anchored in the Paris Agreement 
in order: Countries are obliged to disclose their 
nationally determined contributions to mitigating 
climate change (NDCs) every five years. Moreover, 
these targets are subject to the principle of progres
sion and must become increasingly more ambitious: 
Scaling them back is not permitted. The NDCs are 
based on the national climate targets formulated by the 
participating nations in advance of the Paris summit. 
This procedure is legally binding, although the targets 
defined in the NDCs are not.

 
 

 

 
- 

Reporting duties are an integral component of the Pa
ris Agreement. Countries must regularly disclose data 

-

on their emissions of greenhouse gases to ensure that 
climate policy does not run aground and degenerate 
into mere statements of intent.

Unlike the Kyoto Protocol, which obliged only indust
rialized nations to take steps to protect the climate, the 
Paris Agreement applies to all nations. The incorpora
tion of emerging countries is seen as a major step for
ward in international climate policy:6 In recent years, 
the fast-growing emerging countries in particular have 
played a substantial role in driving up greenhouse gas 
emissions. If they were not involved, it would scarcely 
be possible to win the battle against global warming. 
The Paris Agreement also includes a commitment to 
support emerging countries in their efforts to both 
mitigate and adapt to climate change. One aspect is the 
long-term aim of promoting low-emission develop
ment in line with the goal of ensuring food security. 
Starting in 2020, the industrialized nations want to 
set aside 100 million US dollars a year for climate 
action funding. Via an adaptation fund, concrete 
measures will also be financed in regions that are most 
vulner-able to the effects of climate change.7

-

-
-

-

 

 
 

 Core provisions of the Paris Agreement
l Keep global warming to well below two degrees Celsius while striving to limit the temperature increase 

to 1.5 degrees Celsius
l Cut net greenhouse gas emissions to zero by the middle of the 21st century
l Provide financial support to help emerging countries take steps to tackle climate change and adapt  

to its consequences
l Implement national plans to curb climate change

On June 1, 2017, US President Donald Trump an
nounced his country’s withdrawal from the Paris 
Agreement. It is still difficult to assess exactly what 
this announcement will mean in practical terms. One 
thing is certain, however: While the US withdrawal is a 
bitter blow to international climate diplomacy, it is by 
no means a capitulation in the face of climate change. 
Major sources of CO2 emissions such as China, India, 
Russia and the European Union have affirmed their 
intention to uphold the obligations enshrined in the 
Paris Agreement. And even in the USA, many states are 
rejecting the Trump administration’s climate policy 
volte-face, standing by their ambitious climate change 

- mitigation targets and thus furthering the energy 
transition. Nearly 30 federal states have set themselves 
“renewable portfolio standards” that stake out a time 
frame for defined increases in renewable energy’s share 
of the electricity mix.8 New York and California rank 
among the pioneers and aim to meet half of all power 
consumption from renewable energy sources by 2030. 

6 See Bundesministerium für Umwelt, Naturschutz, Bau und Reaktorsicherheit (2015b).
7 See Bundesministerium für Umwelt, Naturschutz, Bau und Reaktorsicherheit (2016a).
8 See Heinrich Böll Stiftung (2017).

Many players in the US economy are likewise holding 
fast to climate policy targets and have sharply criticized 
their country’s retreat from the Paris Agreement. In 
an open letter addressed to the Trump administration, 
the top managers and chief executives of leading US 

l 

l 
l 

l 

 Core provisions of the Paris Agreement
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companies stressed that they still feel “deeply commit
ted” to curbing climate change and would continue to 
work toward the goals of reducing greenhouse gases 
and improving energy efficiency.9

-

The UN’s 2030 Agenda for Sustainable 
Development

“Ours can be the first generation to end poverty – and 
the last generation to address climate change before 
it is too late.”10 In his statement to the United Nations 
(UN) when its sustainable development goals were 
resolved, then Secretary-General Ban-Ki Moon spelled 
out the link between development policy, mitigating 
climate change and sustainable development. The fight 
against global warming and for the conservation of 
natural resources is an integral element of the UN’s 
2030 Agenda for Sustainable Development, ratified 
in September 2015 at a UN Sustainable Development 
Summit for heads of state and government in New 
York. The agenda is seen to embody a new quality of 
international sustainability policy.

This view is rooted in the fact that the 2030 Agenda 
combines the environmental and developmental per
spectives which, in the past, were treated separately in 
two distinct UN negotiating processes. The follow-up 
process to the Rio Earth Summit in 1992 drafted global 
sustainability criteria and goals. The process surroun
ding the Millennium Development Goals (MDGs) 

-

-

focused on development policy. Now, both processes 
have been brought together by the 2030 Agenda under 
the rubric “transformation towards sustainable deve
lopment”. The 2030 Agenda thus constitutes “a para
digm shift toward a profound transformation of [the] 
economy and society in north and south alike, that we 
might share the responsibility for shaping a sustainable 
and just world.”11

-
-

The 2030 Agenda envisages a global partnership that 
works toward making development activities around 
the world socially, ecologically and economically 
sustainable. To this end, structures, processes, ways of 
thinking and patterns of behavior must be reformulat
ed from the ground up. The 2030 Agenda is universally 
valid: All countries share a common responsibility for 
the global common good. This responsibility applies 
especially in areas where success can be achieved only 
through international cooperation, such as in mitigat
ing climate change, preserving biodiversity, conserving 
natural resources, and establishing peace, security, 
equality and social justice.12

-

-

Seventeen Sustainable Development Goals (SDGs) with 
a total of 160 sub-targets form the core of the 2030 
Agenda. Each of these goals is to be reached by the 
year 2030. The goals embrace all three dimensions of 
sustainability: the social, environmental and economic 
dimensions.

9 Unattributed (2017a).  
10 See Deutsche Welle (2016). 
11 See Bundesregierung (eds.) (2017), page 22. 
12 Ibid, page 217. 
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Table 1: The UN’s 2030 Agenda – 17 goals for sustainable development

Goals 

 

 

 

 

 

1 End poverty in all its forms 
everywhere 

 

 2 End hunger, achieve food security and improved nutrition 
and promote sustainable agriculture 

3 Ensure healthy lives and promote well-being for all 
at all ages 

4 

 

 

 

Ensure inclusive and equitable education 
and promote lifelong learning 

5 

 

Achieve gender equality and 
empower all women and girls 

6 Ensure availability and sustainable management 
of water and sanitation for all 

7 Ensure access to affordable, reliable, sustainable 
and modern energy for all 

8 Promote sustained, inclusive and sustainable economic growth, full 
and productive employment and decent work for all 

9 Build resilient infrastructure, promote inclusive and sustainable 
industrialization and foster innovation 

10 Reduce income inequality 
within and among countries 

11 Make cities and human settlements inclusive, safe, 
resilient and sustainable 

12 Ensure sustainable consumption and 
production patterns 

13 Take urgent action to combat climate change 
and its impacts 

14 Conserve and sustainably use the oceans, seas and marine resources 
for sustainable development 

15 
Protect, restore and promote sustainable use of terrestrial ecosystems, 
sustainably manage forests, combat desertification, halt and reverse land 
degradation and halt biodiversity loss 

16 
Promote peaceful and inclusive societies for sustainable development, provide 
access to justice for all and build effective, accountable and inclusive 
institutions at all levels 

17 Strengthen the means of implementation and revitalize the global partnership 
for sustainable development 

Source: General Assembly of the United Nations (2015), page 15 

Table 1: The UN’s 2030 Agenda – 17 goals for sustainable development
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Within the framework of the UN’s Open Working 
Group on Sustainable Development Goals – the group 
that drafted the above goals – the EU strongly advo
cated that these goals should make due provision for 
challenges such as improving resource efficiency and 
environmental sustainability. The central political 
messages set forth in the preamble to the 2030 Agenda 
for Sustainable Development were contributed to the 
negotiating process largely by Germany and the Euro
pean Union.

-

-

“ People
We are determined to end poverty and hunger, in 
all their forms and dimensions, and to ensure that 
all human beings can fulfil their potential in dignity 
and equality and in a healthy environment.

Planet
We are determined to protect the planet from 
degradation, including through sustainable con
sumption and production, sustainably managing 
its natural resources and taking urgent action on 
climate change, so that it can support the needs of 
the present and future generations.

-

Prosperity
We are determined to ensure that all human beings 
can enjoy prosperous and fulfilling lives and that 
economic, social and technological progress occurs 
in harmony with nature.

Peace
We are determined to foster peaceful, just and 
inclusive societies which are free from fear and 
violence. There can be no sustainable development 
without peace and no peace without sustainable 
development.

Partnership
We are determined to mobilize the means required 
to implement this Agenda through a revitalized 
Global Partnership for Sustainable Development, 
based on a spirit of strengthened global solidarity, 
focused in particular on the needs of the poorest 
and most vulnerable and with the participation of 
all countries, all stakeholders and all people.”13

Germany Sustainable Development 
Strategy – New Version 2016

 

The Sustainable Development Goals (SDGs) also apply 
to Germany. To implement the 2030 Agenda, each 
country must define its own national targets – which 
was done in this country in the shape of the “German 
Sustainable Development Strategy – New Version 
2016”, ratified by the German government in January 
2017. This document fleshes out the 17 SDGs laid out 
in the UN’s 2030 Agenda and links them to measurable 
political actions.14

The German Sustainable Development Strategy stakes 
out the measures with which the German government 
plans to meet the SDGs specified in the 2030 Agenda 
at the national level. The direction is set by the guiding 
principles anchored in the National Sustainable Deve
lopment Strategy: intergenerational equity, quality of 
life, social cohesion and international responsibility. 
Indicators linked to medium-term and long-term 
goals are defined for these guiding principles. Indicator 
reports published every two years give account of the 
progress made toward achieving sustainable develop
ment.

-

-

Incorporation of the 2030 Agenda goals in the German 
Sustainable Development Strategy is ensured by the 
following concept: A political goal backed by indicators 
is attached to each individual SDG. The indicators are 
not intended to model every aspect of the topic con
cerned: They serve rather as key parameters highligh
ting those aspects that are of special importance. The 
indicators are analyzed by the Federal Statistical Office, 
which presents the current development status and 
uses intuitive symbols to rate the degree to which goals 
have been met (see Table 2).

-
-

Based on the examples of water and energy – two 
exceptionally vital environmental policy areas – the 
table below illustrates how the SDGs prescribed by 
the 2030 Agenda and the goals and indicators defined 
in the German Sustainable Development Strategy are 
synchronized (see Table 2).

13 Ibid, page 16.
14 See Bundesministerium für Umwelt, Naturschutz, Bau und Reaktorsicherheit (2017a).
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Table 2: Excerpt from the system of indicators defined for the German Sustainable Development Strategy15

SDG 6 Ensure availability and sustainable management of water and sanitation for all 

  

  

 

No. Indicator field Indicators Targets Status 

 
 

6.1.a Water quality 
Reducing the pollution of 
water with substances 

Total phosphate 
in flowing waters 

The benchmark values for all specific types 
of water to be met or beaten at all 
monitoring points by 2030 

6.1.b Nitrate in groundwater – proportion 
of monitoring points in Germany at 
which the threshold of 50 mg/l for 
nitrate is exceeded 

“50 mg/l” of nitrate in groundwater 
to be complied with by 2030 

6.2 Drinking water and sanitation 
Better access to drinking water 
and sanitation worldwide, 
higher (safer) quality 

Number of people gaining access to 
drinking water and sanitation through 
support from Germany 

10 million people per year to gain 
access to water through 2030 

SDG 7 Ensure access to affordable, reliable, sustainable and modern energy for all 

No. Indicator field Indicators Targets Status 

7.1.a Resource conservation 
Using resources economically 
and efficiently 

Final energy productivity Final energy productivity to be increased 
by 2.1% per year from 2008 to 2050 

7.1.b Primary energy consumption To be reduced by 20% by 2020 and 50% 
by 2050 compared to 2008 

7.2.a Renewable energy 
Strengthening a sustainable 
energy supply 

Share of renewable energy sources 
in gross final energy consumption 

To be increased to 18% by 2020, 30% 
by 2030 and 60% by 2050 

7.2.b Share of renewable energy sources 
in gross electricity consumption 

To be increased to at least 35% by 2020, 
to at least 50% by 2030, to at least 65% 
by 2040 and to at least 80% by 2050 

Target (almost) reached Developing in the right direction Developing in the wrong direction 

Source: BMUB/Roland Berger (2017) 

Climate Action Plan 2050

The Climate Action Plan 2050, ratified by the German 
government in November 2016, is regarded as a sign
post “pointing the way to a zero-carbon Germany”.16 It 
shows what implementing the Paris Agreement means 
on the national level. Rooted in the long-term aim of 
establishing extensive greenhouse gas neutrality in 
Germany by 2050, the Climate Action Plan formulates 
guiding principles, milestones and measures for the 
following areas: the energy sector, buildings, mobil

-

-

ity, industry and business, agriculture, land use and 
forestry.

The Climate Action Plan adopts the climate change 
mitigation targets resolved by the German government 
in 2010: By 2030, greenhouse gas emissions should have 
been reduced by at least 55 percent compared to 1990 
levels. What gives the Climate Action Plan 2050 a new 
quality, however, is that this overall target has now 
been broken down across individual sectors.

15 See Bundesregierung (eds.) (2017), page 37.
16 See Bundesministerium für Umwelt, Naturschutz, Bau und Reaktorsicherheit (2016b).

Table 2: Excerpt from the system of indicators defined for the German Sustainable Development Strategy15
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Progress has already been made in transforming the 
energy sector, for example by ramping up renewable 
energy. The aim is for this development to continue, 
and for coal-fired power generation to be rolled back 
accordingly.

In the buildings sector, a “roadmap for achieving a 
virtually zero-carbon building stock”17 has been drawn 
up, including measures such as ambitious standards for 
new buildings, long-term strategies for refurbishing 
the building stock and the gradual phase-out of fossil
fuel heating systems. The objective here is to slash 
greenhouse gas emissions in the buildings sector by 
two thirds between now and 2030.

In mobility, the Climate Action Plan 2050 envisages a 
40 to 42 percent reduction in greenhouse gas emissions 
by 2030 (compared to 1990 levels). This target is based 
on a series of measures, including a dedicated concept 
for climate policy in the road transport sector, alter
native drive systems, local public transport and rail 
transport.

In industry and business, the goal is to cut greenhouse 
gas emissions by between 49 and 51 percent by 2030 
(compared to 1990 levels). The German government 
wants to reach this goal with measures such as a re
search, development and market introduction program 
to reduce hitherto unavoidable industrial process 
emissions.

Importance of international and national treaties 
for the German green tech industry

Environmental technology and resource efficiency 
products, processes and services are needed to reach 
the goals defined in the Paris Agreement and the 2030 
Agenda. Logically, therefore, the regulatory frameworks 
and political goals that the individual countries stake 
out to implement climate policy will lead to expansive 
development in the international green tech lead 
markets. In the long run, ambitious climate targets 
could drive investment in technologies to combat 
climate change that is more than a third higher than 
the figure forecast if current efforts to protect the 
climate were maintained.

 

 

 

German environmental technology and resource 
efficiency firms can benefit from this development 
thanks to their experience and strong positioning on 
the international markets. In Europe, tangible growth is 
expected in the lead markets for material efficiency and 
sustainable mobility, for example. In these lead mar
kets, rising market volumes will give German providers 
the chance to sell more of their products and services. 
China’s climate policy ambitions, which target the 
expansion of e-mobility18, improvements in resource 
efficiency and a substantial reduction in CO2 emissions 
in the energy sector, could also open up opportunities 
for foreign trade.

-

Especially in the EU member states, where demand 
is strong, but also in the BRICS countries,19 Germany 
already enjoys a superior market position compared 

to its international competitors. Given this positive 
starting position, there are plenty of reasons why 
German environmental technology providers should 
profit from the expansion of the global green tech lead 
markets.

On the domestic German market, too, it is reasonable 
to expect that the goals set in the Climate Action Plan 
2050 will prompt stronger demand for technologies 
that help curb emissions of greenhouse gases. This has 
to happen if the ambitious climate goals are to be met 
and Germany is to achieve extensive greenhouse gas 
neutrality by 2050.

Measures to attenuate climate change benefit the 
environment, but also generate economic “co-benefits”. 
German green tech providers, for example, benefit 
from growing investment in climate action as  
demand for their products, processes and services in
creases. For companies in other industries, too, the fight 
against climate change is creating opportunities due to 
measures to enhance efficiency, for instance. Improve
ments in energy and material efficiency reduce resource 
consumption, and this is reflected in companies’ cost 
structures. The goals set to reduce greenhouse gases 
promote innovation, as powerful incentives are in place 
to get new technological applications market-ready.

-

-

17  Ibid.
18  See page 49.
19 The abbreviation BRICS stands for Brazil, Russia, India, China and South Africa.

-

-

-
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The effects of climate change can already be felt, and 
Germany is no exception. More and more heat waves 
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and extreme weather events such as torrential rain 
have been recorded in recent years. If no countermea
sures were taken, climate change would have severe 
negative effects on agricultural, forestry and water 
management. This being the case, a commitment to 
climate policy is dictated not only by responsibility for 
the environment, but also by sound economic reason
ing.

-

-

The framework staked out by international and nation
al policy is a key driver of the ongoing expansion of 
green tech markets. In future, however, digitalization 
will be an indispensable aspect of efforts to master the 
complex challenges of climate policy and environment
al protection. If global and national climate and envi
ronmental protection policy endeavors are to succeed, 
there is a need for systemic solutions, data connectivity 
and process automation. In other words, digitalization 
is an enabler for the continued dynamic development 
of environmental technology and resource efficiency as 
a cross-sector industry.

-

-
-

Technologically, green tech is already a well-developed 
growth market in Germany. Innovations in environ
mental technology and resource efficiency are being 
driven increasingly by systemic developments, and less 
by individual components. The practice of joining up 
individual components to form system solutions will 
gain further traction, with digitalization playing a key 
role: In most applications, digitalization creates the 
technological conditions for this connectivity to occur 
in the first place. Digital data, automation, digital user 
interfaces and connectivity encourage investment in 
green tech products that avoid or mitigate environ
mental impacts.

-

-

Increasingly, digitalization and the development of 
innovative technologies are blurring the lines between 
different areas of action in climate and environmental 
protection policy. “Innovations of relevance to the 
climate, such as the development of batteries and other 
ways to store power, are created and further developed 
in both transportation and automotive engineering as 
well as in the energy sector, for example. The advance 
of digitalization will reinforce this trend.”20

20  See Bundesministerium für Umwelt, Naturschutz, Bau und Reaktorsicherheit (2016c), page 60.
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3

-

- The lead markets for environ
mental technology and resource 
efficiency: Current overview
Solutions to preserve our ecosystems
Breaking green technology down into lead markets broadly demarcates 
the environmental technology and resource efficiency industry. Inte
grated environmental technologies are included in our analysis of this 
cross-sector industry. The technologies in the six green tech lead markets 
provide solutions to help preserve ecosystems, but also to help meet the 
fundamental needs of a growing global population.

3
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-

 

At a glance

Environmental technology and resource efficiency is a 
cross-sector industry made up of six lead markets: 
l Environmentally friendly power generation, 

storage and distribution
 

l Energy efficiency
l Material efficiency
l Sustainable mobility
l Waste management and recycling
l Sustainable water management

These lead markets seek to answer one key ques
tion: How can the basic needs of a growing global 
population be met without destroying the ecological 
foundations for life on planet Earth?

-

The breakdown into lead markets creates a consistent 
framework for analyzing the environmental technolo-

gy and resource efficiency industry. Two subdivisions 
– market segments and technology lines – lay the 
basis for more granular analysis. The technology lines 
include products, processes and services and are the 
smallest unit in our breakdown. They are grouped to
gether from the bottom up to form market segments.

-

The lead market approach facilitates comprehensive 
analysis of the cross-sector industry for environment
al technology and resource efficiency, both with a 
view to the global market and focusing specifically on 
the German market. At the same time, it highlights 
the close links that exist between environmental 
technology and resource efficiency and the traditional 
branches of industry.

-

Various studies have already analyzed the economic 
significance of environmental protection and climate 
action. Since these publications are based on an array of 
differ-ent questions, however, they also vary in terms of 
the methodologies adopted.1 

Our series of GreenTech publications, launched in 
20072,builds on a concept of lead markets that broadly 
carves up the environmental technology and resource 
efficiency sector.

To master the global ecological challenges we face, we 
must look beyond the traditional definition of “envi
ronmental protection products” and also take account 
of both environmentally friendly innovations and new 
technologies that ease the burden on nature.

-

The green tech lead market approach factors integrated 
environmental technologies into the analysis, which 
also takes needs (such as mobility and the supply of 

water) into consideration along with the sustainable 
satisfaction of these needs.

A large share of the 17 Sustainable Development Goals 
documented in the 2030 Agenda (see Chapter 2) are 
closely related to the various dimensions of environ
mental technology and resource efficiency. Many of 
these goals can be met only with the aid of products, 
processes and services from the green tech industry. 
Examples include clean water and proper sanitation, 
affordable and clean energy, sustainable cities and 
communities, sustainable consumption and produc
tion, measures to mitigate climate chance and steps to 
protect both marine life and terrestrial life.

-

-

The six lead markets for environmental technology and 
resource efficiency thus span core areas that address 
a key question: How can the basic needs of a growing 
global population be met without destroying the ecolo
gical foundations for life on planet Earth?

-

1 For example, Federal Environment Agency studies of “Environmental Protection as an Economic Factor” have drawn on a variety of 
indicators for production and revenue, international trade, patents and public research spending to investigate the importance of 
environmental protection as an economic factor in Germany and in international comparison. The studies are based on sources such 
as production statistics, which permit international comparison that is rooted in exact data material. See Umweltbundesamt/Bundes
ministerium für Umwelt, Naturschutz, Bau und Reaktorsicherheit (eds.) (2014).

2 See Bundesministerium für Umwelt, Naturschutz und Reaktorsicherheit (eds.) (2007), Bundesministerium für Umwelt, Naturschutz und 
Reaktorsicherheit (eds.) (2009a), Bundesministerium für Umwelt, Naturschutz und Reaktorsicherheit (eds.) (2012), Bundesministerium 
für Umwelt, Naturschutz, Bau und Reaktorsicherheit (eds.) (2015c).

At a glance

l 

l 
l 
l 
l 
l 



26 GreenTech made in Germany 2018

Based on this conceptual premise, we have broken 
environmental technology and resource efficiency 
industry – a cross-sector industry – down into six lead 
markets:  
l Environmentally friendly power generation, storage 

and distribution
l Energy efficiency
l Material efficiency
l Sustainable mobility
l Waste management and recycling
l Sustainable water management

-

-

-

-

-

-

- 

-

Green tech lead markets

Key areas of environmental technology and 
resource efficiency are referred to as lead mar
kets. The technologies subsumed under these 
lead markets provide solutions to help preserve 
ecosystems, but also help to meet fundamental 
human needs. This approach is also reflected in 
the political core messages that were distilled 
into the primary goals of the 2030 Agenda.3

-

Now well established, the lead market approach 
facilitates comprehensive analysis of the cross-sector 
industry for environmental technology and resource 
efficiency from both the national and global perspec
tives. Integrated environmental protection products, 
processes and services can be incorporated in this 
industry analysis – a vital consideration, given the 
growing importance of these integrated technologies. 
At the same time, this approach highlights the close 
links that exist between environmental technology 
and resource efficiency and the traditional branches of 
industry. In some cases, there are substantial overlaps 
with key industries such as electrical, mechanical, plant 
and automotive engineering, as well as the chemical 
sector. These overlaps and touchpoints are indeed what 
identify environmental technology and resource effici
ency as a typical cross-sector industry.

The lines between the lead markets are, of course, not 
intended as a hermetic partitioning system. Approa
ches that transcend the boundaries of individual lead 
markets are of great significance, especially as system 
solutions grow in importance. One example is an 
integrated view of the electricity, heating and mobility 
sectors.

The breakdown into lead markets creates a consistent 
framework for analyzing the environmental technolo
gy and resource efficiency industry. At the same time, 
this framework alone is too general to permit a detailed 
study and presentation of the many and varied trends 
and dynamics in the green tech industry. That is why 
we have added two subdivisions – market segments 
and technology lines – as the basis for more granular 
analysis. The resultant three-tiered structure facili
tates in-depth analysis at varying levels of abstraction. 
The big picture – a panorama of the whole branch of 
industry and its lead markets – highlights the main 
developments in the green tech industry today and the 
outlook for the future (see “Methodology: The basis for 
our market forecasts” on page 35). 

Technology lines are the smallest unit in our break
down. As such, they serve as the basis for segmentation 
of the environmental technology and resource efficien
cy industry. The term “technology line” includes 
products, processes and services. Technology lines are 
grouped together from the bottom up to form market 
segments, which, in turn, lay the foundation for the 
lead markets. Figure 1 shows which market segments 
are assigned to each of the six lead markets for envi
ronmental technology and resource efficiency. The 
remainder of this chapter then takes a closer look at the 
segmentation of the individual lead markets.

3 See General Assembly of the United Nations (2015), page 2. 

Green tech lead markets
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Figure 1: The six lead markets for environmental technology and resource efficiency and their market segments

1 
Environmentally friendly power 
generation, storage and 
distribution 

•  Renewable energy
•  Ecofriendly use of fossil fuels
•  Storage technologies
•  Efficient grids

2 
Energy efficiency 

•  Energy-efficient production processes
•  Energy-efficient buildings
•  Energy-efficient appliances
•  Cross-sector components

3 Material 
efficiency 

•  Material-efficient processes
•  Cross-application technologies
•  Renewable resources
•  Protection of environmental goods
•  Climate-adapted infrastructure

4 Sustainable 
mobility 

•  Alternative drive technologies
•  Renewable fuels
•  Technologies to increase efficiency
•

 
Transportation infrastructure and traffic 
management

5 Waste management 
and recycling 

•
 

Waste collection, transportation and 
separation

•  Material recovery
•  Energy recovery
•  Landfill technologies

6 Sustainable water 
management 

•  Water production and treatment
•  Water system
•  Wastewater cleaning
•  Wastewater treatment methods
•  Efficiency gains in water usage

Source: Roland Berger (2017) 

 

Figure 1: The six lead markets for environmental technology and resource efficiency and their market segments
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-

-
-

-

The lead market for environmentally friendly power generation, 
storage and distribution

 

Global energy consumption stood at 13,276.3 million 
TOE4, a good one percent more than in the previous 
year.5 Yet many millions of people around the world 
are still forced to live without electricity. This failing is 
addressed by SDG 7 in the 2030 Agenda, which de
mands that we “Ensure access to affordable, reliable, 
sustainable and modern energy for all”.6 

In light of global population growth and ongoing 
industrialization in emerging countries, demand for 
energy will continue to increase around the world. In 
its “New Policies Scenario”, the International Energy 
Agency (IEA) predicts that global demand for energy 
will rise by roughly one third by 2040.7 This prediction 
is based on the assumption that 9.2 billion people will 
inhabit the planet in 2040 (2015: 7.2 billion).

Fossil fuels currently dominate the world’s primary 
energy mix. Oil, gas and coal together account for 85 
percent of primary energy consumption worldwide.8 
The energy industry is thus responsible for around two 
thirds of global greenhouse gas emissions9 – a statistic 
that underscores the key role played by the energy 
sector in the fight against global warming. In its latest 
World Energy Outlook, the IEA writes that: “The Paris 
Agreement on climate change, which entered into 
force in November 2016, is at its heart an agreement 
about energy.”10 It adds that a transformative change in 
the generation of power and heat is essential to reach 
the objectives of the Paris Agreement.

There are four key levers to decarbonize11 the energy 
sector: (1) improving energy efficiency12, (2) increasing 
the use of renewable energy sources, (3) reducing re
source consumption and (4) reducing harmful emissi
ons from the use of fossil fuels.

In recent years, efforts to increase the use of renewable 
energy have made progress that, in the past, would 
have been consigned to the realms of science fiction. 
The global installed capacity of plants using renewable 
energy was 921 gigawatts in 2016. 176 countries have 
signed up to the goal of expanding renewable energy 
and backed these plans with concrete development 
mechanisms.13 In its “New Policies Scenario”, the IEA 
reckons that, by 2040, renewable energy will account 
for 37 percent of the world’s gross electricity genera
tion.14

4 TOE = tonne(s) of oil equivalent: a unit of measurement for the energy contained in energy resources, or for energy consumption. 
1 kilogram of oil equivalent (KGOE) = 41,868 joules = 11.63 kW. A tonne of oil equivalent (TOE) is equal to 1,000 KGOE.

 

5 See BP Statistical Review of World Energy June 2017, page 8. 
6 See General Assembly of the United Nations (2015), page 15. 
7 See International Energy Agency (2016a): World Energy Outlook. Summary, page 1.   
8 See BP Statistical Review of World Energy June 2017, page 9. 
9 See International Energy Agency (2016a), page 1. 
10 Ibid. 
11 The term “decarbonization” stands for the increasing use of low-carbon energy sources. In the long term, decarbonization means 

reducing or abandoning the use of fossil fuels that harm the environment. See Bundesministerium für Umwelt, Naturschutz, Bau und 
Reaktorsicherheit (2016c), page 21 and page 64.

 

12 Since energy efficiency is a lead market in its own right, it is not discussed further at this point. 
13 This figure does not include hydroelectric power generation. If hydropower plants were also taken into account, the installed capacity 

of plants using renewable energy would be 2,017 gigawatts (see REN 21 Renewable Energy Policy Network for the 21st Century (2017), 
page 21).

 
 

14 See International Energy Agency (2016a), page 5.
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Coal, gas and oil will continue to play a major role in the 
global energy mix in the decades to come. This being 
the case, technologies that support the withdrawal from 
fossil fuels, promote the use of renewable energy sour
ces and minimize resource consumption and harmful 
emissions in fossil-based power generation on an in
ternational level – thereby reducing the environmental 
impact of the use of fossil fuels – are absolutely essential 
in the medium and long term.

-

-

Germany’s climate policy likewise focuses on the 
energy sector, which accounts for nearly 39 percent of 
total emissions (2015).15 In 2016, renewable energy’s 
share of gross electricity generation was 29 percent.16 
Thanks to the stepped-up the use of renewable energy 
sources and improved energy efficiency, greenhouse 
gas emissions from the country’s energy sector have 
declined considerably in the past few decades, falling by 
26.5 percent between 1990 and 2016.17

 

Ways to enhance flexibility are an essential precondi
tion for the decarbonization of the energy sector. If the 
share of renewable energy sources such as photovol
taics and wind power is increased, load management 
too must be improved and substantially more energy 

-

-

storage capacity must be made available. Fluctuations 
in the power fed into the grid from renewable sources 
makes it more challenging to keep the grid stable by 
maintaining an equilibrium state between the supply of 
and demand for electricity. Advances in storage techno
logies should enable temporary surpluses in the supply 
of or demand for electricity from renewable sources to 
be absorbed, while also allowing electricity from renew
able sources to be used across sectoral boundaries.
The challenges that lie along the path to a resource-
friendly and climate-compatible energy supply break 
down into four areas where action is needed: renewable 
energy, the ecofriendly use of fossil fuels, storage tech
nologies and efficient grids. These areas also constitute 
the eponymous market segments in the lead market for 
environmentally friendly power generation, storage and 
distribution (see Figure 2).

-

-

-

15  See Bundesministerium für Umwelt, Naturschutz, Bau und Reaktorsicherheit (2017b), page 27. 
16  See Bundesministerium für Wirtschaft und Energie (2017a). 
17 See Bundesministerium für Umwelt, Naturschutz, Bau und Reaktorsicherheit (2017c), page 28.

Figure 2: Market segments and key technology lines in the lead market for environmentally friendly power generation, 
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The lead market for energy efficiency

Energy efficiency is a key tool to reduce greenhouse gas 
 emissions. Every kilowatt-hour that is not consumed 
does not have to be generated in the first place. In the 
29 member states of the International Energy Agency 
(IEA), energy efficiency improved by 14 percent 
between 2000 and 2015. In 2015 alone, that saved 450 
million tonnes of oil equivalent worldwide18 – a figure 
that roughly equates to Japan’s total primary energy 
consumption in the same year.19 In addition, scaled
back energy consumption saved the world about 
540 billion US dollars in energy spending.20

-
 

Notwithstanding, the rate at which energy efficiency is 
improving is not enough to make an adequate contri
bution to a sustainable, climate-friendly energy sector 
on a global scale. The IEA believes that around two 
thirds of existing potential to increase energy efficiency 
still remains untapped.21

-

Improving energy efficiency is very high on the energy 
and climate policy agenda in Europe. “Efficiency first” 
was the motto under which the European Union 
updated its Energy Efficiency Directive in November 
2016. Between now and 2030, the aim is to improve 
energy efficiency in the EU’s member states by 30 per
cent. To put that another way: Nearly a third less energy 
should be consumed than in a benchmark scenario 
that takes no account of energy efficiency measures.

 

-

-

-

Energy efficiency

Energy productivity (economic output per unit 
of energy required) and energy intensity (energy 
required per unit of economic output) are used as 
indicators of energy efficiency. To increase energy 
productivity or reduce energy intensity is to wean 
economic growth off its dependency on energy 
consumption and is thus a precondition of sustain
able growth. In other words, the aim must be to 
add as much value as possible with as little energy 
as possible.

-

Final energy productivity is used in Germany as one 
of several sustainability indicators. In the period from 
2008 through 2050, the objective is to increase final 
energy productivity by 2.1 percent a year. Calculations 
by the Federal Statistical Office point to a 9.3 percent 
increase in final energy productivity in the years from 
2008 through 2015. That works out at an average an
nual gain of 1.3 percent – a positive trend, but still not 
enough.22

To further improve energy efficiency, a strong focus 
will be placed on the four areas of action that together 
make up the lead market for energy efficiency. The 
structure of the market segments in this lead market 
reflects those consumer groups that harbor the greatest 
potential for energy savings: industry, commerce, the 
service sector and the real estate industry (see Figure 3). 
The market segment for energy-efficient production 
processes concentrates on the core processes in a 
variety of industries. With this central focus, it offers 
companies ways to optimize their processes and there
by reduce their energy consumption. The technology 
lines in this segment (see Figure 3) cover important 
industries such as basic chemicals, retail and logistics, 
automotive engineering, food production, the metal 
production industry, metalworking, and paper and 
cardboard manufacturing.

18 See International Energy Agency (2016b), page 13.
19 See BP Statistical Review of World Energy June 2017, page 9.
20 See International Energy Agency (2016b), page 13. 
21 Ibid. 
22 See Statistisches Bundesamt (2017a), page 47. 
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Figure 3: Market segments and key technology lines in the lead market for energy efficiency

-
-

 
 

-
-

-
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Saving energy in the building sector is another essen
tial element in efforts to reduce both energy consump
tion and greenhouse gas emissions. Energy-efficient 
buildings constitute a separate market segment 
comprising four main technology lines: efficient 
heating, ventilation and air-conditioning (HVAC) 
systems, building automation, thermal insulation, and 
passive houses/PlusEnergy houses.

An additional market segment covers energy-efficient 
appliances. The focus here is on ways in which compa
nies and private consumers can save energy in the op
eration of electrical appliances. The latter break down 
into white goods, consumer electronics, lighting, and 
information and communication technology (green IT).

The market segment for cross-sector components 
groups together technology lines that help companies 
in any industry to save energy in what can be referred 
to as auxiliary production processes.23 Electric drive 
systems, compressors, compressed air and vacuum 
technology, pump systems, process control instrumen
tation, ventilators, heat exchangers and measurement 
and control instrumentation all belong to this segment.

23 The auxiliary processes are also referred to as production subsystems.
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Goals and measures defined in Germany’s National Action Plan on Energy Efficiency 
(NAPE) (2014)24

Taking 2008 as the base year, primary energy consumption in Germany is to be reduced by 20 percent by 2020 
and 50 percent by 2050. By 2020, final energy consumption for heating is to be 20 percent lower, while power 
consumption and final energy consumption in the transportation sector is to be 10 percent lower, again 
relative to 2008 as the base year.25

 

To meet these targets, the NAPE contains a series of measures with varying time frames:
l Quality assurance and optimizing existing federal energy consulting
l Upgrading the KfW development bank’s CO2 Building Renovation Program and improving KfW’s Energy 

Efficiency Programs to promote corporate investment in energy-efficient technologies
l Introducing “STEP up!” as a competitive tendering model for energy efficiency
l Launching the Energy Efficiency Networks Initiative
l Compelling non-SMEs to conduct energy audits in accordance with DIN EN 16247-1 and to repeat them 

every four years
l Passing the “Energy Transition Digitalization Act“, which did indeed come into force on August 29, 2016 

and which now governs regulations and obligations concerning the introduction of smart measuring sys
tems on the part of both energy producers and consumers26

-

l Promoting energy performance contracting
l Establishing a national energy efficiency label for heating installations etc.

24 See Bundesministerium für Wirtschaft und Energie (2017b), page 9.
25 See Bundesministerium für Wirtschaft und Energie (2017c), page 4. 
26 Came into force on August 29, 2016.

l 
l 

l 
l 
l 

l 

l 
l 

Goals and measures defined in Germany’s National Action Plan on Energy Efficiency 
(NAPE) (2014)24
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The lead market for material efficiency

In 2017, what is known as Earth Overshoot Day came 
on August 2. Every year, the Global Footprint Network 
organization works out the date on which humanity 
overdraws its resource account for that year – the date 
by which we have used more of the Earth’s resources 
than are theoretically available to meet the needs of 
the world’s population in that year. The calculation is 
based on humanity’s ecological footprint; and by this 
measure, we would currently need 1.7 Earths to satisfy 
our need for resources.27 If our consumption of raw 
materials continues to increase unbridled, we will need 
two planet Earths a year by 203028 – which will over
stretch the capacity of our ecosystems.

There are a number of reasons why the consumption 
of raw materials is increasing worldwide. Population 
growth, the spread of resource-intensive patterns of 
consumption and industrialization in many emerging 
nations are keeping demand for raw materials at a high 
level.

Statistically, every person in Germany consumes more 
than 16 tonnes of metal, concrete, wood and other mate
rials every year. That is 44 kilograms a day. The figures 
for the UK and France are similar. In Japan, consump

tion of raw materials is about a third lower. Australia 
consumes about three times as much raw material per 
capita as Germany.29

Cultivating an efficient and environmentally friendly 
approach to raw materials is one of the keys to the 
sustainability of our economic and social systems. Due 
consideration must also be given to the scarcity of 
resources, the need to protect the environment and the 
need to curb climate change.

The term “resource scarcity” is interpreted incorrect
ly almost as frequently as it is used. It is not usually a 
reference to physical scarcity, where deposits of certain 
raw materials are nearing exhaustion: It is rather taken 
to mean relative scarcity, which arises from “geological, 
technical, structural, geopolitical, socioeconomic and 
ecological contribution factors” in relation to given 
demand.30 Relative scarcity is determined by means of 
criticality analyses. On this basis, organizations such 
as the European Commission and Germany’s Federal 
Institute for Geosciences and Natural Resources (BGR) 
publish lists of critical raw materials for the European 
and German economies respectively.

27 See Earth Overshoot Day (2017).
28 See World Wildlife Fund (2017). 
29 See Umweltbundesamt (2016a), page 47. 
30 Ibid, page 11. 
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Figure 4: Market segments and key technology lines in the lead market for material efficiency
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The world’s voracious appetite for raw materials places 
a heavy burden on the environment. The ecological 
consequences of extracting and processing raw mate
rials are immense. Mining raw materials mostly does 
serious damage to nature and the countryside, as well 
as posing health risks to people in the regions affected. 
Substantial volumes of greenhouse gases are released 
into the atmosphere during the extraction, transporta
tion and processing of raw materials.

-

-

Both ecological and economic arguments are compel
ling us to wean economic development off the con
sumption of raw materials and, in so doing, to minimize 
the harmful environmental impacts that accompany 
the extraction of raw materials. In this context, improve
ments to material efficiency must make a major con
tribution. This fact is mirrored in material productivity, 
which is another of the indicators in Germany’s Sustain
able Development Strategy. Back in 2015, the German 
government launched its resource efficiency program 
ProgRess to underscore its commitment to the goal of 
raising material productivity. In the years from 2000 to 

-
-

-
-

-

2010, material productivity increased by an average of 
1.5 percent per year. This trend is continuing.31

The lead market for material efficiency encompasses 
technologies and methods that reduce the consump
tion of non-energy resources (metals such as iron and 
copper and non-metallic resources such as minerals, 
for example) and materials.32 Resource efficiency is the 
overriding theme in both energy efficiency and materi
al efficiency. The technologies and methods employed 
in achieving energy efficiency constitute a lead market 
in their own right. Resource efficiency refers to efficien
cy in extracting raw materials, while material efficiency 
means efficiency in processing them. The production 
of goods in industry and commerce is the principal 
arena in which the technologies in this lead market are 
applied (see Figure 4).

-

-

-

31 See Statistisches Bundesamt (2017a), page 52f.
32 Resources used for food production and water management are not taken into account in this lead market.

The market segment for material-efficient processes 
takes examples from various industries to show how 
companies can both cut costs and protect the envi
ronment. In the market segment for cross-application 

-
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Figure 4: Market segments and key technology lines in the lead market for material efficiency
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technologies, biotechnology, nanotechnology and 
organic electronics are described insofar as they apply 
to material efficiency. Cross-application technologies 
is the name given to technologies that are relevant to 
a wide range of industries rather than to one specific 
industry: Biotechnology, nanotechnology and organic 
electronics all fit into this category. All three are key to 
the ongoing development of material-efficient pro
ducts and processes.

-

Renewable resources constitute the third segment 
of this lead market. Replacing finite fossil resources 
with renewable resources plays an important part in 
fostering the sustainable use of resources. Accordingly, 
technology lines such as feedstock for the chemical 
industry and natural cosmetics have been assigned to 
this market segment. These technology lines include 
products and processes that help industry move away 
from oil and toward renewable resources. The natural 
cosmetics technology line includes cosmetic products 
that are produced using renewable resources. One 

distinctive feature of natural cosmetics is that they 
contain no paraffin, silicones or any other petroleum-
based products.

The relationship between growing demand for raw ma
terials, the increasing extraction thereof and the resul
tant risks and damage to ecosystems is the conceptual 
basis on which we decided to include the protection 
of environmental goods as a separate market segment 
in the lead market for material efficiency. This market 
segment also covers the renaturation of sites adversely 
affected by raw material extraction, alongside environ
mentally friendly methods of extracting raw materials. 
The market segment for climate-adapted infrastructure 
encompasses technologies that are used for protection 
from storms, heat, fire and flooding. The basic idea is 
that preventing damage caused by extreme weather 
events not only protects human life, but also helps to 
attenuate demand for materials by safeguarding 
buildings and infrastructure.

-
-

-
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The lead market for sustainable mobility

The world’s roads are set to become ever more con
gested. Vigorous expansion in the transport sector is 
anticipated in the decades ahead. In terms of passenger 
kilometers, global transportation will probably more 
than double between 2015 and 2050. Freight volumes 
are likely to more than triple in the same period. In 
2050, around 2.4 billion vehicles are expected to be in 
circulation worldwide – up from the one billion ve
hicles counted in 2015.33 

This forecast was published by the International Trans
port Forum (ITF) in its “Transport Outlook 2017”. This 
annual publication analyzes the trends that are shaping 
the global transport sector. As far as the need to 
mitigate climate change is concerned, the prospects 
are alarming: If nothing is done to counter this develop
ment, greenhouse gas emissions from the transport 
sector could leap by as much as 60 percent by 2050.34 
Any such course of events would be a setback for the 
climate. As things stand, the transport sector accounts 
for 24 percent of the world’s CO2 emissions.35 That 
figure is about 20 percent in Europe and 18 percent in 
Germany.36, 37  

Extremely heavy dependency on oil is still largely 
responsible for the greenhouse gas emissions caused 
by the transport sector and the damage they do to the 
climate. Data from the International Energy Agency 
(IEA) puts oil’s share of final energy consumption in 
the global transport sector at 93 percent.38 Europe is no 
different: Here, oil meets 96 percent of the transport 
sector’s demand for energy. It is the key resource for 
the continent’s mobility.

If we are to have any chance of winning the fight 
against global warming, greenhouse gas emissions 
from the transport sector must be reduced. By 2050, the 
EU must slash traffic-related emissions by at least 60 
percent compared to 1990 if it is to achieve its climate 
policy targets. “We need to both accelerate innovation 
and make radical policy choices to decarbonize trans
port,” said José Viegas when presenting the Transport 
Outlook 2017.39 This appeal is directed equally to 
Germany, where the transport sector must make an 
ambitious contribution if national climate action 
targets are to be met. The Climate Action Plan 2050 
states that the transport system in Germany should 

33 See International Transport Forum (2017a). 
34 Ibid. 
35 See International Energy Agency (2016c), page 97.  
36 See Eurostat (2017).  
37 See Bundesministerium für Umwelt, Naturschutz, Bau und Reaktorsicherheit (2016d), page 30. 
38 See International Energy Agency (2017).  
39 See International Transport Forum (2017b).
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be virtually decarbonized – free from dependency 
on fossil fuels containing carbon, and hence largely 
greenhouse-gas-neutral – by 2050. As a milestone along 
the road to this target, the aim is to reduce greenhouse 
gas emissions in the transport sector to between 95 and 
98 million tonnes of CO2 equivalent by 2030. To put 
that in perspective: The figure for 2014 was 160 million 
tonnes of CO2 equivalent.40

 
The increase in traffic, especially on the roads, harms 
more than just the environment: Particulates, nitrogen 
oxide and traffic noise also endanger human health, 
above all in urban areas. Around the globe, air pollu
tants cause the death of more than 3.5 million people 
a year.41 The number of these deaths rose by 4 percent 
between 2005 and 2010 – a trend due in part to the 
worsening smog issue in China and India. In Germa
ny, particulates are responsible for 42,000 premature 
deaths and over 300,000 years of lost health.42

-

-

Against a backdrop of climate policy and environmental 
pollution, it is clear that the transport sector needs 
to chart a new path. There is no question that mobility 
is a basic human need and the foundation for com
plex modern national economies. By the same token, 
however, there is no question that mobility must be 
made sustainable. Fundamentally, the issues at stake 
are minimizing the damage to people and the environ
ment and ensuring that growing traffic volumes do not 
inexorably increase traffic-related energy consumption 
and greenhouse gas emissions.

 

-

-

In conjunction with the ongoing digitalization of  
the transport sector, new technologies create the 
opportunity to shape mobility in a way that is kinder 
to the climate and to the environment. “Technological 
progress can deliver around 70 percent of potential 
CO2 reductions through 2050. Reductions beyond that 
demand a new approach to mobility. In this area, there 
is still plenty room for maneuver. We need to do a lot 
more thinking about things like ’shared mobility’, 
modified logistical chains and even new modes of 
transport,” stresses ITF Secretary General José Viegas.43 

Trusting to technological solutions alone will not 
be sufficient to carry a sustainable mobility trans
formation, though. Additional incentives and a more 
conducive framework are also needed if people are 
to change their individual mobility habits. Examples 
include attractive local public transport offerings and 
an approach to urban planning and infrastructure that 
breaks out of the car-centric mindset.

 
-

Sustainable transformation of the transport sector 
demands an integrated approach that combines traffic 
reduction, shifting traffic to climate-friendly modes 
of transport and improving efficiency in order to curb 
emissions. It is not just about substituting combus
tion engines with alternative drive systems such as 
e-mobility: The aim must be for sustainable urban and 
regional development to shape individual mobility 
for people and goods without leading to an inevitable 
increase in motorized road traffic. These challenges 
are the central areas where action is needed in the lead 
market for sustainable mobility, which breaks down 
into four market segments.

-

The market segment for alternative drive technologies 
comprises electric, hybrid and fuel cell drive systems 
(see Figure 5). As these technologies develop, penetrate 
the market and increasingly present genuine alternati
ves to conventional combustion engines, this will 
help decarbonize the transport sector and roll back 
dependency on oil-based fuels. The technology lines in 
the alternative fuels market segment serve the same goal.

-
 

 

Meanwhile, combustion engines must become more 
efficient if CO2 emissions are to be minimized in the 
transport sector. The products and technologies needed 
to do so are subsumed under the market segment for 
technologies to increase efficiency.

In the market segment for transportation infrastruc
ture and traffic management, innovative measures and 
technologies will reduce mobility-related emissions. 
Smart transportation concepts that link up individual 
modes of transport have an important part to play here.

-

40 See Bundesministerium für Umweltbau, Naturschutz, Bau und Reaktorsicherheit (2016b). 
41 See Organisation for Economic Co-operation and Development (2014).  
42 Ibid. 
43 See International Transport Forum (2017b). 
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Figure 5: Market segments and key technology lines in the lead market for sustainable mobility
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The lead market for waste management and recycling

Around the globe, piles of waste are swelling to become 
gigantic mountain ranges. If concerted action is not 
taken, humanity will be producing 11 million tonnes 
of waste per day in 2100, according to the “business 
as usual” scenario outlined in the World Bank’s study 
What a Waste: A Global Review of Solid Waste Manage
ment.44 The volume of waste is unequally distributed 
around the world. Most of it is produced in the indus
trialized nations of Europe and North America, and 
there are signs that the volume of waste will increase as 
many emerging countries press ahead with economic 
development. The authors of the World Bank study 
expect waste production in the OECD countries to peak 
in 2050. The quantity of waste in East Asia will probably 
peak in 2075.

The rule of thumb is that waste volumes tend to be 
higher in largely urban regions. To remove the 
waste amassed every day in our cities, a convoy of 
5,000 trucks would need to roll up.45

The World Bank study puts spending on waste man
agement at 205 billion a year US dollars. Yet the growing 
mountains of waste exact a heavy toll not only in 
economic terms, but also on the environment. In most 
emerging nations, the infrastructure for waste disposal 
is inadequate or simply non-existent. Unregulated stor
age, illegal dumping and open-air incineration create 
significant environmental pollution and pose serious 
health risks. Contamination of the soil, groundwater 

and surface water damages ecosystems. The inappro
priate treatment and dumping of waste also has severe 
repercussions for the climate. The fermentation of 
organic matter creates landfill gases that contain 
methane, which is harmful to the climate.

To keep the waste heaps from reaching to the skies, 
waste management and recycling must be ramped up 
around the globe. Two aspects are key: waste avoid
ance and the recovery of reusable materials.46 By 
fostering the reuse of waste, the lead market for waste 
management and recycling has the potential to reduce 
inputs of primary raw materials and the burden on the 
environment associated with their extraction. The tre
mendous importance of waste avoidance and recycling 
is mirrored in the ideal of the full-cycle concept. This 
model of closed material cycles follows the principles 
seen in natural ecosystems that produce no waste, 
instead converting all materials into reusable resources.

Further recycling options must be further developed 
to scale back demand for primary raw materials, but 
not only in light of ecological considerations. Waste 
management and recycling is also a powerful tool to 
lessen the impact of scarcity and volatile prices on 
the raw material markets. There are sound econo
mic reasons, too, why this should be done: The Ger
man economy is heavily dependent on raw material 
imports. And for industrial companies in particular, 
highly volatile prices on the raw material markets are a 
major headache. Beyond that, numerous raw materials 
are also exposed to significant procurement risks: The 
list of raw materials published in 2016 by the German 
Mineral Resources Agency (DERA) affirmed that 114 of 
the 300 raw materials examined were subject to “high 
potential procurement risks” due to the concentration 
of supply and enhanced country risks.47 DERA warns 
that: “The distortion of competition, trade conflicts, 
speculation, political measures or natural disasters can 
quickly transform potential procurement risks into real 
pricing and delivery problems.”

44 See World Bank (2013). 
45 Ibid. 
46 See Bundesministerium für Umwelt, Naturschutz, Bau und Reaktorsicherheit (2016e), page 8.
47 See Deutsche Rohstoffagentur (2017). 

The guiding principles established for waste ma
nagement and recycling map out a five-tiered waste 
hierarchy with the following priority order: preven
tion, preparation for reuse, recycling, other recovery (in 
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particular energy recovery) and disposal. Precedence is 
given to the best option in light of environmental con
siderations, although ecological, technical, economic 
and social consequences must also be analyzed. This 
waste hierarchy is anchored in the EU’s Waste Frame
work Directive (Directive 2008/98/EC). In Germany, 
this directive was translated into national law by the 
Waste Management and Recycling Act (KrWG), which 
came into force in 2012, superseding the Recycling and 
Waste Act (KrW/AbfG) ratified in 1996.

In charting this regulatory course, Germany was quick 
to adopt a rigorous waste management and recycling 
policy. It thus succeeded in severing the ties that bound 
the trend in waste volumes to economic output. The re
levant indicator here is waste intensity,48 which fell by 
25.9 percentage points in the period from 2000 through 
2015.49 Recycling rates, too, have improved continu
ally. A single example suffices to illustrate the point: In 
1990, 87 percent of household waste was declared to be 
residual waste. Only 13 percent was treated as reusable 
materials (biodegradable waste, glass and paper). By 
2013, this ratio had experienced a radical shift: Of the 
43.9 million tonnes of household waste recorded in 
this year, 15.3 million tonnes (35 percent) ended up 
as residual waste, while 28.6 million tonnes of bio
degradable waste, glass, paper and packaging waste 
found its way into recycling bins.50

The above waste hierarchy creates a framework within 
which to identify distinct market segments in the 
lead market for waste management and recycling (see 
Figure 6). The services and infrastructures subsum
ed under the market segments for waste collection, 
transportation and separation lay the foundation for 
waste management and recycling. The market seg
ment for material recovery comprises the technology 
lines for mechanical recycling and feedstock recycling. 
Mechanical recycling refers to recycling processes in 
which the materials and their chemical structure are 
not altered. One example is the remelting of plastic 
waste to produce granulate. Feedstock recycling treats 
substances in a way that changes their chemical struc
ture – deriving oils, waxes and gases from plastic waste, 
for example.

One widespread form of energy recovery is thermal 
waste treatment, which involves incinerating waste and 
using the energy released by this process to supply heat 
and generate power. The use of organic waste in biogas 
plants is another variation on the same theme.  
Waste that is not suitable for material or energy recove
ry must be disposed of in an environmentally friendly 
manner. The landfill technologies market segment 
brings together those technology lines that serve this 
purpose.

48 Waste intensity is defined as the ratio of the total waste volume to gross domestic product.
49 See Umweltbundesamt (2017b).  
50 See Bundesministerium für Umwelt, Naturschutz, Bau und Reaktorsicherheit (2016e), page 12.  
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Figure 6: Market segments and key technology lines in the lead market for waste management and recycling
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-

The lead market for sustainable water management

Clean water and access to sanitation for all is one of 
the stated aims of the 2030 Agenda. Yet today, nearly 
750 million people do not have access to clean water, 
and around 2.5 billion people have to get by with only 
inadequate sanitation or none at all.51

Sustainable Development Goal 6 explicitly addresses 
the quality and management of global water resources: 
“Water and sanitation are at the very core of sustainable 
development, critical to the survival of people and the 
planet.”52 Water plays a vital role for humanity: Food, 
health, the environment and economic development all 
depend on a sufficient supply of good quality water.  
Yet a sufficient supply of good quality water is precisely 
the issue at stake in many of the world’s regions. Taken 
together, population growth, rising incomes and urba
nization are driving up global demand for water. Since 
1980, the water extraction volume has increased by 
one percent per year.53 And then there are the effects of 
climate change to contend with: Global warming will 
affect the availability of water in many regions of the 
world. At the same time, extreme weather events such 
as heat waves and torrential rain will be more frequent 

and more intense. This in turn will have consequences 
for the water supply.

Agriculture accounts for the largest share of water 
use (70 percent) in the world.54 As demand for food 
increases in line with a growing global population, the 
proportion of irrigated farmlands will likewise rise. 
That will place an added burden on the water balance 
and/or lead to water shortages in the regions affected.

These developments do not bode well: “If current water 
management policies persist, and climate models prove 
correct, water scarcity will proliferate to regions where 
it currently does not exist, and will greatly worsen 
in regions where water is already scarce. […] Reduced 
freshwater availability and competition from other 
uses – such as energy and agriculture – could reduce 
water availability in cities by as much as two thirds by 
2050, compared to 2015 levels.”55 In a business-as-usual 
scenario, the discrepancy between global demand for 
water and the global supply of water will stand at 40 
percent.56

51 See Welthungerhilfe (2017a). 
52 See United Nations, Department of Economic and Social Affairs (2017). 
53 See UNESCO (2016), page 3. 
54 See UNESCO (2015), page 11. 
55 World Bank (2016), page 1. 
56 See UNESCO (2015), page 11. 
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Declining water supplies are already causing some 
countries to suffer. The US state of California has been 
plagued by a five-year drought that ended abruptly 
with extremely heavy rains in February 2017. In April 
2016, Chinese news agencies reported that provinces 
in the north of the country were experiencing a severe 
drought. Around 200,000 farmers and 80,000 large 
animals were suffering from a lack of drinking water.57 
Even Brazil, a country with one of the most plentiful 
supplies of water in the world, was struck by a water 
crisis in 2015 that led to the “blue gold” being rationed 
in some cities.58

Ensuring a reliable water supply is not only a question 
of quantity, but also of quality. In many places, the 
pollution of water resources exacerbates the problem 
of supply. Fertilizers and pesticides produce pollutants 
that pass into groundwater, for example. In emerging 
countries, as much as 90 percent of household and 
commercial effluent flows untreated into lakes, rivers 
and the sea.59

The global water crisis can be eased and the goal of 
“clean water and sanitation” formulated in the 2030 
Agenda achieved only through sustainable manage
ment of water resources – meeting the basic needs of 
current generations without endangering the liveli
hood of the generations to come. This can be done with 
the aid of environmental technology. The lead market 
for sustainable water management splits into five mar
ket segments that, together, model the various stages in 
the water management cycle (see Figure 7).

-

-

-

The market segment for water production and treat
ment models the first stage in this cycle. It incorporates 
products and processes to develop and extract fresh 
water resources, monitor groundwater and plan, build 
and operate water treatment plants.

-

The water system market segment spans all elements 
in the water distribution system that facilitate the 
transportation of fresh water from water treatment 
plants to consumers. In the other direction, it covers 
the transportation of wastewater from consumers to 
wastewater treatment plants. Wastewater cleaning 
and wastewater treatment methods are two further 
segments of the market for sustainable water manage
ment.

-

The market segment for efficiency gains in water usage 
covers a broad spectrum of products, processes and ser
vices that help us to handle water resources efficiently. 
Examples include water measurement instruments 
and water management systems. The technology lines 
in this market segment reflect the different groups of 
users: private households, commerce and industry, and 
agriculture.

-

57 See China Observer (2016).
58 See Deutschlandfunk (2015).
59 See Welthungerhilfe (2017b).
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Figure 7: Market segments and key technology lines in the lead market for sustainable water management
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4  The global and national market 
for environmental technology 
and resource efficiency
On course for continued growth
Demand for green products, processes and services remains strong around 
the world. The global market volume for environmental technology and 
resource efficiency exceeded the 3 trillion euros mark in 2016. By 2025, this 
figure is forecast to rise to 5,902 billion euros. German providers will be 
among those firms that benefit handsomely from this growth.

4
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At a glance

The green tech industry is set to continue its expan
sion in the years ahead. The global market volume for 
environmental technology and resource efficiency is 
projected to increase from 3,214 billion euros in 2016 
to 5,902 billion euros in 2025, equivalent to average 
annual growth of 6.9 percent. In Germany, the pace 
of expansion in this green branch of industry is even 
faster. In this country, the market volume will grow 
by an average of 8.8 percent a year through 2025, by 
which time the market volume will have reached 
738 billion euros (up from 347 billion euros in 2016).

-

 

Globally, expansion is fastest in the lead market 
for sustainable mobility, for which average annual 
growth of 10.2 percent is forecast through 2025. The 
market segment for alternative drive technologies 
is largely responsible for this dynamic development, 
growing worldwide at an average annual rate of 29.2 
percent in volume terms. In Germany, this market 

 

segment will experience 49 percent average annual 
growth between now and 2025, although expansion 
will also be conspicuously forceful in other areas of 
sustainable mobility. Five of the top ten technology 
lines – i.e. those with the fastest growth in Germany – 
belong to the lead market for sustainable mobility.

In total, German providers have a 14 percent share 
of the global market for environmental technology 
and resource efficiency. By comparison, Germany 
accounts for 4.6 percent of the world’s economic 
output. Green tech’s importance to Germany is 
reflected in this industry’s share of gross domestic 
product (GDP). In 2016, environmental technology 
and resource efficiency contributed 15 percent to the 
country’s economic output. Around 1.5 million people 
in Germany worked in the six green tech lead markets 
in the same year.

Figure 8: Global volume of lead markets for environmental technology and resource efficiency in 2016 (billion euros)

Source: Roland Berger (2017)

Figure 8: Global volume of lead markets for environmental technology and resource efficiency in 2016 (billion euros)

At a glance
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Developments on international markets and in Germany

The global market volume for environmental techno
logy and resource efficiency exceeded the 3 trillion 
euros mark in 2016. Total revenue of 3,214 billion euros 
was generated across the six green tech lead markets 
(see Figure 8), continuing the expansive development 

- of this green cross-sector industry. In 2013, the global 
market volume for environmental technology and re
source efficiency came to 2,536 billion euros.1 A volume 
of 837 billion euros in 2016 means that energy efficiency 
remains the largest of the green lead markets.

-

1 See Bundesministerium für Umwelt, Naturschutz, Bau und Reaktorsicherheit (eds.) (2015c), page 48.  

Germany: Energy efficiency the biggest 
lead market 

The German market volume for environmental 
technology and resource efficiency stood at 347 billion 
euros in 2016. In this country, too, energy efficiency is 
the largest lead market in the green tech industry, with 
a market volume of 83 billion euros in 2016 (see Figure 
9). The second-largest lead market – environmentally 

friendly power generation, storage and distribution – 
was worth 79 billion euros, while sustainable mobility 
tipped the scales at 74 billion euros. The listed sequence 
reflects Germany’s pioneering position in the field of 
renewable energy and in the latter’s integration in the 
power grid. The lead market for sustainable mobility 
feeds on growth stimulus from the automotive indust
ry, a branch of industry that is traditionally very strong 
in Germany.

Figure 9: Volume of lead markets for environmental technology and resource efficiency in Germany in 2016 (billion euros)

-

Source: Roland Berger (2017)

Figure 9: Volume of lead markets for environmental technology and resource efficiency in Germany in 2016 (billion euros)
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Methodology: The basis for our market forecasts

The Roland Berger market model calculates the current 
volume and forecasts the future volume of each lead 
market. It takes as its starting point the various techno
logy lines (products, processes and services) in envi
ronmental technology and resource efficiency. Based 
on a bottom-up approach, these technology lines are 
aggregated into the market segments that in turn form 
the six lead markets for green technology.

-
-

The underlying data for the technology lines comes 
from relevant market and sector studies. The data is de
rived from a business-as-usual scenario – a conservative 
analysis assuming that current valid environmental and 
regulatory laws and conditions will remain in force and 
then updating them in line with future market develop
ment forecasts.

-

-

The Roland Berger market model makes provision for 
the dynamic pace of development in this industry. To 
date, the calculation method has been reviewed prior 
to each issue of the GreenTech Atlas. Adjustments are 
made as and when necessary – for example if new mar
ket studies have been published that enable more accu
rate calculations, of if the classification of technologies 
has changed. Two examples illustrate the point: (1) In 
the energy-efficient lighting technology line, compact 
fluorescent lamps, once regarded as the green alterna
tive to traditional light bulbs, have now been replaced 
by LEDs as the state of the art. As a result, the market 
model used for the 2018 GreenTech Atlas no longer 
includes the market volume for energy-saving lamps 
in its calculation of the green technology market. (2) In 
the market segment for efficiency gains in water usage, 
the market volume was hitherto calculated based on 
water management revenue, a putative investment rate 
and a payback period estimated in line with customary 
timelines in the industry. In this issue of the GreenTech 
Atlas, the historical investment volume was also used 
for comparison purposes. Payback periods were then 
adjusted in line with this data.

-
-

-

The Roland Berger market model deliberately analyzes 
technologies at the lowest level of aggregation. It also 
follows the general principle of analyzing only techno
logies, not applications or goods for consumption. This 

-

principle can be illustrated by taking an example from 
the electric drive systems technology line in the market 
segment for alternative drive technologies, a subset 
of the lead market for sustainable mobility. Above and 
beyond e-mobility in the passenger car segment, the 
market for electric drive systems also includes all the 
systems used in e-buses, e-bikes and other electrically 
powered modes of transportation (forklift trucks, mo
torcycles etc.). The market volume for e-cars is therefore 
not calculated in the technology line for electric drive 
systems, as this accumulates across many different 
technology lines (lightweight engineering technologies, 
electrochemical storage of energy, energy efficiency in 
automotive engineering, organic electronics etc.). This 
approach ensures that the market volume is not artifi
cially bloated by cross-technology systems – such as  
e-cars – in which various technologies are used.

-

-

There are also technology lines that can constitute both 
a technology and a good for consumption, biomass 
being a case in point. Where this kind of technology 
line is examined within the framework of the market 
model, the market volume refers only to those techno
logies that are of relevance to green tech companies. 
The market volume in the technology line for biomass 
exploitation comprises generation technologies (biogas 
plants), means of transportation (special containers) and 
the use of biomass (such as firing chambers in cogen
eration plants).

-

-

Some technology lines also have a service component. 
Services are structured and calculated on the basis of 
the study “Environmental technology services – Drivers 
of ecological modernization and employment”.1

The market model looks at the market size in 2016 
and growth rates through 2025 in both the national 
and global markets for environmental technology and 
resource efficiency. The market shares of German green 
tech firms are derived from the global market volume. 
The international market volume reflects current usage 
of green products, processes and services around the 
globe and traces likely developments in demand for 
green tech. The level of demand on the green tech lead 
markets in Germany is then also outlined.

2 See Bundesministerium für Umwelt, Naturschutz und Reaktorsicherheit (eds.) (2009b).

Methodology: The basis for our market forecasts



48 GreenTech made in Germany 2018

Demand for green products, processes and services will 
continue to increase in the years ahead. Backed by such 
fair winds, the green tech industry will proceed along 
its current growth trajectory both in Germany and in 
the international arena. The global market volume for 
environmental technology and resource efficiency will 
probably be 5,902 billion euros in 2025 (see Figure 10). 
In other words, this cross-sector industry will expand 
at an average annual rate of 6.9 percent in the period 
from 2016 through 2025.3

In Germany, environmental technology and resource 
efficiency will increase its market volume at an average 
annual rate of 8.8 percent through 2025 (see Figure 11). 
The rate of green tech growth in this country will thus 
slightly outpace the global figure. This forecast mirrors 
the importance of an environmental policy that is 
supported by the regulatory framework and that creates 
reliable guidelines for business investment decisions. At 
the same time, the expectations of customers in both 
the business-to-business and business-to-consumer seg
ments will drive long-term demand for climate-friendly, 
environmentally compatible products and services.

-

-

-

3 The figure 6.9 percent is calculated from the weighted average of average annual growth rates in the individual lead markets.

Figure 10: Development of the global market volume for environmental technology and resource efficiency, 2016 to 2025 
(billion euros, average annual change in percent)

 

Source: Roland Berger (2017)

Figure 10: Development of the global market volume for environmental technology and resource efficiency, 2016 to 2025 
(billion euros, average annual change in percent)

It is a striking fact that demand for green technologies 
is rising faster in Germany than on a global scale. In the 
years ahead, strict environmental standards, the energy 
transition and companies’ awareness of energy and 
material efficiency will fuel further growth in demand 
for green products, processes and services. Demand 
on the domestic market also creates opportunities for 
green tech companies based in Germany. Enjoying far 
closer proximity to their customers, they can colla
borate with users to tailor the development of new 
technologies to individual needs. Cooperation on their 
home market is also conducive to systemic approaches 
within the green tech industry. Thanks to their expertise 
in system solutions and their wealth of technological 
knowledge, German-based environmental technology 
providers in particular can experience international 
success while also tapping large shares of the domestic 
market volume.

Within the overall market for environmental technolo
gy and resource efficiency, the individual lead markets 
are clearly growing at different rates on a global level. 
Expansion is fastest in the lead market for sustainable 
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mobility, which grew at an average annual rate of 10.2 
percent between 2016 and 2025 (see Figure 12).  
This rate of growth reflects worldwide endeavors 
to make the transport sector more climate-friendly 
and ecofriendly. Alternative drive technologies play a 
central role in decarbonizing the transport sector; and 
growth in this segment is putting wind in the sails of 
dynamic development across the entire lead market. 
This driver is itself backed by a shift in traffic policies in 
major markets, especially China. According to Chinese 
government plans, as many as five million electric cars 
– a market share of 5 to 10 percent – should be on the 
country’s roads by 2020.4

Figure 11: Development of the German market volume for environmental technology and resource efficiency, 2016 to 2025 
(billion euros, average annual change in percent)

 

-
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-
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Source: Roland Berger (2017)

Growth in the lead market for material efficiency is 
likewise outpacing the average rate of environmental 
technology and resource efficiency expansion. The 
projected average annual growth rate through 2025 is 
9.1 percent. This expansion is being driven primarily 
by the renewable resources segment, which spans the 
technology lines for oils and fats from renewable re
sources, bioplastics and bioenergy (for heat and power 

generation). The market segment for cross-application 
technologies and methods is experiencing similarly 
dynamic development, especially in the organic elec
tronics technology line. This line is becoming the new 
standard in many applications – witness the organic 
light-emitting diodes (OLEDs) used in smartphone 
displays, for example.

Within the wider sphere of environmental techno
logy and resource efficiency, waste management and 
recycling is the lead market with the smallest volume. 
Emerging countries in particular nevertheless have a 
lot of ground to make up in the area of waste disposal. 
For example, the environmental policy goals laid out in 
China’s 13th five-year plan feature a program of actions 
to control air, water and soil pollution that include im
provements in the treatment of waste.5 India, too, plans 
to tackle the subject of waste treatment and disposal 
with greater vigor, especially in relation to the recycling 
of scrapped electrical equipment, paper and plastics 
and the disposal of hazardous waste. Above all, India is 
looking to investment by private enterprise. Compared 

4 See Becker, Joachim (2017).
5 See German Trade & Invest (2016).

Figure 11: Development of the German market volume for environmental technology and resource efficiency, 2016 to 2025 
(billion euros, average annual change in percent)
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to the green tech industry as a whole, growth in the 
lead market for waste management and recycling is 
slightly above average at 7.4 percent. This dynamism is 
injected first and foremost by the market segments for 
mechanical recycling and feedstock recycling.

Growth rates in the lead market for energy efficiency, 
environmentally friendly power generation, storage 
and distribution and the lead market for sustainable 
water management are lower than the average for the 
whole of the green tech industry. That, however, should 
in no way be taken to suggest that their significance 
is waning: These three lead markets are extremely 
important segments of the environmental technology 
and resource efficiency sector – segments that generate 
substantial revenues. The simple fact is that they are es
tablished markets with high revenue volumes and – in 

-

the case of most products and processes – an advanced 
level of maturity. This in turn causes pricing levels 
in these lead markets to tend to stagnate, in part due 
to economies of scale. The resultant savings are then 
reflected in comparatively lower growth rates, given 
that revenue is the basis on which lead market expan
sion is measured. The growth rates shown in Figure 12 
are the overall figures for the individual lead markets. 
At the level of market segments and technology lines, 
however, even the “mature” lead markets have areas 
where technological changes are driving very dynamic 
development. One example is the 14.5 percent aver
age annual growth that the energy-efficient lighting 
technology line will deliver through 2025 in the lead 
market for energy efficiency. Central to this develop
ment is rising demand for LEDs and halogen lamps as 
substitutes for traditional energy-saving lamps. 

-

-

-

Figure 12: Global growth in lead markets compared to growth in environmental technology and resource efficiency overall, 
2016 to 2025 (average annual change in percent)

Source: Roland Berger (2017) 

Figure 12: Global growth in lead markets compared to growth in environmental technology and resource efficiency overall, 
2016 to 2025 (average annual change in percent)
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Germany: Varying growth rates in the 
individual green tech lead markets

Analysis of the national situation again reveals va
riations in the pace of growth in the individual lead 
markets. Expansion is particularly forceful in the lead 
market for sustainable water management, where the 
average annual growth rate is 11.8 percent. The market 
segment for efficiency gains in water usage is the engine 
of growth here, delivering average annual expansion of 
29.5 percent from 2016 through 2025. These numbers 
clearly show that the efficient management of water 
as a resource is playing an increasingly important role 
in private households, in agriculture and in industry, 
and that demand for suitable products, processes and 
services is on the rise.

-

Above-average growth in the lead market for material 
efficiency (10.5 percent) is attributable above all to the 
market segment for cross-application technologies 
and methods. In this segment, the technology lines for 
organic electronics and nanotechnology are enjoying 
particularly forceful growth (at average annual rates of 
17.4 and 20.0 percent respectively).

In Germany, the lead market for energy efficiency will 
expand at an average annual rate of 9.1 percent between 
2016 and 2025. The impetus for this development 
comes primarily from the market segment for energy-
efficient buildings.

Average annual growth of 8.8 percent in the lead mar
ket for sustainable mobility mirrors the circumstance 
that most of its segments serve mature markets. Closer 
analysis of this lead market reveals extremely dynamic 
development in the market segment for alternative 
drive technologies, which will grow at an average 
annual rate of 49.3 percent through 2025. This trend is 
being fueled above all by e-mobility. The technology 
line filling station infrastructure for alternative drive 
systems is experiencing similarly rapid growth at an 
average annual rate of 56.4 percent.

-

The lead market for environmentally friendly pow
er generation, storage and distribution and the lead 
market for waste management and recycling are both 
expanding at slightly below the green tech industry 
average. Even so, both lead markets retain their impor
tance within the wider framework of environmental 
technology and resource efficiency.

-

-

Figure 13: Growth in German lead markets compared to growth in environmental technology and resource efficiency overall,  
2016 to 2025 (average annual change in percent)

GreenTech made in Germany 2018

Source: Roland Berger (2017) 

Figure 13: Growth in German lead markets compared to growth in environmental technology and resource efficiency overall,  
2016 to 2025 (average annual change in percent)
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Figure 14 juxtaposes each lead market’s share of the 
total volume for the global green tech industry in 2016 
and 2025.

Worldwide, energy efficiency products, processes and 
services currently constitute the biggest lead market 
with a volume of 837 billion euros – 26 percent of the 
world’s entire green tech industry. The lead market for 
environmentally friendly power generation, storage 
and distribution and the lead market for sustainable 
water management each have a 21 percent share (see 
Figure 14).

-

Figure 14: Lead markets’ shares of the total global market for environmental technology and resource efficiency in 
2016 and 2025 (billion euros, percent)

 

Source: Roland Berger (2017) 

Given that the individual lead markets are growing at 
different rates, their relative shares of the global green 
tech market will naturally change between now and 
2025. Energy efficiency will still maintain its position as 
the highest-volume lead market, probably accounting 
for 25 percent of the total environmental technology 
and resource efficiency volume. Sustainable mobility 
looks set to sharply increase its share of the overall 
green tech market, from 13 percent in 2016 to 17 per
cent in 2025.

Figure 14: Lead markets’ shares of the total global market for environmental technology and resource efficiency in 
2016 and 2025 (billion euros, percent)
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Technologies to mitigate climate change 
and adapt to the consequences of clima
te change

-

This section focuses on technologies across all the lead 
markets that contribute to keeping a cap on climate 
change. Analyzing this topic in isolation underscores 
the importance of products, processes and services 
that support strategies to adapt to the consequences 
of climate change and help reduce greenhouse gas 
emissions. Both mitigation technologies and goods and 
services that support adaptation to the consequences of 
climate change are spread across different lead markets 
for environmental technology and resource efficiency.

In the Paris Agreement,6 the international community 
has committed itself under international law to the 
goal of keeping global warming to well below two 
degrees Celsius relative to preindustrial levels. Beyond 
this, countries will strive to limit the temperature in
crease to 1.5 degrees Celsius. The signatory states have 
further announced efforts to improve their ability to 
adapt to the negative consequences of climate change.

-

Climate change is present reality. The global average 
temperature is already one degree Celsius higher than 
preindustrial levels. The consequences are palpable: 
Droughts, floods and melting glaciers all show that 
climate change has long since been happening in the 
here and now. If the increase in greenhouse gases is not 
reined in, global warming could reach four degrees  

 Celsius by the year 2100. On the other hand, if the rise 
in temperatures is kept below the two degrees Celsius 
ceiling, the world stands a good chance of averting 
at least the worst consequences of climate change. 
That, according to the Fifth Assessment Report of the 
Intergovernmental Panel on Climate Change,7 is still 
technologically and economically feasible. But climate 
change mitigation measures are needed to reach this goal.

Climate change mitigation serves to limit future 
climate change: 

 

“Mitigation is the effort to control the human sour
ces of climate change and their cumulative impacts, 
notably the emission of greenhouse gases (GHGs) 
and other pollutants, such as black carbon particles, 
that also affect the planet’s energy balance. Mitiga
tion also includes efforts to enhance the processes 
that remove GHGs from the atmosphere, known 
as sinks. Because mitigation lowers the anticipated 
effects of climate change as well as the risks of ex
treme impacts, it is part of a broader policy strategy 
that includes adaptation to climate impacts.”8

-

-

-

It follows that there is no contradiction in adapting to 
the consequences of climate change while at the same 
time striving to avoid or reduce greenhouse gas emissi
ons. The two approaches are both integral components 
of climate policy: “Adaptation and mitigation [are] 
complementary strategies for reducing and managing 
the risks of climate change.”9

-
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6 For a detailed account of the Paris Agreement, see Chapter 2, page 15f.
7 See Intergovernmental Panel on Climate Change (2014a).  
8 See Intergovernmental Panel on Climate Change (2014b), page 114. 
9 See Intergovernmental Panel on Climate Change (2014a), page 17.
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Analysis of all the lead markets for green technology 
reveals the huge predominance of technologies to re
duce greenhouse gases. In 2016, products, processes and 
services to avoid and reduce emissions of greenhouse 
gases accounted for 96 percent of the global market 
volume for environmental technology and resource 
efficiency (see Figure 15). In the same year, however, 
only the market segment for climate-adapted infra
structure – with its technology lines storm, flood, heat 
and fire protection – represented the category “adap
ting to the consequences of climate change”, alongside 
minor aspects of individual market segments and 
technology lines in the lead markets for sustainable 
water management (water production and treatment; 
the water distribution technology line; water efficiency 
technologies in agriculture) and waste management 
and recycling (the technology line for waste collection 
and transportation).

Figure 15: Technologies for adapting to the consequences of climate change and reducing greenhouse gas emissions – 
Share of the global market for environmental technology and resource efficiency in 2016 and 2025

 

-

-

-

Source: Roland Berger (2017) 

In 2025, technologies for adapting to the consequences 
of climate change will probably have an 11 percent 
share of the green tech market. The fact that the effects 
of global warming will be clearly felt by then will drive 
this surge of nearly seven percentage points compar
ed to 2016. Some of these tangible effects will be the 

-

escalation of the water crisis in certain regions, the 
growing frequency of extreme weather events and their 
consequences (floods and droughts), and the advance 
of desertification. The goods and services needed to 
realize adaptation strategies are found mainly in the 
lead market for sustainable water management. Half 
of the global volume in the market segments for water 
production and treatment and for the water system can 
be attributed to climate adaptation technologies. For 
the technology line water efficiency technologies in ag
riculture, around three quarters of the market volume 
relates to these technologies.

-

The other lead markets also have a number of market 
segments and/or technology lines whose goods and 
services will, by 2025, be key in helping us adapt to the 
consequences of climate change. Examples include 
efficient heating, air-conditioning and ventilation 
systems, measurement and control instrumentation, 
biotechnology, renewable resources such as feedstock 
for the chemical industry, soil protection, the preven
tion of air pollution, nature and landscape conserva
tion, groundwater protection, water conservation, 
waste collection and waste transportation.

-
- 

Figure 15: Technologies for adapting to the consequences of climate change and reducing greenhouse gas emissions – 
Share of the global market for environmental technology and resource efficiency in 2016 and 2025
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Focus on global and national lead markets

Environmentally friendly power 
generation, storage and distribution

 

Oil, gas and coal still easily dominate the global energy 
mix, with a combined share of 85 percent10. Burning 
these fossil fuels releases carbon dioxide into the 
atmosphere. Given that it is the source of roughly two 
thirds of global greenhouse gas emissions, the energy 
sector is thus of paramount importance to climate 
change mitigation. Transition in this sector is vital if 
the goals of the Paris Agreement are to be achieved. 
Steps in the right direction include the increased use of 
renewables, the environmentally friendly use of fossil 

fuels, energy storage and efficient grids. Action in these 
areas gives rise to those segments that make up the lead 
market for environmentally friendly power generation, 
storage and distribution.

In 2016, the global volume of this lead market stood at 
667 billion euros. Average annual growth of 6.4 percent 
will boost this volume to 1,164 billion euros by 2025 
(see Figure 16).

 

10 See BP Statistical Review of World Energy June 2017, page 9.  

Figure 16: Development of the global lead market for environmentally friendly power generation, storage and distribution by 
market segment, 2016 to 2025 (billion euros, average annual change in percent)
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Source: Roland Berger (2017)

A detailed look at the market segment for renewable 
energy highlights the prominence of hydropower (see 
Figure 17). This technology line accounted for just 

Figure 16: Development of the global lead market for environmentally friendly power generation, storage and distribution by 
market segment, 2016 to 2025 (billion euros, average annual change in percent)
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under a third of the global market volume in the renew
able energy segment in 2016. However, hydropower is 
likely to stagnate at this level: Between 2016 and 2025, 
the market volume for this technology line is projected 
to edge up from 114 billion euros to 118 billion euros – 
equivalent to average annual growth of 0.4 percent.  
Solar and wind power have a global installed capacity 
of 790 gigawatts and are gaining an increasingly large 
share of the renewable energy mix. In 2016, their share 
of green power generation totaled 39 percent.11 Photo
voltaics made up 19 percent of the renewable energy 
market segment in 2016, while onshore wind power 
accounted for 22 percent of the segment’s total reve
nue. Forecasts point to strong growth in both of these 
technology lines in the years ahead.12 And our study 
concurs in this assessment: Worldwide, the photovol
taics technology line will expand by an average of 7.9 
percent each year between 2016 and 2025. In the same 
period, onshore wind power will see average annual 
growth of 9 percent. Solar and wind power will thus 

- 

-

-

-

increase their share of the renewable energy mix. In 
2025, photovoltaics and wind power will together boast 
a 50 percent share of the global market volume in the 
renewable energy market segment.

-

-

 
 
 

-
 

Figure 17: Individual technology lines’ share of the global volume in the market segment for renewable energy in 2016 
(percent)

Source: Roland Berger (2017) 

Figure 17: Individual technology lines’ share of the global volume in the market segment for renewable energy in 2016 
(percent)

In the market segment for the ecofriendly use of fossil 
fuels, gas and steam power plants and high-capacity 
power plants13 are by far the dominant technology 
lines. Together they shared a global market volume of 
nearly 132 billion euros in 2016 – 72 percent of the total 
worldwide volume in this market segment. By 2025, 
this share will probably decline to 64 percent due to 
factors such as dynamic development in the cogenera
tion units technology line (whose annual growth will 
average 14.3 percent).

In the global lead market for environmentally friendly 
power generation, storage and distribution, the market 
segment for storage technologies will grow at an excep
tionally dynamic average annual rate of 16.1 percent). 

11 See REN21 Renewable Energy Policy Network for the 21st Century (2017), page 21.
12 See Global Wind Energy Council (2017). 
13 High-capacity power plants are coal-fired power plants with an efficiency level of over 45 percent. Traditional coal-fired power plants 

have an efficiency level of approximately 32 percent. High-capacity power plants are also known as “supercritical” or “ultra-super
critical” plants. Using high-temperature and high-pressure technology, steam is heated to a temperature above 374 degrees Celsius 
and raised to pressure above 221 bar. This makes it possible to achieve higher efficiency levels than in conventional power plants.
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In the period from 2016 through 2025, the global 
volume for this market segment will therefore almost 
quadruple from 29 billion euros to 113 billion euros.

Closer analysis of the structure of the market segment 
for storage technologies reveals the dominance of 
the mechanical storage of energy (see Figure 18). This 
technology line accounted for nearly two thirds of the 
global market volume for storage technologies in 2016. 
Mechanical storage technologies include pumped sto
rage hydropower plants, compressed air energy storage, 
lift storage power plants and flywheel energy storage. 
Pumped storage hydropower plants in particular make 
a major contribution to stabilizing the energy supply. 
They balance out fluctuations in the power grid – such 
as the rise in demand during peak periods – and serve 
as a last resort in the event of power plant shutdowns. 
Pumped storage hydropower plants have the ability to 
“black start”, i.e. to start up without relying on external 
power sources.

-

-

-
-

Figure 18: Individual technology lines’ share of the global volume in the market for storage technologies in 2016 
(percent)

GreenTech made in Germany 2018 

Source: Roland Berger (2017) 

Among the different storage technologies, the elec
trochemical storage technology line will experience 
particularly rapid development. With average annual 
growth of 23.1 percent, its global market volume will 
expand from 7.6 billion euros in 2016 to 49.4 billion 
euros in 2025. Electrochemical storage includes various 
types of batteries that essentially function as energy 
stores and energy converters: Discharge converts 
stored chemical energy to electrical energy by means of 
a reduction-oxidation (or redox) reaction. The electrical 
energy is then fed into consumers. Primary cells have 
to be disposed of after a one-off discharge. By contrast, 
secondary cells (lead, nickel-cadmium, nickel metal 
hydride, lithium-ion etc.) can be recharged and are 
therefore referred to as rechargeable batteries.

The main factor driving strong growth in electro
chemical storage through 2025 is the dynamic devel
opment of battery storage systems. Applications in 
e-mobility (electric cars and e-bikes) and stationary 

Figure 18: Individual technology lines’ share of the global volume in the market for storage technologies in 2016 
(percent)
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energy storage will make the main contributions to this 
expansion. From an economic perspective, combining 
stationary storage solutions with autonomous power 
generation from renewable sources is an extremely 
attractive proposition that can help stabilize the power 
grid.

The market segment for efficient grids recorded a 
global market volume of 76.3 billion euros in 2016 and 
is set to grow at an average annual rate of 7 percent 
through 2025. Accordingly, the worldwide volume for 
this market segment is projected to reach 140.4 billion 
euros in 2025.

Germany: The lead market for environ
mentally friendly power generation, 
storage and distribution

-

By and large, development in the German lead market 
for environmentally friendly power generation, storage 
and distribution takes its cue from the international 
trends. In Germany, this lead market will expand at an 

average annual rate of 6.2 percent between 2016 and 
2025 (see Figure 19). Its volume will thus rise from 
79 billion euros to 135 billion euros in this period. 
Storage technologies are experiencing the most 
dynamic development, growing by an average of 
15 percent per year through 2025 – a remarkable rate 
of expansion by any standards.

 
 

 
 

 

Figure 19: Development of the lead market for environmentally friendly power generation, storage and distribution in 
Germany, 2016 to 2025 (billion euros, average annual change in percent)

 

Source: Roland Berger (2017)

Figure 19: Development of the lead market for environmentally friendly power generation, storage and distribution in 
Germany, 2016 to 2025 (billion euros, average annual change in percent)
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Floating wind turbines 

Around the globe, new wind turbines with a total 
capacity of 55 gigawatts were installed in 2016, bring
ing the world’s total installed wind power capacity 
up to 487 gigawatts.14 The majority of these turbines 
operate on land, however. Offshore wind turbines 
only managed a capacity of 14.4 gigawatts in the same 
year, but harbor huge potential.15 Compared to good 
terrestrial wind power locations, the electricity yield 
from offshore wind turbines is as much as 40 percent 
higher. This is because the wind blows more strongly 
and more constantly at sea.

-

The downside is that building offshore wind turbines 
is expensive and technically very challenging. There 
are also ecological risks, such as intensive noise ex
posure when the foundations are rammed into place. 
To keep the towers, nacelles and rotors stable and 
make sure they do not buckle even in the most severe 
storms, the foundations have to go as far down as 40 
meters into the seabed. The towers are then assem
bled on this base, requiring a water depth of at least 
20 meters. At water depths in excess of 50 meters, 
it becomes technically very difficult – and econo
mically non-viable – to lay firm foundations. Due to 
this restriction, the majority of marine areas and the 
high energy yields they promise are off limits to wind 
turbine construction – unless alternatives to firmly 
mounted bases can be used. Work is currently under
way to develop floating wind turbines that would be 
suitable for water depths of several hundred meters. 
An array of design principles has been proposed for 
the floating structures:16

-

-

-

-

l Spar buoys – The floating structure is a spar
shaped buoy that stands upright in the water. The 
top of the spar is filled with air and the bottom 
contains ballast to ensure a low center of gravity. 
Like a tumbler toy, the floating structure always 
rights itself to a vertical position: It cannot fall 
over. Mooring lines attach the spar buoy to anchors 
on the seabed.

-

l Barges – The floating structure is a broad, flat float 
that drifts like an inflatable mattress on the water 
surface. When waves hit this air cushion and cause 
it to tip, it rights itself. Loose mooring lines attach 
the floating structure to anchors on the seabed.

l Semisubmersibles – With this technology, the 
whole of the relatively broad buoyancy element is 
under the surface of the water. Since the intensity 
of wave motion diminishes as depth increases, se
misubmersibles lie more steadily in the water. The 
wind turbine stands on cylindrical pillars mounted 
on top of the floating structure.

-

l Tension leg platforms (TLPs) – The floating struc
ture lies under water and is fitted with cables that 
moor it to anchors on the seabed. Its buoyancy 
keeps the tension in the cables (legs) constant and 
keeps the structure stable.

-

A floating wind turbine with a tension leg platform 
is currently being tested off the Darss peninsula on 
Germany’s Baltic coast. The turbine has a capacity 
of 2.3 megawatts, has a tower standing more than 
100 meters tall and was developed by the GICON 
Group (Dresden) and Edelstahl- und Umwelttech
nik Stralsund GmbH.17 What is currently the largest 
floating offshore wind farm in the world went into 
service off the east coast of Scotland in October 2017. 
Statoil built “Hywind Scotland” about 25 kilometers 
off Peterhead at a water depth of 95 to 120 meters. 
The farm comprises five wind turbines with capacities 
of 6 megawatts each and meets the electricity needs 
of around 20,000 households. The spar buoys are 80 
meters long.18 

-

14 See REN21 Renewable Policy Network for the 21st century (2017), page 88. 
15 Ibid, page 89. 
16 See Eder, Stephan (2016).  
17 See eLife (2017). 
18 See Statoil (2018). 
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Power to liquid 

E-mobility plays a key role in efforts to design 
a more environmentally and climate-friendly 
transport sector. Yet not all mobility needs can 
be met with electric drive systems. Accordingly, 
demand exists for liquid fuels that constitute an 
alternative to environmentally harmful fuels such 
as diesel and kerosene. Power to liquid (PTL) – 
producing synthetic fuels from a mix of electric 
power from renewable sources and water –  is one 
very pro-mising approach.

 
 

 
 

What is known as excess power can be tapped for 
the first step, which is using electrolysis to split 
water into hydrogen and oxygen. Excess power 
is generated when a particularly large volume of 
electricity is produced by fluctuating energy sources 
such as wind and solar power but cannot be fed into 
the grid. The second step is to convert carbon dioxi
de to carbon monoxide, before the Fischer-Tropsch 
method is used to synthesize liquid hydrocarbons 
(in this case: fuels).

-

The power-to-liquid method is expected to play a 
very important part in achieving the goal of a low-

carbon and, in the longer term, zero-carbon power 
supply. It allows fuel to be generated from renew
able sources without the need to cultivate biomass 
for energy applications. Since the latter practice 
competes with food cultivation, the jury is still out 
on whether biomass as an alternative fuel variant is 
really a good thing.19

-

Using solar power to capture carbon dioxide 
from the air and produce synthetic fuels, the first 
compact power-to-liquid plant went into service 
in November 2016. In this SOLETAIR project, 
INERATEC, a spin-off from the Karlsruhe Institute 
of Technology (KIT) is collaborating with Finnish 
partners. The pilot plant is situated on the campus 
of Finland’s Lappeenranta University of Technology. 
It comprises three components: a direct air capture 
unit, an electrolysis unit that uses solar power to 
produce hydrogen, and a micro-structured chemical 
reactor to synthesize hydrogen and carbon dioxide 
into liquid fuels (gasoline, diesel and kerosene). The 
reactor was developed at KIT and refined into a 
market-ready pilot plant by INERATEC.20

19 See Umweltbundesamt (2017c). 
20 See Karlsruher Institut für Technologie (2016).  

Power to liquid 
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Hydrogen – a highly versatile element 

There are those who see water as the oil or coal of 
tomorrow. Such euphoric future visions testify to the 
great expectations that are bound up with the use of 
hydrogen in energy systems going forward.

The most common chemical element in the universe, 
hydrogen exists in water and most organic com
pounds. While experimenting on mass conservation, 
French chemist Antoine Lavoisier discovered the gas 
in 1787, calling it “inflammable air”.

-

In the Earth’s atmosphere, hydrogen exists almost 
exclusively in chemical compounds, mainly in the 
form of water. There are a number of ways to pro
duce hydrogen: steam reforming, partial oxidation, 
autothermal reforming, gas treatment, electrolysis 
of water, biomass, the Kvaerner process, thermo
chemical cycles and so on. Worldwide, more than 
600 billion cubic meters – roughly 30 million tonnes 
– of hydrogen are produced for industrial and 
technical applications.21

-

 
- 

 

In the context of the energy transition, the focus is 
on producing hydrogen with the aid of renewable 
energy sources such as the sun and the wind. Using 
green electricity, water is split into oxygen (O2) and 
hydrogen (H2) by means of electrolysis. This power-
to-gas process (also known as P2G or PtG) can use 
excess power: the power left over when a particu
larly large volume of green electricity is produced 
but cannot be fed into the grid. Hydrogen serves 
as a storage solution. It can later be reconverted to 
electricity using gas turbines or used as fuel for fuel 

-

cell vehicles or heating purposes. Thanks to this wide 
range of applications, power to gas could become 
a key basic technology for distributed, low-carbon 
energy systems.

Fuel cells play a pivotal role in the various potential 
applications for hydrogen. In their capacity as gal
vanic elements, they convert the chemical reaction 
energy from the continual input of fuel and an 
oxidizing agent into electrical energy. Fuel cells can 
be deployed for both mobile and stationary applica
tions.

-

-

For mobile use in fuel cell vehicles, the electricity 
needed to drive the vehicle is generated on board: 
Hydrogen (H2) is split into protons and electrons in 
the fuel cell. The chemical energy released by this 
process is converted to the electrical energy that 
powers the engine. Water is a by-product from this 
reaction.

Many large automotive manufacturers have alrea
dy developed hydrogen-powered prototypes or 
pre-series models. The Clean Energy Partnership22 is 
overseeing a number of research and demonstration 
projects to try out hydrogen technology under 
near-real-world conditions in the transport sector. 
The primary focus here is on the numerous interfaces 
between vehicle technology, hydrogen production 
and filling station infrastructures.

-

 

Several examples from the project portfolio show 
that hydrogen mobility goes far beyond usage in pas
senger cars alone. Stuttgart streetcar operator Stutt
garter Strassenbahnen AG (SSB) has already trialed 
hydrogen-powered buses. The project – named S-
Presso – tested four fuel cell/hydrogen hybrid buses 
built by Mercedes-Benz and deployed on two routes. 
Besides handling the procurement and testing of 
the 12-meter long buses, the four-year project also 
examined the requirements for a suitable depot and 
the qualifications needed by staff.23

-
-

21  See CHEMIE.DE Information Service GmbH (2017).
22 Founded in 2002 as a joint initiative of politics and industry under the lead of the German Federal Ministry of Transport, the Clean Ener

gy Partnership (CEP) aims to test the suitability of hydrogen as an everyday fuel. Since 2008, the CEP has been a beacon project of the 
National Innovation Program for Hydrogen and Fuel Cell Technology (NIP), implemented by the National Organization for Hydrogen 
and Fuel-Cell Technology (NOW). Its 20 industry partners (Air Liquide, BMW, Bohlen & Doyen, Daimler, EnBW, Ford, GM/Opel, H2 Mo
bility, Hamburger Hochbahn, Honda, Hyundai, Linde, Shell, Siemens, Stuttgart streetcar operator SSB, Total, Toyota, OMV, Volkswagen 
and Westfalen) work together with the aim of tearing down obstacles to the market launch of hydrogen-powered vehicles. See Clean 
Energy Partnership (2017). 

 -

-

23 See Nationale Organisation Wasserstoff- und Brennstoffzellentechnologie (2017a). 
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For eighteen months, the RiverCell project has ap
plied itself to developing a hybrid energy and drive 
system as an alternative to diesel engines for vessels 
that navigate inland waterways. Combining fuel 
cells with innovative engine technology, photovol
taics, heat recovery and energy storage in the form 
of batteries, an end-to-end electrical and thermal 
power supply was designed to this end. The project 
centered on the optimization of fuel cells for water
borne vessel applications.24 

-

-

-

Fuel cells are also being tested in the context of 
intralogistics. At the Daimler factory in Düsseldorf, 
two forklift trucks powered by hydrogen fuel cells 
have been tested for two years.25

In system solutions for distributed power sup
plies, stationary fuel cells play an important part in 
supplying heat and producing electricity in build
ings. Fuel cell heating devices can be deployed as 
cogeneration units in detached houses and apart
ment buildings. The units extract hydrogen from gas 
and use an electrochemical reaction to convert it to 
power and heat. Two advantages of this distributed 
power generation process are very low emissions 
and high efficiency levels. The Callux demonstra
tion project tested the use of fuel cells to supply 
power for home use. The players involved claim 
that the seven-year real-world test prompted the 
broad market launch of appliances from a variety of 
manufacturers.26

-

-

-

-

24 See Nationale Organisation Wasserstoff- und Brennstoffzellentechnologie (2017b).
25 See Nationale Organisation Wasserstoff- und Brennstoffzellentechnologie (2017c).
26 Callux was a beacon project of the National Innovation Program for Hydrogen and Fuel Cell Technology (NIP). The project, which ran 

from 2012-2015 with a budget of 86 million euros, involved the power utilities EnBW, E.ON Ruhrgas, EWE, MVV Energie and VNG Ver
bundnetz Gas and the appliance manufacturers Baxi Innotech, Hexis and Vaillant. The Center for Solar Energy and Hydrogen Research 
(ZSW) coordinated the project. See Nationale Organisation Wasserstoff- und Brennstoffzellentechnologie (2017d). 

-

Figure 20: Areas of application for hydrogen

Source: Roland Berger (2017)

Figure 20: Areas of application for hydrogen
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Leonardo and Leonardo II are two projects that are 
likewise working on fuel cell heating systems. Viess
mann and Hexis are working together to develop a 
fuel cell heating system to expand the existing port
folio of fuel cell-based micro-cogeneration systems. 
One central aim is to cut the investment and running 

-

-

costs associated with models for volume production. 
The technological centerpiece of the new fuel cell 
heating system is a brand-new high-temperature 
technology known as solid oxide fuel cell (SOFC) 
technology.27

27 See Nationale Organisation Wasserstoff- und Brennstoffzellentechnologie (2017e).
 

Energy efficiency

Improving energy efficiency is seen as another key 
way – along with stepping up the use of renewable 
energy – to rein in the consumption of energy resour
ces and thus reduce the pollution and greenhouse gas 
emissions caused by the energy sector. Between 2016 
and 2025, the global volume of the lead market for 
energy efficiency will increase from 837 billion euros to 
1,491 billion euros, which works out at average annual 
growth of 6.6 percent (see Figure 21). The individual 
segments of this lead market are growing at varying 
rates. Cross-sector components were the largest market 
segment in 2016 with a global volume of 491 billion 
euros. However, given the high level of market maturity 
for products, processes and services in this segment, 
its average annual growth rate of 5.7 percent is lower 
than that of the other segments in the lead market for 
energy efficiency. Average annual growth of 9.9 percent 
singles out energy-efficient buildings as the market 
segment with the fastest rate of expansion.

-

Detailed analysis of the market segments and their 
technology lines paints a varied picture of the lead 
market for energy efficiency. In the market segment 
for cross-sector components, a global market volume 
of 165.6 billion euros puts measurement and control 
instrumentation out in front as the biggest technology 
line (see Figure 22). This line plays an essential role as 
the basis for resource-efficient production processes. 
Average annual growth of 3.9 percent should give mea
surement and control instrumentation a global market 
volume of 234.4 billion euros in 2025.

-

In 2016, electric drive systems had a global market 
volume of 125.6 billion euros and were the second
largest technology line in the market segment for 
cross-sector components. This technology line will see 
its global market volume rise to 260.2 billion euros in 
2025, growing at an average annual rate of 8.4 percent 
from 2016 through 2025. Key drivers of this growth 
trajectory is the universal suitability of electric motors 
and the continuous improvements being made in their 
efficiency. Electric drive systems possess huge potential 
to reduce greenhouse gas emissions. Between now and 
2020, the use of efficient industrial motors could save 
27 billion kilowatt-hours of electricity – equivalent to 
slashing CO2 emissions by 16 million tonnes.28 Advances 
in the energy efficiency of electric drive systems have 
for years thus been an important element in the EU’s 
efforts toward standardization. The Ecodesign Directive 
came into force in 2011, stipulating that all new motors 
must comply with efficiency class IE2 as a minimum 
requirement. In 2015, phase two of the Ecodesign 
Directive prescribed compliance with efficiency class 
IE3 for electric motors that run off mains power supply 
systems and have a rated output of between 7.5 and 375 
kilowatts. Since January 2017, this rule has been further 
expanded to include the 0.75 to 7.5 kilowatt output 
range.29 In the USA, Canada, South Korea and China, 
standards corresponding to efficiency classes IE2 or IE3 
were introduced in advance of the European directive.

-
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28 See Grupp, Michael (2016).
29 These provisions do not apply to legacy systems, which remain bound by the rules that were in place when they were commissioned.
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Figure 21: Volume development in the global lead market for energy efficiency by market segment, 2016 to 2025 (billion euros, 
average annual change in percent)

Source: Roland Berger (2017) 

Figure 22: Individual technology lines’ share of the global market volume in the market segment for cross-sector components 
in 2016 (in percent)

Source: Roland Berger (2017) 

Figure 21: Volume development in the global lead market for energy efficiency by market segment, 2016 to 2025 (billion euros, 
average annual change in percent)

Figure 22: Individual technology lines’ share of the global market volume in the market segment for cross-sector components 
in 2016 (in percent)
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Figure 23: Individual technology lines’ share of the global market volume in the market segment for energy-efficient 
production processes in 2016 (in percent)

 

Source: Roland Berger (2017) 

As shown in Figure 23, the market segment for energy-
efficient production processes is highly fragmented, 
although isolated technology lines do have a substan
tial size. For example, the technology line for energy 
efficiency in retail/logistics accounted for over a fifth 
of the global market volume in this market segment 
in 2016. Energy-saving production processes also play 
an important role in other energy-intensive sectors, 
such as basic chemicals, automotive engineering and 
paper and cardboard manufacturing. In 2016, efficiency 
technologies for these industries together accounted 
for more than a third of the global market volume for 
energy-efficient production processes.

-

In 2016, the technology line for energy-efficient white 
goods (household appliances) was worth 88 billion 
euros, giving it easily the largest share of the global vol
ume in the energy-efficient appliances market segment 
(see Figure 24). This line will grow at an average annual 
rate of 3.7 percent between 2016 and 2025, reaching a 
global market volume of 122.4 billion euros in 2025. 
Substantially stronger annual expansion of 14.5 percent 
will be delivered by energy-efficient lighting. This tech
nology line will thus see its global market volume jump 
from 28 billion euros in 2016 to 109 billion euros in 
2025. LED lamps’ increasing market penetration are the 

-

-

mainstay of this dynamic development. More and more 
of these lamps are now being deployed in production 
facilities and municipal contexts.

The market segment for energy-efficient buildings 
recorded a global market volume of 133 billion tech
nology in 2016. Average annual growth of 9.9 percent 
will see this volume rise to a projected 312 billion tech
nology by 2025. In terms of market volume, heating, 
air-conditioning and ventilation (HVAC) systems is the 
most important technology line in this segment, with 
a volume of 59.3 billion technology in 2016 (see Figure 
25). Its prominent position is rooted in considerable 
energy-saving potential combined with relatively short 
payback periods. Rapid development with average 
annual growth of 9.2 percent will continue through 
2025, by which time this technology line will have a 
global market volume of 131 billion technology.

-

-

 

The technology line for passive houses and EnergyPlus 
houses will expand very rapidly, posting an average 
annual growth rate of 32.2 percent in the period from 
2016 through 2025. This is thus the fastest-growing 
technology line in the whole of the lead market for 
energy efficiency.
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Figure 23: Individual technology lines’ share of the global market volume in the market segment for energy-efficient 
production processes in 2016 (in percent)
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Figure 24: Individual technology lines’ share of the global market volume in the market segment for energy-efficient 
appliances in 2016 (in percent)

Source: Roland Berger (2017) 

Figure 25: Individual technology lines’ share of the global market volume in the market segment for energy-efficient 
buildings in 2016 (in percent)

 

 

Source: Roland Berger (2017) 

Figure 24: Individual technology lines’ share of the global market volume in the market segment for energy-efficient 
appliances in 2016 (in percent)

Figure 25: Individual technology lines’ share of the global market volume in the market segment for energy-efficient 
buildings in 2016 (in percent)
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Germany: The lead market for energy 
efficiency

In Germany, the lead market for energy efficiency had 
a volume of 83 billion technology in 2016. Besides 
ramping up the generation of power from renewable 
sources, improving energy efficiency is one of the key 
ways to reduce greenhouse gas emissions in the energy 
sector. it follows that energy efficiency is central to the 
energy sector’s transition toward sustainability; and its 
growing importance is reflected in the development of 
this lead market in Germany. Average annual growth 
of 9.1 percent will increase its market volume from 
83 billion technology in 2016 to 182 billion technology 
in 2025 (see Figure 26). As in the international market, 

cross-sector components account for the largest share 
of this lead market’s volume, although this market 
segment is developing faster in Germany than on 
a global scale. Between 2016 and 2025, cross-sector 
components will grow at an average annual rate of 
10 percent in Germany, against 5.7 percent worldwide. 
The faster pace of growth in the German market seg
ment is attributable in particular to the relatively heavy 
weighting of industrial value added in this country, as 
well as to the regulatory frameworks that exist at the 
national and EU levels. The improvement of energy 
efficiency is anchored in German and EU energy policy. 
At manufacturing companies across a broad spread of 
industries, demand for energy-efficient products, 
processes and services will increase in the years ahead.

Figure 26: Development of the lead market for energy efficiency in Germany, 2016 to 2025 (billion euros, average annual 
change in percent) 

Source: Roland Berger (2017) 
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Figure 26: Development of the lead market for energy efficiency in Germany, 2016 to 2025 (billion euros, average annual 
change in percent) 
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Material efficiency

According to a baseline report by the World Resources 
Forum,30 worldwide consumption of raw materials 
stands at 85 billion tonnes per annum. If nothing is 
done to curb consumption, the use of natural resources 
will double by 2050. By contrast, the more efficient use 
of resources could cut consumption by 28 percent in 
the same period.31 If this optimistic scenario, outlined 
by the World Resources Forum, is to become reality, 
extensive measures must be taken to improve material 
efficiency. The products, processes and services in the 
lead market of the same name play a significant part in 
achieving this aim.

In 2016, the lead market for material efficiency had 
a global market volume of 521 billion euros. Average 
annual growth of 8.1 percent will swell this figure 
to 1,049 billion euros by 2025 (see Figure 27). This 
expansion will be driven primarily by the market 

 
 

 
 

segments cross-application technologies and renew
able resources, which are growing faster than the lead 
market as a whole.

-

-

 

Figure 27: Development of the global lead market for material efficiency by market segment, 2016 to 2025 (billion euros, 
average annual change in percent)

 

Source: Roland Berger (2017) 

The market segment for cross-application technologies 
and methods – abbreviated here to “cross-application 
technologies” for the sake of convenience – comprises 
technologies that are not restricted to any particular 
industries, but are of relevance to applications in a 
wide range of sectors. Information and communication 
technologies are classic examples of cross-application 
technologies that are vitally important to every branch 
of industry today. Biotechnology, nanotechnology and 
organic electronics are other good examples. These 
three lines are seen as key technologies for the ongoing 
development of material-efficient products and pro
cesses – hence the significance attached to them in this 
analysis of the market segment for cross-application 
technologies. A global market volume of 235 billion 
euros – 45 percent of the total global market volume for 

30 The World Resources Forum is an international panel of scientists operating under the aegis of the United Nations Environment Pro
gramme. It applies itself to the sustainable use of resources and produces reports and recommendations on this subject.

 -

31 See Bundesministerium für Wirtschaft und Energie (2017d). 

Figure 27: Development of the global lead market for material efficiency by market segment, 2016 to 2025 (billion euros, 
average annual change in percent)
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material efficiency – made this the biggest segment of 
the lead market in 2016. Growing at an average annual 
rate of 9.2 percent, it will further increase its weight
ing within the lead market for material efficiency by 
2025. In 2025, the global market for cross-application 
technologies will have a projected volume of 520 billion 
euros. Nanotechnology had a global market volume of 
142.7 billion euros in 2016 and was the largest technolo
gy line – both within the market segment for cross-
application technologies and within the whole of this 
lead market. Nanotechnology will retain this leading 
position in 2025.

- 

-

Organic electronics boasts the fastest rate of growth in 
the market segment for cross-application technologies. 
This technology line will expand at an average annual 
rate of 16.8 percent between 2016 and 2025, driven 
above all by the greater use of organic electronics in 
photovoltaics, lighting and displays. A global market 
volume of 71 billion euros is forecast for this technology 
line in 2025.

In the market segment for renewable resources,32 a 
volume of 12.1 billion euros gave the technology line 
bioenergy (for heat and power generation) a 19 percent 
share of the global market (see Figure 28). This techno
logy line covers the sale of biomaterials such as pellets, 
biochar and biogas that are used to generate power 
and heat. The bioenergy technology line is projected 
to grow at an average annual rate of 16.7 percent from 
2016 through 2025, resulting in a global volume of 
48.6 billion euros in 2025. Demand is likewise increasing 
for paints and varnishes made from renewable resources, 
many of which are mixed with conventional paints. 
This trend is reflected in average annual growth of 
7.5 percent, which will cause the global market volume 
for this technology line to nearly double from 11.6 billion 
euros in 2016 to 22.3 billion euros in 2025.

-

 

 

The composite materials technology line currently 
has a 13 percent share of the global market volume for 
material efficiency. Combining natural fibers with plas
tics creates composite materials (such as wood-plastic 
composites) that not only reduce the consumption of 
finite resources, but also often possess superior quali
ties to conventional fiber composites, including lighter 
weights and greater stability. Bioplastics accounted for 
a 14 percent share of the global volume in the market 
segment for renewable resources in 2016, and this tech

-

-

-

nology line is set to gain considerably in importance in 
the years to come. In the period to 2025, we expect to 
see average annual growth of 18 percent – driven by the 
scaled-up mass production of bio-based plastics. 
In terms of global volume, natural cosmetics – worth 
11 billion euros – represent a sizeable share (17 per
cent) of the market segment for renewable resources. 
Growing consumer demand for consumer products 
with natural ingredients will continue to buoy this 
expansion, with average annual growth of 15.1 percent. 
In 2025, the global market for natural cosmetics will 
be worth 39 billion euros. The growing importance 
consumers attach to transparency about ingredients is 
mirrored in this development.

-

32 When evaluating the use of renewable resources, it is essential to consider the environmental impact across the entire production and 
supply chain. For example, if rainforests are cut down or monocultures that are detrimental to biodiversity are established in order to 
grow energy or industrial crops, the advantages with respect to resource efficiency are greatly reduced or even eliminated.
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Figure 28: Individual technology lines’ share of the global market volume in the renewable resources market segment in 2016 
(in percent)

Source: Roland Berger (2017) 

The protection of environmental goods is another seg
ment of the lead market for material efficiency: A close 
correlation exists between spiraling demand for resour
ces, the increasing extraction of natural resources and 
the resultant damage and risks to our ecosystems. In 
2016, a global market volume of 82.8 billion euros made 
groundwater protection and water conservation by far 
the largest technology line in this market segment. 
In the same year, the technology line nature and lands
cape conservation had a global market volume of 
29.2 billion euros. Emerging nations in particular 
are now engaging in preventive investment to guard 
against natural disasters. More money is also being 
channeled into nature and landscape conservation. 
Against this backdrop, the latter technology line will 
realize average annual growth of 11.6 percent between 
2016 and 2025, putting its global market volume at 78.4 
billion euros in 2025.

-

-

-

The market segment for climate-adapted infrastruc
ture currently has a relatively modest volume of just 
6.8 billion euros. Within this segment, flood protection 
was the largest technology line in 2016, with a global 
market volume of 5.8 billion euros that will increase to 
nearly 9 billion euros by 2025. This forecast is based on 
ramped-up flood protection measures in Europe and in 
Southeast Asia, Pakistan and India – especially because 
the danger of disastrous flooding is growing as a conse
quence of climate change. As extreme weather events 
become more frequent in many regions, the technology 
lines storm protection and heat and fire protection will 
also gain ground in the years ahead.

-

-

Figure 28: Individual technology lines’ share of the global market volume in the renewable resources market segment in 2016 
(in percent)
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Germany: The lead market for material 
efficiency

In Germany, the lead market for material efficiency 
was worth 63 billion euros in 2016. Growing impor
tance is being attached to improvements in material 
efficiency, and the key instrument deployed for this 
purpose is the German government’s resource effi
ciency program. Further expansion is therefore to be 
expected in this lead market. Average annual growth 
of 10.5 percent is projected for Germany in the period 
from 2016 through 2025, leading to a market volume of 
155 billion euros in 2025. Cross-application technolo
gies and methods will be the mainstay of this growth, 

-

-

-

with annual growth rates of 18.2 percent predicted in 
Germany through 2025. To put that in perspective: The 
anticipated global growth rate is only 9.2 percent. The 
divergence can be put down to [Germany’s] diverse 
array of research projects and numerous spin-offs from 
scientific institutions. In the years to come, these highly 
innovative enterprises will increasingly bring the 
fruits of their development work to bear on high-tech 
products made in Germany. In particular, the market 
for nanotechnology is experiencing vigorous growth 
in coatings and equipment to process nanoparticles. By 
no means least, this development is being supported by 
programs and initiatives such as the nanotechnology 
action plan “Nano in Germany”, launched in 2015.

Figure 29: Development of the lead market for material efficiency in Germany, 2016 to 2025 (billion euros, average annual 
change in percent)

Source: Roland Berger (2017) 
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Figure 29: Development of the lead market for material efficiency in Germany, 2016 to 2025 (billion euros, average annual 
change in percent)
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-

-

-

-

-

-

-

-
-

Urban mining  

“Germany has few raw materials.” Though often 
aired in the context of resource efficiency, it is worth 
taking a closer look at this claim, because Germa
ny is actually richly endowed – at least in terms of 
secondary raw materials. Vast reserves of resources 
in the form of anthropogenic material deposits lie 
hidden in buildings, infrastructure and consumer 
durables. Unearthing this buried treasure helps 
conserve natural resources, and one way to do so is 
to pursue urban mining. Germany’s Federal Environ
ment Agency defines this practice as “the integrated 
management of anthropogenic material deposits 
with the aim of recovering secondary raw materials 
from durable goods and deposits”.33 Literal inter
pretations of the concept of “urban mining” can be 
misleading: The practice is not confined only to ur
ban deposits of resources, but embraces everything 
from electrical equipment and cars to infrastruc
tures, buildings and whatever ends up in landfills.

There are many reasons to tap anthropogenic 
deposits, one of them being the sizeable proportion 
of reusable materials they contain: Components 
and machinery, for example, contain lots of metals 
in pure or highly alloyed form, whereas the same 
resources occur only in lower concentrations in 
natural ore deposits: The gold content in an average 
mobile phone equates to the yield from 16 kilo
grams of gold ore.

One major challenge in urban mining is that it 
sometimes takes decades before the material cycles 
for buildings, infrastructure and consumer dura
bles can be closed. Such lengthy timespans make 
it difficult to identify what materials are available 
and determine their composition. That is why urban 
mining strategies look beyond traditional waste 
management concepts in the way they analyze ma
terial cycles. Urban mining takes a full-lifecycle view 
of durable goods: Even while they are still in use, 
it keeps a clear focus on materials to ensure that 
future resource flows can be forecast and optimized 
reuse trajectories mapped out at an early stage.
There are still gaps in our knowledge of the com
position of Germany’s anthropogenic material de
posits. To plug these gaps, the Federal Environment 
Agency has launched a project entitled “Mapping 
the anthropogenic material deposits in Germany”.34

The Fraunhofer Project Group Materials Recycling 
and Resource Strategies IWKS also concerns itself 
with this topic.35 One area of research for IWKS’ 
scientists is the extraction of reusable resources 
from material systems such as metallurgical slag 
and the recovery of metals from mineral and organic 
sludge. Another issue is the recovery of secondary 
raw materials from landfills.36

33 See Umweltbundesamt (2016b). 
34 See Umweltbundesamt (2015a).  
35 See Fraunhofer-Projektgruppe für Wertstoffkreisläufe und Ressourcenstrategie IWKS (2017).  
36 This niche aspect of urban mining is also referred to as landfill mining. 
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Carbon capture and utilization: CO2 as a raw material  

 
 

Carbon capture and utilization (CCU) is helping us 
to see CO2 in a new light. Bedeviled as a “climate 
killer”, carbon dioxide also has the potential to 
become a source of raw materials. The abbreviation 
CCU stands for technologies and processes “that use 
carbon dioxide directly or, after chemical transforma
tion, as a carbon compound in materials and energy 
sources”.37 The verbal noun “utilization” clearly sets 
CCU apart from carbon capture and storage (CCS) 
technology: CCS permanently sequesters CO2 under
ground to keep it from escaping into the atmosphe
re. In contrast, CCU seeks to use CO2 emissions as 
an alternative source of carbon. In keeping with the 
idea of the circular economy, this approach enables 
industrial CO2 cycles to be closed.

The CO2 for CCU technologies can be recovered 
primarily from emissions generated by industrial and 
power plants, where it is filtered from flue gas. Given 
the relatively high costs and slack demand, however, 
the relevant processes are not yet firmly established. 
Nor have reservations about risks to the environment 
– during the transportation of CO2, for example –yet 
been fully resolved.

The atmosphere itself could also be a potential 
source of CO2. Chemical/technical processes could 
filter existing CO2 emissions out of the air (by means 
of direct air capture), although this approach is not 
yet ready for commercial use.

Once captured, CO2 can be put to a variety of uses. 
Physical utilization exploits CO2 in a solid or liquid 
state – in dry ice, fire extinguishers and drinks, for 
example. After chemical transformation, it can serve 
as a raw material to produce carbon compounds with 
high-grade energy properties (material recovery). 
These properties are needed above all in pharmaceu
tical products, solvents and fertilizers. Liquid fuels 
and synthetic gases can also be produced with CO2 
and used to store energy. As things stand, however, 
these energy recovery processes are only deployed in 
demo installations.

A recent study investigated what CCU technologies 
might contribute to climate and innovation policy.38 
It found that CCU harbors significant potential to 
mitigate climate change, mainly through gains in 
energy efficiency and by substituting fossil resour
ces. The study nevertheless concludes that it will be 
decades before carbon capture and utilization can be 
deployed on a broad front.

37 See Institute for Advanced Sustainability Studies (IASS) (2014).
38 See Piria, Raffaele/Naims, Henriette/Lorente Lafuente, Ana Maria (2016). 

GreenTech made in Germany 2018

Carbon capture and utilization: CO2 as a raw material  



74 GreenTech made in Germany 2018

Sustainable mobility

The transport sector is responsible for 24 percent of  
the world’s greenhouse gas emissions.39 The conclu
sion is obvious: Global climate policy targets can be 
met only if we succeed in reducing mobility-related 
CO2 emissions. Closer inspection of the transport 
sector identifies motorized road traffic – cars, trucks, 
buses and motorcycles – as the predominant source of 
CO2 emissions. 75 percent of all the greenhouse gases 
emitted by the transport sector are churned out on our 
roads,40 which is why climate-friendly technologies 
for use in cars and trucks are of special importance to 
efforts to mitigate climate change.

-

It is true that, on average, cars and trucks in Germa
ny produce fewer greenhouse gas emissions and air 
pollutants than in the past. Since 1995, per-kilometer 
CO2 emissions have decreased on average by 13 percent 
for cars and 31 percent for trucks. The downside is that 
more vehicles in general – and more trucks in particu
lar – are now out and about than two decades ago. As 

-

-

a result, greenhouse gas emissions from road freight 
transportation are actually 16 percent higher than in 
1995. This growing traffic volume is a key reason why 
the transport sector has so far contributed less than 
other sectors to the realization of Germany’s climate 
policy target: to reduce greenhouse gases by 40 percent 
relative to 1990 levels by 2020. By 2014, the transport 
sector had managed to reduce its CO2 emissions by a 
mere 2.6 percent against the base year 1990. Overall, 
CO2 emissions are down by 27.7 percent in the same 
period.41 Mobility must therefore experience a 
sustainable transformation if greenhouse gases 
and other harmful impacts on the environment are 
to be reduced in the transport sector.

 
 

 

Globally, sustainable mobility is the fastest-growing 
lead market in the green tech industry. Between 2016 
and 2025, it will expand at an average annual rate of 
10.2 percent. The global market volume of 412 billion 
euros recorded in 2016 will thus climb to 988 billion 
euros in 2025 (see Figure 30).

39 See International Energy Agency (2016c), page 97. 
40 See BDL − Bundesverband der Deutschen Luftverkehrswirtschaft (2017), page 6. 
41 See Umweltbundesamt (2017d).  

Figure 30: Volume development in the global lead market for sustainable mobility by market segment, 2016 to 2025 
(billion euros, average annual change in percent)

 

Source: Roland Berger (2017) 

Figure 30: Volume development in the global lead market for sustainable mobility by market segment, 2016 to 2025 
(billion euros, average annual change in percent)
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By far the strongest growth will be in alternative drive 
technologies not only for cars, but also for other modes 
of transportation such as e-buses, e-bikes and e-scoot
ers. In the period from 2016 through 2025, the market 
segment for alternative drive technologies will record 
average annual growth of 29.2 percent. It will thus 
reach a projected global market volume of 335 billion 
euros by 2025 – up from 34 billion euros in 2016. The 
impetus for this rapid growth will come primarily from 
the technology line electric drive systems, which will 
reach the mass production phase. An average annual 
growth rate of 35.6 percent will boost this technology 
line’s share of the total volume for this market segment 
from 49 percent in 2016 to 76 percent in 2025.

-

This development represents a shift in the relative 
weightings of the technology lines within the market 
segment. In 2016, hybrid drive systems, which have 
already reached maturity, accounted for a 50 percent 
share of the global volume in this market segment 
(see Figure 31). By 2025, that share will have shrunk 
to 21 percent. Fuel cells will post forceful average 
annual growth, albeit starting from a very low level. 

 
 

Figure 31: Individual technology lines’ share of the global market volume in the alternative drive technologies market 
segment in 2016 (in percent)

 

Source: Roland Berger (2017) 
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The worldwide market volume for this technology line 
was 77 million euros in 2016. Fuel cell drive systems 
currently only exist in pre-series versions, and the cost 
of this technology is still relatively high. As with the 
charging infrastructure for battery-electric vehicles, 
the hydrogen refueling infrastructure needed to get 
the market for fuel cell vehicles up and running is still 
lacking.

In the market segment for efficiency gains, lightweight 
engineering technologies are a definite growth trend. 
These technologies reduce vehicle weights and hence 
fuel consumption. In combination with improved 
aerodynamics, rigorous lightweight engineering can 
significantly increase energy efficiency in cars. This 
makes the discipline an important area for achieving 
fuel savings in automotive engineering and the aviation 
industry. Lightweight engineering technologies also 
help cut costs, for example by reducing demand for 
materials or by substituting cheaper materials (such as 
plastic springs) for more expensive ones (steel springs). 
The global market volume for this technology line was 
76.2 billion euros in 2016 and will double to  

Figure 31: Individual technology lines’ share of the global market volume in the alternative drive technologies market 
segment in 2016 (in percent)
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153.1 billion euros by 2025, reflecting average annual 
growth of 8.1 percent. Efficiency gains in combustion 
engines remain an important aspect of the lead market 
for sustainable mobility. This technology line made up 
41 percent of the global market volume in the mar
ket segment for efficiency gains in 2016. Despite the 
increasing pene-tration of alternative drive systems, 
the majority of cars worldwide will continue to feature 
combustion engines in the coming years. These engines 
are also needed in combination with electric drive 
systems, for example in hybrid vehicles and as range 
extenders in electric cars.

-

-

 
 

 
 

 
 

-

 
 

 

-
-

 

 
 

 

The market segment for traffic management and trans
portation infrastructure had a global market volume 
of 169.9 billion euros in 2016. By far the largest share 
of this segment (62 percent) was accounted for by the 
technology line rail vehicles and rail infrastructure (see 
Figure 32). The dominant position of this technology 
line will not change in the years ahead, and its global 
market volume will be close to 149 billion euros in 
2025. Although many cities are straining at the limits 
of their capacity to absorb individual motorized 
transportation, more and more people will live in 
urban spaces in the future. At the same time, there 
is a growing awareness of how vehicular traffic pollutes 
the environment. All these trends are causing public 
transport to gain in importance – a development 
reflected in average annual growth of 5.4 percent in 
the latter technology line between 2016 and 2025. The 
global market volume for the public transport tech

nology line will increase from 25.2 billion euros in 
2016 to 40.6 billion euros in 2025. Also on the up are 
investments in cycle paths, with cycling attracting new 
adherents in more and more countries as an alternative 
to using the car for short urban journeys. The global 
market volume for car sharing currently remains low 
at 1.8 billion euros. However, this technology line 
will grow impressively at an average annual rate of 
30 percent, reaching a projected global market volume 
of 19 billion euros in 2025.

The public charging and refueling infrastructure (for 
hydrogen) must be expanded if vehicles with alterna
tive drive systems are to realize greater market pene
tration.42 In 2016, the global market volume for filling 
station infrastructure for alternative drive systems 
was 1.8 billion euros. Backed by growing demand for 
vehicles with alternative drive systems, this technology 
line will develop extremely rapidly in the period from 
2016 through 2025, with average annual growth of 
55.6 percent. In 2025, the global market volume will 
tip 98 billion euros.

42 We include hybrid, electric and fuel cell drive systems in this category.
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Figure 32: Individual technology lines’ share of the global market volume in the transportation infrastructure and traffic 
management market segment in 2016 (in percent)

Source: Roland Berger (2017)

Germany: The lead market for 
sustainable mobility 

 

The lead market for sustainable mobility had a volume 
of 74 billion euros in Germany in 2016. Thanks to an 
average annual growth rate of 8.8 percent, it is projected 
to reach a volume of 157 billion euros in 2025 (see 
Figure 33).

Alternative drive technologies are expanding at an 
exceptionally fast pace. Between 2016 and 2025, this 
market segment will see its German volume surge from 
1 billion euros to 37 billion euros. That equates to average 
 annual growth of 49.3 percent. The market penetration 
of e-mobility is the main factor behind this frantic de
velopment. On a global level, growth in this market seg
ment is lower (29.2 percent). The discrepancy suggests 
that e-mobility is set to gain ever greater significance in 
Germany in the years ahead. In the wake of the diesel 
scandal that received wide media coverage in summer 
2017, it is likely that the “mobility transition” will gain 
considerable traction in Germany. 

-
-

More and more countries have declared the combustion 
engine to be obsolete. The UK and France are targeting a 
ban on combustion engines in newly registered vehicles 
as of 2040. India plans to do the same from 2030 and 
Norway from 2025. Germany’s heavily export-oriented 
car markets cannot escape the pressure that is building 
on international markets. It is therefore reasonable to 
assume that more and more e-models with appealing 
technology and attractive prices will come onto the 
market in the future. That in turn should fuel greater 
interest and acceptance on the demand side.

Figure 32: Individual technology lines’ share of the global market volume in the transportation infrastructure and traffic 
management market segment in 2016 (in percent)
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Figure 33: Volume development in the global lead market for waste management and recycling by market segment, 
2016 to 2025 (billion euros, average annual change in percent)

 

Source: Roland Berger (2017)

Waste management and recycling

Greater importance than in the past is now being 
attached to the waste management industry all around 
the world – not least because its relevance to environ
mental protection, the mitigation of climate change 
and the sustainable use of resources is becoming ever 
more apparent. Starting from a global market volume 
of 110 billion euros in 2016, this lead market will swell 
to 210 billion euros by 2025 at an average annual 
growth rate of 7.4 percent (see Figure 34).

-

 

Waste collection, transportation and separation 
remains the dominant segment of the lead market for 
waste management and recycling. The global volume 
for this market segment was 75 billion euros in 2016, 
giving it a 75 percent share of the whole waste manage
ment and recycling industry. In the period from 2016 
through 2025, the market segment for waste collection, 
transportation and separation will grow at an average 
annual rate of 5.7 percent, bringing the global market 
volume to 210 billion euros in 2025. With a global mar
ket volume of 65 billion euros in 2016, waste collection 
and transportation was easily the largest technology 
line in the lead market for waste management and re
cycling. Its share of the entire industry’s global market 

-

-

-

volume was 59 percent in the same year. The waste 
separation technology line will expand at an average 
annual rate of 13.8 percent between 2016 and 2025. 
This trend testifies to some emerging nations’ growing 
willingness to invest. China, where automated waste 
separation and recycling plants are increasingly taking 
over from manual waste separation, is a case in point.

The global market segment for material recovery spans 
the technology lines mechanical recycling and feed
stock recycling and was worth 18 billion euros in 2016. 
Of the two lines, feedstock recycling predominates. Its 
global market volume totaled 13.6 billion euros in 2016, 
accounting for a 76 percent share of the global volume 
in the material recovery segment. Feedstock recycling’s 
global volume should be 33 billion euros in 2025 – two 
thirds of the global volume for the entire material 
recovery segment. Nevertheless, mechanical recycling 
too will gain in importance in this market segment. 
Between 2016 and 2025, it will realize average annual 
growth of 16.5 percent, while feedstock recycling will 
expand at the slightly slower rate of 10.3 percent. From 
the point of view of environmental policy, this trend is 
heading in the right direction, as mechanical recycling 
generally has a smaller ecological footprint.

-

Figure 33: Volume development in the global lead market for waste management and recycling by market segment, 
2016 to 2025 (billion euros, average annual change in percent)
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Figure 34: Volume development in the global lead market for waste management and recycling by market segment, 
2016 to 2025 (billion euros, average annual change in percent)

 

Source: Roland Berger (2017) 

The lead market for waste management 
and recycling

Germany’s waste management and recycling indus
try was worth 20 billion euros in 2016. Average annual 
growth of 5.7 percent is predicted through 2025, which 
should raise the market volume to 32 billion euros 
(see Figure 35). As in the international lead market, the 
waste management and recycling industry in Germany 
is likewise dominated by the market segment for waste 
collection, transportation and separation.

-

Figure 34: Volume development in the global lead market for waste management and recycling by market segment, 
2016 to 2025 (billion euros, average annual change in percent)
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Figure 35: Volume development in the lead market for waste management and recycling in Germany, 2016 to 2025 
(billion euros, average annual change in percent) 

 

Source: Roland Berger (2017)

Figure 35: Volume development in the lead market for waste management and recycling in Germany, 2016 to 2025 
(billion euros, average annual change in percent) 
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Obsolescence  

One Latin-English dictionary defines the verb “obso
lescere” as “to fall into disuse, to be forgotten about”. 
Another possible rendering is “to go out of fashion”. 
Today, the English word “obsolescence” is used to 
denote the aging of products. It is the subject of 
heated debate, for two reasons: Some consumers 
allege that manufacturers deliberately build defici
encies into their devices and equipment to limit their 
lifecycle a priori. The suspicion is that this “planned 
obsolescence” takes effect shortly after any relevant 
warranty and guarantee periods have expired. On 
the other hand, the shorter lifespan of products in 
today’s “throwaway society” constitutes an ecologi
cal problem. The process of manufacturing products 
places a burden on the environment and the climate. 
If yesterday’s products are replaced more quickly by 
new purchases, this could negate the positive effects 
of resource efficiency.

A study by Öko-Institut e.V. (the Institute for Applied 
Ecology) and the University of Bonn43 recently inves
tigated the phenomenon of obsolescence. The study 
focused on 13 groups of electrical and electronic de
vices. It found that refrigerators, televisions, washing 
machines, smartphones and notebooks are indeed 
being used for ever shorter periods. For example, the 
average service life of large household appliances 
declined from 14.1 years to 13 years between 2004 
and 2012. In the case of notebooks, the period from 
purchase to replacement purchase – known as the 
initial use period – shrank from 5.7 years to 5.1 years 

between 2007 and 2012. More than 40 percent of 
users in Germany replace their mobile phone after 
two years.44

There are many and varied reasons for obsolescence. 
Functional obsolescence occurs when the functional 
and technical demands placed on a product change. 
It may no longer be possible to use a product be
cause its interfaces are no longer compatible, for 
instance. The term psychological obsolescence 
describes the practice of replacing products that 
still work properly because fashions, consumption 
patterns or technical trends have changed. Lastly, 
when it would cost more to repair or service a 
product than to buy a new one, one speaks of 
economic obsolescence. The Öko-Institut study 
clearly showed that, in consumer electronics and 
information technology, advances in technology 
and the desire for a better piece of equipment are 
often the reason for a new purchase. And while no 
evidence of planned obsolescence was found, the 
Federal Environment Agency sees a need for action 
to counteract product lifecycles that are too short. 
“The service life of many devices is too short,” says 
Maria Krautzberger, president of Germany’s cen
tral environmental authority. “From an ecological 
perspective, that is unacceptable. Manufacturing 
products consumes valuable resources. Pollutants 
and greenhouse gases burden the environment and 
the climate. We need to think about minimum require
ments in terms of product lifecycle and quality.”45

43 See Umweltbundesamt (eds.) (2016c). 
44 See Öko-Institut e.V. (2016), page 4f.
45 See Umweltbundesamt (2016d).
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Plastic waste in the oceans 

In February 2017, a Cuvier’s beaked whale was 
stranded off the coast of Norway. When scientists 
from the University of Bergen dissected the animal, 
they found 30 plastic bags and large quantities of 
microplastic in its stomach. The plastic waste had 
formed a plug, with the result that the whale was 
severely weakened and emaciated and had had to 
be put down.46

Around 2.7 million tonnes of plastic finds its way 
into the oceans every year. It takes centuries for 
plastic to degrade: A robust plastic bottle can 
survive for 400 years. On average, every square 
kilometer of the ocean’s surface contains 13,000 
particles of plastic debris.47 Gigantic vortexes of 
trash have formed in some marine areas, the biggest 
of which is “The Great Pacific Garbage Patch” in the 
northeastern Pacific, north of Hawaii. This patch 
covers an area as big as Central Europe.

Plastic waste poses a huge threat to sea creatures 
and seabirds. At least a million seabirds and 100,000 
other marine organisms die as a result every year. 
They get caught up in or strangled by bits of nets or 
packaging materials.48 When the sun, seawater and 
the ocean swell causes plastic debris to disintegrate, 

it is swallowed by fish and seabirds. The indigestible 
material clogs their stomachs and the creatures 
starve to death.

As plastics decompose, they also release toxic 
additives and additives with hormonal effects such 
as softening agents, flame retardants and UV filters. 
Microorganisms living in the oceans have no way 
of breaking down these plastics, which are left 
floating around as microparticles. The proportion of 
microplastic in the oceans is observably increasing: 
Scientists from the University of Oldenburg, for 
example, have found microplastic in all fecal sam
ples gathered from common and gray seals in the 
mudflats on the shores of Lower Saxony.49

Microplastic finds its way into the oceans not only 
as plastic waste disintegrates, but also in the form 
of direct aquatic input. Many cosmetics and body 
care products such as peelings, shower gels and 
toothpaste contain plastics (including polyethyl
ene). Every time clothes made of fleece and other 
polyester or polyacrylic fabrics are washed, micro
plastic particles are flushed out and – since sewage 
treatment plants are unable to filter out the tiny 
particles – end up in the sea.

Under the motto “Stop! Micro Waste”, Berlin-based 
Langbrett developed the “GuppyFriend” for which 
it has filed a patent. Measuring 50 x 60 centimeters 
and made of industrial fabric, this bag can be filled 
with dirty linen and placed in the drum of a washing 
machine. The fibers flushed out of sports, fleece and 
other plastic textiles get caught in the bag – and go 
no further.50

The pollution of the oceans with microplastic 
endangers the marine ecosystem. But it can also di
rectly affect humans via the food chain. Particles of 
microplastic bind persistent toxic pollutants to their 
surface, which in turn can cause harmful substances 
to be enriched throughout the food chain.

46 Unattributed (2017b).  
47 See Umweltbundesamt (2015b). 
48 Ibid.
49 Ibid.
50 See Willenbrock, Harald (2016).
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Sustainable water management

Clean water for everyone on the planet is one of the 
sustainable development goals formulated in the 2030 
Agenda. Yet meeting this target remains a serious 
challenge – especially in the face of a growing global 
population, increasing water consumption, ever greater 
pollution of our water and a water crisis exacerbated 
by climate change in many parts of the world. The lead 
market for sustainable water management therefore 
clearly has a pivotal role to play – a fact reflected in 
the development of the global market volume, which 
was 667 billion euros in 2016. Given an average annual 
growth rate of 4.6 percent, the market volume is fore
cast to top the one billion mark in 2025 (see Figure 36). 
Globally, the market segment for efficiency gains in wa
ter usage harbors the greatest potential going forward.

-

-

-

 

 

 

 

-
-

Figure 36: Volume development in the global lead market for sustainable water management by market segment, 2016 to 2025 
(billion euros, average annual change in percent)

Source: Roland Berger (2017) 
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Figure 36: Volume development in the global lead market for sustainable water management by market segment, 2016 to 2025 
(billion euros, average annual change in percent)

In the market segment for efficiency gains in water 
usage, volume is distributed across three technology 
lines that differ in terms of their areas of application: 
water efficiency technologies in agriculture, in com
mercial and industrial areas, and in households (see 
Figure 37). Due to global population expansion, water 

efficiency technologies in agriculture are one of the 
growth drivers in the lead market for sustainable water 
management. In the period from 2016 through 2025, 
this technology will grow by an annual average of 20.3 
percent, with the global market volume rising from 
13 billion euros in 2016 to 68 billion euros in 2025.

This development means that the market segment for 
efficiency gains in water usage will increase its share of 
the total lead market from 2.6 percent in 2016 to 11.2 
percent in 2025. The crucial factor behind this forceful 
growth is increasing demand for artificial irrigation 
of agricultural land. Agricultural areas with starkly 
variable climatic conditions and a chronic shortage 
of water are particularly dependent on the use of 
irrgation technologies to produce adequate harvests 
for their growing populations. Even in regions that 
essentially have a sufficient supply of water, irrigation 
technologies are increasingly also being used for special 
crops. Interaction between infrastructure, technology 
and the practice of irrigation makes a decisive contribu
tion to the optimal use of farmland. Especially in emerg
ing nations, water efficiency technologies play a key role 
in the transformation to sustainable agriculture.
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Figure 37: Individual technology lines’ share of the global market volume in the market segment for efficiency gains in water 
usage in 2016 (in percent)

Source: Roland Berger (2017)

The market segment for water production and treat
ment was worth 225.7 billion euros in 2016, represent
ing a third of the lead market for sustainable water 
management. Between 2016 and 2025, average annual 
growth in this market segment will be 4.8 percent. 
Again, global population growth is a key driver of this 
expansion. With average annual growth of 6.0 percent, 
water treatment will slightly outpace the lead market 
as a whole. The water distribution technology line – 
part of the water system market segment – had a global 
market volume of 210.4 billion euros in 2016, thus 
accounting for a 32 percent of the total lead market 
for sustainable water management. Water distributi

-
-

-

on is an investment-intensive technology line whose 
growth is influenced by regulation in many countries. 
The global market volume for this technology line is 
forecast to rise to 266 billion euros by 2025. Wastewater 
collection and transportation – the second technology 
line in the water system market segment – is currently 
still characterized by lower technological standards and 
is less investment-intensive than water distribution. 
The global market volume for wastewater collection 
and transportation is correspondingly smaller, at 
90.4 billion euros in 2016, though it will increase to 
117.6 billion euros in 2025.

 
 

Figure 37: Individual technology lines’ share of the global market volume in the market segment for efficiency gains in water 
usage in 2016 (in percent)
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Germany: The lead market for 
sustainable water management 

 

Sustainable water management is expanding at a faster 
rate in Germany than internationally. In the period 
from 2016 through 2025, this lead market will grow 
here by an annual average of 11.8 percent (see Figure 
38), against a global average annual growth rate of 4.6 
percent. One reason for this discrepancy is that rela
tively heavy investment in the German water system 

-

is pending in the next few years. First, the investment 
logjam accumulated in recent years needs to be worked 
off. At the same time, however, the country’s water 
system must be aligned with changed conditions: 
Efficiency measures and a dwindling population 
in some regions mean that the water system now 
needs less capacity. This market segment was worth 
8 billion euros in 2016 and is projected to increase to 
29 billion euros in 2025.

 
 
 

 
 

Figure 38: Volume development in the lead market for sustainable water management in Germany, 2016 to 2025 (billion euros, 
average annual change in percent)

Source: Roland Berger (2017)
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Figure 38: Volume development in the lead market for sustainable water management in Germany, 2016 to 2025 (billion euros, 
average annual change in percent)
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-

-

-

-

-

-

-

 

Anthropogenic micropollutants in the water cycle 

Germany’s drinking water is of a high quality. 
Official reports by the Federal Environment Agency 
and the Federal Ministry for the Environment 
routinely give top marks to what comes out of the 
country’s taps. To maintain these high standards, the 
environmental authorities, public health depart
ments and water utilities subject drinking water 
to meticulous controls. Advances in measuring 
methods now even allow them to detect what are 
known as trace elements, the need to deal with 
which is seen as “one of the predominant topics in 
water management”.51

Trace elements are chemical substances that occur 
in minute concentrations of millionths or even 
billionths. In this context, chemical substances 
created by humans are referred to as anthropogenic 
micropollutants. They include the active ingredients 
in medicines, scents used in detergents, cleaning 
agents and cosmetics, softening agents in plastics, 
plant protection agents, and biocides.52

Trace elements enter the water cycle via household 
sewage, via commercial and industrial wastewater, 
and via surface run-off, seepage and groundwater 
run-off from agricultural land. Many trace elements 
can be degraded at wastewater treatment plants 
only in part or not at all.53 As a result, they find their 
way into waterways and groundwater. Degradation 
in treatment plants is possible only with the aid of a 
fourth purification stage that uses either oxidation 
processes with ozone or adsorption to activated car
bon to eliminate trace elements from wastewater.

The concentrations of trace elements or micropol
lutants found in water are generally believed to be 
harmless to consumers. Given the current state of 
scientific knowledge, however, it is not possible to 
completely rule out negative effects on the environ
ment in the long term.54 Following the principle that 
it is better to be safe than sorry, steps are thus being 
taken to reduce the entry of anthropogenic micro
pollutants into the water cycle.

Possible toxic impacts on aquatic organisms include 
stunted growth, restricted reproduction and dis
ruptions during embryonic development, metabolic 
disorders and behavioral problems. For example, 
cichlids that were exposed to psychotropic drugs 
from the benzodiazepine class became reckless and 
were more frequently caught by predators.55

Evidence has been found of ever larger quantities 
of pharmaceutical residues in water. This prob
lem is likely to get worse as demographic change 
increases the number of older people in society and 
the consumption of medication rises accordingly. 
Antibiotics administered in the context of livestock 
farming likewise end up in the groundwater. Given 
the danger that multiresistant germs may form, 
experts see this development as risky and are calling 
for thresholds to limit the level of human and 
veterinary drugs in groundwater.56

51  

 
 
 
 

See Deutsche Vereinigung für Wasserwirtschaft, Abwasser und Abfall e. V. (DWA) (2015), page 8. 
52 See Bayerisches Landesamt für Umwelt (2016), page 2. 
53 Ibid.
54 See Deutsche Vereinigung für Wasserwirtschaft, Abwasser und Abfall e. V. (DWA) (2015), page 8. 
55 See Bayerisches Landesamt für Umwelt (2016), page 3. 
56 See Umweltbundesamt (2016e).
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Leading technology lines: The top ten

This chapter has so far focused on the lead markets, 
their market segments and their technology lines. Our 
analysis was based on market volumes in 2016 and 
their forecast development through 2025. This segment 
now picks out ten specific technology lines from across 
the six green tech lead markets. Two criteria shaped our 
choices: a large share of the total global market volume 
for environmental technology and resource efficiency, 
and a relatively high average annual growth rate. As 
shown in Figure 39, these “top ten” technology lines 
together add up to a market volume of 1,284 billion 
euros – nearly 40 percent of the total green tech market 

volume. At the same time, relatively high growth rates 
lead us to conclude that these technology lines will 
continue to play a prominent role in the green markets 
of the world in the future.

It is immediately striking that five of the top ten 
technology lines – water distribution, water treatment, 
wastewater treatment, water production, and waste-
water collection and transportation – all belong to the 
lead market for sustainable water management. This 
weighting bears clear testimony to the increasing 
importance of supplying water to a growing world 
population and dealing with an ever more acute water 
crisis.

 

Figure 39: Selected technology lines with large global market volumes in 2016 and fast growth rates (billion euros, average 
annual change 2016 to 2025 in percent)

Source: Roland Berger (2017)

GreenTech made in Germany 2018

Figure 39: Selected technology lines with large global market volumes in 2016 and fast growth rates (billion euros, average 
annual change 2016 to 2025 in percent)
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Germany: Efficiency gains in combustion 
engines – The technology line with the 
largest market volume

Breaking the green tech markets in Germany down 
to the level of technology lines produces the splits re
vealed in Figures 40 and 41. Figure 40 highlights the 
ten technology lines in the environmental technology 
and resource efficiency industry that have the largest 
market volume in Germany. Taken together, these 
technologies were worth 154.1 billion euros in 2016, 
accounting for 44 percent of the country’s total green 
tech market.

- 
 

The technology line efficiency gains in combustion 
engines leads the field in Germany with a market 

 

volume of 24.9 billion euros. This position mirrors 
the considerable importance the German automotive 
industry has long attached to developing efficient 
combustion engines. Second place in the rankings goes 
to lightweight engineering, which helps reduce fuel 
consumption and therefore also contributes to gains in 
automotive efficiency. This technology line has a Ger
man market volume of 20.2 billion euros. The fact that 
the technology line efficient heating, air-conditioning 
and ventilation systems has a market volume of 
15.9 billion euros reflects a commitment to improving 
the energy efficiency of buildings. With a volume 
of 16.1 billion euros, measurement and control 
instrumentation is another important technology 
line in Germany’s green tech industry.

-

 

 
 

 

Figure 40: The top ten technology lines in Germany by market size in 2016 (billion euros)

Source: Roland Berger (2017)

Figure 41 shows the top ten technology lines in the 
German green tech market in terms of average annu
al growth in the period from 2016 through 2025. It is 
immediately apparent that five of the fastest-growing 
technology lines belong to the lead market for sustain
able mobility. Driving this growth is the transition to 
environmentally compatible, low-carbon mobility in 
the transport sector. The more vehicles with alternative 
drive systems (especially e-cars) are out and about on 

-

-

Germany’s roads, the greater will be demand for the 
corresponding charging infrastructure. This consid
eration is driving extremely rapid development in the 
technology line filling station infrastructure for alter
native drive systems, where average annual expansion 
of 56 percent is anticipated through 2025.

-

-

The market volume for electric drive systems will 
increase at a similarly vigorous pace. Average annual 

Figure 40: The top ten technology lines in Germany by market size in 2016 (billion euros)
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growth of 53 percent is projected for this technolo
gy through 2025. The technology line hybrid drive 
systems, too, will grow sharply – at an average annual 
rate of 40 percent, according to forecasts. In the market 
segment for alternative drive technologies, not only 
electric drive systems but also fuel cell drive systems 
have an important part to play. Through 2025, this 
technology line is predicted to grow at an average 
annual rate of 28 percent, albeit from a relatively small 
base volume of only 28 million euros in 2016. 

-  

-
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Figure 41: The top ten technology lines in Germany by growth, 2016 to 2025 (average annual change in percent) 

Source: Roland Berger (2017)

Figure 41: The top ten technology lines in Germany by growth, 2016 to 2025 (average annual change in percent) 

Especially in conurbations, car sharing is establishing 
itself as an attractive link in the integrated mobility 
chain. More and more people are keen to use a car 
when they need one without necessarily owning one. 

This attitude is making them more open to car 
sharing offerings, with the result that more providers 
are actively targeting this market. The network of hire 
stations will thus become more tightly meshed in the 
future, driving a forecast average annual growth rate of 
24 percent for this technology line through 2025.

Among the fastest-growing technology lines, the 
market segment for efficiency gains in water usage is 
likewise well represented. This segment’s three tech
nology lines deliver products, processes and services 
to promote the more efficient use of water resources 
in private households, commerce and industry, and 
agriculture. All three technology lines are set to develop 
very rapidly through 2025.
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Close links between the green tech 
industry and other key industries

 

Blurred lines between themselves and other sectors are 
typical of cross-sector industries. That is equally true 
of environmental technology and resource efficiency, 
which overlaps with many key sectors such as me
chanical engineering, the chemical industry, electrical 
engineering and automotive engineering. Both in Ger
many and on the international market, there are many 
companies that started out in one of these traditional 
key industries before adding green products, processes 
and services to their portfolio and diversifying into the 
green tech industry. While remaining firmly anchored 
in their original lines of business, these companies now 
also sell products and services that belong to the envi
ronmental technology and resource efficiency sector.

-

-

-

Figure 42 reveals the extent to which companies that 
originated in other industries beyond the remit of 
environmental technology and resource efficiency now 
also operate on the global green tech market. From 
the whole broad spectrum of key industries, electrical, 
mechanical and automotive engineering were analyzed 

together with the chemical industry for this purpose. 
The main reason for choosing these key industries is 
their tremendous importance to the German econo
my in general and to manufacturing in particular.57 In 
2016, automotive, mechanical and electrical engineer
ing and the chemical industry together accounted for 
43 percent of the world market for environmental 
technology and resource efficiency. Mechanical en
gineering had the largest share (18 percent), followed 
by electrical engineering (13 percent), the chemical 
industry (9 percent) and automotive engineering (3 
percent). The point here is to illustrate the extent to 
which the green transformation has already made in
roads into traditional key industries. As we can clearly 
see, environmental technology and resource efficiency 
products, processes and services are today of great 
importance to the portfolios of companies whose roots 
are outside the green tech industry.

-

-

-

-

57 Combined sales of 969 billion euros mean that automotive, mechanical and electrical engineering and the chemical industry together 
account for roughly 69 percent of the total revenue posted by all of Germany’s industrial companies. All in all, some 2.8 million people 
work in these four industries – approximately 58 percent of the country’s entire industrial workforce. See Bundesministerium für Wirt
schaft und Energie (2017e). 

Figure 42: Traditional industries’ share of the global market for environmental technology and resource efficiency in 2016 (percent)

Source: Roland Berger (2017) 

 

-

Figure 42: Traditional industries’ share of the global market for environmental technology and resource efficiency in 2016 (percent)

Having looked in Figure 42 at the share of the global 
green tech market volume generated by firms from 
electrical, mechanical and automotive engineering 
and the chemical industry, Figure 43 shifts the focus 
to analyzing the market volumes of these four key 
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industries. The bar chart shows what percentage of 
the overall market volume in these four key industries 
is attributable to technology lines in environmental 
technology and resource efficiency. By highlighting the 
share of revenue earned with green products, processes 
and services, the chart demonstrates the importance of 
green tech to other branches of industry.58

Green tech plays an especially prominent role in me
chanical engineering, accounting for 21 percent of the 
global market volume for this cross-sector industry. In 
electrical engineering, environmental technology and 
resource efficiency has an 11 percent share of the global 
market volume. Such figures underscore the consider
able importance attached to green technology in the 
portfolios of companies rooted in these key industries. 
In other words, environmental technology and re
source efficiency is firmly anchored in these traditional 
sectors.

-

-

-

When examining the links between the cross-sector 
green tech industry and other branches of industries, 
a glance at Germany’s construction sector is similarly 
enlightening: Several green tech market segments – 
such as energy-efficient buildings – overlap with this 
sector. In 2016, construction and urban development 
segments of relevance to the environment had a total 
volume of 81 billion euros. That is equivalent to 21 
percent of Germany’s total construction volume 
(350 billion euros).
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58 To avoid the danger of misinterpretations, please note the following: The fact that mechanical engineering’s market volume is shown 
to include a 21 percent share of green technology says nothing about the environmentally friendly and low-carbon nature of those pro
ducts and services that make up the remaining 79 percent of market volume. A green tech market volume of 21 percent means that this 
share of revenue from products, processes and services is earned with technology lines that, in keeping with the Roland Berger market 
model, are attributable to the market for environmental technology and resource efficiency.

Figure 43: Environmental technology and resource efficiency’s share of the global market volume in selected industries in 
2016 (billion euros)

Source: Roland Berger (2017) 

 
-

Figure 43: Environmental technology and resource efficiency’s share of the global market volume in selected industries in 
2016 (billion euros)
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Environmental technology and resource efficiency made 
in Germany: Stimulus for the domestic economy

Positioning of German green tech firms 
on global markets

Green technology that bears the label “made in Ger
many” is much in demand on international markets. 
German providers have a 14 percent share of the global 
market for the cross-sector environmental technology 
and resource efficiency industry. Green tech companies 
from this country have thus successfully stabilized 
the strong international positioning they had already 
established in the past.59 While the same global market 
share of 14 percent was also calculated in 2013, the 
individual lead markets’ proportion of this global share 
has shifted slightly in the meantime. Between 2013 and 
2015, the lead market for sustainable mobility boosted 

-

its global market share from 17 to 21 percent. In the 
same period, German providers of products, processes 
and services in the lead market for energy efficiency 
raised their share of the global market from 12 to 13 
percent. In sustainable water management, German 
companies’ 11 percent share of the global market re
mained unchanged.

-

Overall, Germany’s green tech firms thus accounted 
for a 14 percent share of the global market volume in 
2016. Germany’s share of global economic output was 
4.6 percent in the same year.60 Juxtaposing these two 
figures shows that the German environmental techno
logy and resource efficiency sector is clearly continuing 
to punch above its weight on international markets.

-

 

59 See Bundesministerium für Umwelt, Naturschutz, Bau und Reaktorsicherheit (eds.) (2015c), page 97. 
60 See World Bank  (2017).

Figure 44: German companies’ share of the global market for environmental technology and resource efficiency by lead 
market in 2016 (percent)

Source: Roland Berger (2017) 

Figure 45 presents a more granular picture of German 
companies’ positioning on the global markets. The 
global market shares enjoyed by selected technology 

lines are shown for each green tech lead market (see 
Figure 45).

Figure 44: German companies’ share of the global market for environmental technology and resource efficiency by lead 
market in 2016 (percent)
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Figure 45: German companies’ global market share in selected technology lines across the green tech lead markets in 2016; 
development trend through 2025

Global market shares in 2016 and trend through 2025 
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Environmental technology and resource 
efficiency – Stimulus for growth and 
employment

 

Green tech’s importance to Germany is reflected in this 
industry’s share of gross domestic product (GDP). In 
2016, environmental technology and resource efficien
cy contributed 15 percent to the country’s economic 
output. This cross-sector industry thus has a heavier 
economic weighting in Germany than on a global level: 
Environmental technology and resource efficiency 
makes up just 5 percent of the world’s total economic 
output.

-

Employment figures are an indicator of the powerful 
macroeconomic role played by environmental techno
logy and resource efficiency in Germany.

-

Around 1.5 million people in Germany worked in the 
six green tech lead markets in 2016 (see Figure 46). This 
number only includes employees at companies specifi
cally assigned to one of the defined lead markets.

-

Our calculation of these employment figures is based 
partly on the market analysis for technology lines in 

Germany outlined in the previous sections, and partly 
on the findings of our survey of 2,650 companies in 
the environmental technology and resource efficiency 
industry.

Our market analysis calculates the size of each of 
the six lead markets in 2016 and their likely growth 
between now and 2025. It is rooted in a study of more 
than 120 individual technology lines grouped together 
under the heading of environmental technology and 
resource efficiency.

The findings of the company survey contain statements 
made by players in each of the six lead markets about 
the focus of their activities, their sales revenue and the 
number of people they employ. The respondent com
panies also cite their growth expectations. For each lead 
market, this data is then used to calculate “average sales 
per employee”. Combining the two analyses also makes 
it possible to extrapolate the number of employees in 
the overall market for environmental technology and 
resource efficiency.

-
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Figure 45: German companies’ global market share in selected technology lines across the green tech lead markets in 2016; 
development trend through 2025
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Figure 46: People employed in environmental technology and resource efficiency in Germany in 2016

Source: Roland Berger (2017)

Service intensity in the green tech 
industry

 

The process known as tertiarization – the structural 
transition from an industrial to a service-based society 
– has long since taken hold of environmental technolo
gy and resource efficiency, too. The trend is reflected in 
the growing service intensity in the six green tech lead 
markets.

-

Service intensity denotes the contribution made by 
services to the total market volume in environmental 
technology and resource efficiency. Green services are 
playing a vital role in driving the transformation to a 
sustainable economy. For example, an energy contrac
tor who advises customers on the planning, financing 
and operation of energy systems helps improve energy 
efficiency and, hence, reduce CO2 emissions. Green tech 
service providers can boost market volumes by stimu
lating demand – one example being project developers 

-

-

who use green technologies to implement their plans. 
Environmental services promote the adaptation of 
existing business models and encourage the develop
ment of new green models. Another example would be 
electric filling stations that can recharge the batteries of 
electric cars in a variety of ways.

-

Figure 47 shows both the total market volume for each 
lead market – comprising production, plant engineer
ing and services – and the service intensity in each of 
these markets. The latter is represented as services’ 
share of the lead market’s overall volume. A service 
intensity ratio of 80 percent for waste management and 
recycling stands out. The reason for this immensely 
high figure is the large proportion of services provided 
in the market segment for waste collection, transporta
tion and separation. In most cases, waste collection and 
waste transportation are still neither automated nor 
decentralized.

-

-

Figure 46: People employed in environmental technology and resource efficiency in Germany in 2016
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Figure 47: Market volume for environmental technology services and service intensity in the six lead markets in Germany 
in 2016 (billion euros, service intensity in percent)

 

Source: Roland Berger (2017)
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Figure 47: Market volume for environmental technology services and service intensity in the six lead markets in Germany 
in 2016 (billion euros, service intensity in percent)
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5

-

 Green tech providers 
up close: Insights into a 
growing industry
First-hand status report
What is the current mood among German providers of 
environmental technology and resource efficiency? The 
answers to this question paint a multi-faceted picture 
of this branch of industry, based essentially on an on
line corporate survey. The findings affirm the forceful 
role played by medium-sized companies, Germany’s 
innovative strengths and the international orientation 
of its green tech industry.

5
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This Chapter outlines the supply side of the market for 
environmental technology and resource efficiency in 
Germany. It thus complements the analysis provided 
in Chapter 4, which focuses on the demand side of na
tional and international markets.

Our portrait of the industry is based essentially on ana
lysis of a web-based company survey conducted from 
July through November 2016 on behalf of the Federal 
Ministry for the Environment, Nature Conservation 
and Nuclear Safety. The responses supplied in the 

online questionnaire were channeled into the database 
that contains more than 2,500 company profiles and 
lays the foundation for the pictured painted in this 
Chapter.

Our profile of the industry also documents a number 
of parameters and trends distilled from the findings 
of the company survey: revenue structure, employee 
structure, R&D spending relative to sales revenue (R&D 
intensity), portfolio, and an assessment of both the 
current business situation and future prospects.

At a glance

Medium-sized companies play a powerful, formative 
role in Germany’s environmental technology and 
resource efficiency sector. Roughly 90 percent of the 
country’s green tech players are small and medi
um-sized enterprises (SMEs). The lead market for 
environmentally friendly power generation, storage 
and distribution, on the other hand, is populated by 
a comparatively sizeable number of medium-sized 
and large companies. 

-

Employment figures likewise reflect the prominent 
role played by SMEs in environmental technology 
and resource efficiency. About 44 percent of the 
companies in this cross-sector industry employ ten 
people at most. More than a quarter of green tech 
companies employ over 50 people. Only 6 percent 
have more than 500 people on their payroll.

German providers of environmental technology and 
resource efficiency still see Europe and China as 
their most important target markets, although they 
expect Russia too to become more significant as a 
sales market for “green tech made in Germany”. Bra
zil, India, China, the Middle East, Africa and North 
America will also play an increasingly important role 
as export markets.

-

German companies’ capabilities in robotics, digital 
production, virtual systems and system solutions 
will be a key success factor on the international 
green tech markets. In environmental technology 
and resource efficiency, innovation is increasingly 
being driven by systemic developments and less by 
isolated innovations.

-

-

Environmental technology and resource efficiency players at a 
glance: Sales revenue, workforce, portfolios, innovations

Medium-sized companies play a powerful, formative 
role in Germany’s environmental technology and 
resource efficiency sector. Roughly 90 percent of the 
country’s green tech players are small and medium-
sized enterprises (SMEs). Bonn-based SME research 
organization Institut für Mittelstandsforschung (IfM) 
defines small and medium-sized enterprises as compa
nies with annual revenues of up to 50 million euros and 

-

no more than 500 employees.1 Measured in terms of 
revenues, SMEs make up by far the largest proportion 
of German players in environmental technology and 
resource efficiency. This breakdown in the green tech 
industry differs only marginally from the structure of 
the German economy as a whole: Companies that post 
annual revenues of up to 50 million euros account for 
99 percent of all companies in Germany.2

1 See Institut für Mittelstandsforschung (2017).  
2 Calculated based on data from Germany’s Federal Statistical Office. See Statistisches Bundesamt (2017b). 

At a glance
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Sales revenue: Current status and future 
expectations

About a quarter of all green tech companies in Germany 
report annual sales revenue of between 1 million euros 
and 5 million euros (see Figure 48). Companies that 
post sales of between 1 million euros and 50 million 
euros make up 47 percent of the entire sector. As shown 
in Figure 48, 43 percent of green tech players turn over 
less than 1 million euros a year and are classed as small 
firms. 

-

-
-

-

Figure 48: Breakdown of companies by sales volume (percentage of mentions)

Source: Company survey (2,469 responses), Roland Berger (2017)

The sales revenue generated by the individual players 
in Germany’s environmental technology and resource 
efficiency market is a key indicator in our analysis of 
this industry. The average green tech company in this 
country reports annual revenue of 25 million euros. 
Figure 49 provides an overview of individual compa

nies’ annual revenue based on their “lead market focus”, 
which, in this context, is the lead market that accounts 
for the largest proportion of their sales.

Companies that focus on the lead market for environ
mentally friendly power generation, storage and distri
bution generate annual revenue of 30 million euros on 
average – substantially more than firms that focus on 
other green tech lead markets. This upside discrepancy 
is due to the structure of this particular lead market: 
More medium-sized and large companies operate in 
environmentally friendly power generation, storage 
and distribution than in the other lead markets.

To genuinely capture the mood in the environmental 
technology and resource efficiency sector, we asked 
players in the industry about their revenue expecta
tions for the years ahead. Between now and 2021, green 

tech companies in Germany anticipate average annual 
sales growth of 9.8 percent (see Figure 50).

The fastest growth is expected by companies that focus 
on the lead market for sustainable mobility: They 
expect to see sales increase by an annual average of 
14.5 percent through 2021. Companies whose focus is 
on the lead market for energy efficiency have simi-

larly high expectations: On average, they expect sales 
to grow by 13.1 percent per annum between now and 
2021. Firms with a focus on the lead market for waste 
management and recycling expressed more cautious 
projections, anticipating annual sales growth of 7.3 per
cent. This perception acknowledges the fact that waste 
management and recycling already constitutes a fairly 
mature market in Germany.

-

Figure 48: Breakdown of companies by sales volume (percentage of mentions)
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Figure 49: Average annual revenue per company by lead market focus (million euros)

Source: Company survey (1,977 responses), Roland Berger (2017)

Figure 50: Average expected sales growth per company through 2021 by lead market focus (percent)

Source: Company survey (1,977 responses), Roland Berger (2017)
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Figure 49: Average annual revenue per company by lead market focus (million euros)

Figure 50: Average expected sales growth per company through 2021 by lead market focus (percent)
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Employee figures: Current status and 
planning projections

The breakdown of companies by size of workforce 
(or headcount) is another key parameter that helps us 
understand the structure of the environmental techno
logy and resource efficiency sector. About 44 percent of 
the companies in this cross-sector industry employ ten 

-

people at most (see Figure 51). This figure reflects the 
fact that the green tech industry is awash with small 
companies. Providers of engineering and consulting 
services in particular generally have only a handful of 
employees. More than a quarter of green tech compa
nies employ over 50 people. Only 6 percent have more 
than 500 people on their payroll.

-

Figure 51: Companies by workforce size (percentage of mentions)

Source: Company survey (2,584 responses), Roland Berger (2017)

Besides assessing sales growth, headcount trends are 
another useful indicator to help capture the mood of 
players in the green tech industry. Expected workforce 
growth was therefore another topic addressed in the 
company survey. Between now and 2021, companies 
in the environmental technology and resource effi
ciency industry expect to see their headcount increase 
by an average of 6.7 per year (see Figure 52).3 As with 
sales projections, companies with a focus on the lead 
market for sustainable mobility again have the highest 
expectations in the green tech industry with regard 
to the employment trend. They expect the workforce 
to increase by an annual average of 20 percent. By 
contrast, the expectations of companies focused on the 
lead market for waste management and recycling are 
far more modest: These firms anticipate average annual 
headcount growth of 5.8 percent between now and 
2021.

-

The difference in expectations between firms focused 
on sustainable mobility at one end of the spectrum and 
firms focused on waste management and recycling at 
the other end lines up with sentiments we saw earlier 
in sales expectations, and with the completely different 
situations from which the two lead markets are moving 
forward today: Players in the lead market for sustain
able mobility expect to see forceful growth, triggered 
to a large extent by expansion in alternative drive 
technology in general and e-mobility in particular. 
Dynamic development in this lead market is gaining 
further impetus from new players who, alongside the 
automotive incumbents, are presenting innovative 
mobility solutions. Examples include Google’s approach 
to autonomous driving and Tesla in the field of battery 
development. 

-
 

 

 

3 Growth not weighted by revenue. 

Figure 51: Companies by workforce size (percentage of mentions)
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This clash of Titans new and old is bringing forth new 
offerings that are both driving innovation and expand
ing the lead market for sustainable mobility. On the 
other hand, companies with a focus on waste manage
ment and recycling are operating in what is already a 
much more mature market segment where virtually no 
new international players are stepping into the ring – a 

-

-

situation that tends to inhibit both growth and the pas
sion to innovate in this lead market. The different con
ditions that prevail in these two lead markets are also 
mirrored in the intensity of research and development 
(see Figure 54). This barometer of innovative vitality 
stands at 3.4 percent for sustainable mobility, but just 
2.4 percent in waste management and recycling.

-
-

Figure 52: Average annual workforce growth projections through 2021 by lead market focus (percent)

Source: Company survey (2,135 responses), Roland Berger (2017)

Productivity on the up

In the period from 2016 through 2021, Germany’s 
green tech players expect productivity to improve by 
3.4 percent4 on average across all lead markets (see 

Figure 53). Productivity is the ratio of sales revenue to 
the number of employees. We have therefore con
densed companies’ expectations with regard to sales 
and employment into aggregate figures for expected 
productivity growth in the six lead markets. 

-

4  Growth weighted by revenue.

Figure 52: Average annual workforce growth projections through 2021 by lead market focus (percent)
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Figure 53: Average annual productivity gains through 2021 by lead market focus (percent)

Source: Company survey (1,824 responses) , Roland Berger (2017)

Research and development spending

Depending on the lead market in which they operate, 
Germany’s green tech companies invest between 2.4 
and 3.5 percent of their sales revenue in research and 
development (R&D). For green tech players, the average 
R&D intensity – the proportion of total sales revenue 
that is invested in research and development – is 3.0 
percent (see Figure 54). R&D activities provide powerful 
stimulus for productivity and growth and can therefore 
be seen as an indicator of rapid development. To put 
the 3.0 percent average R&D intensity in environmental 
technology and resource efficiency into perspective, it 
is useful to cast a glance at other branches of industry 
and at the economy as a whole. OECD classifications 
position the green tech industry in the medium high-
technology segment, which is where the OECD sees 
industries with an average R&D intensity of between 2 
and 5 percent. Other industries in this category include 
mechanical, automotive and electrical engineering, for 
example. The OECD puts industries with R&D spending 
of at least 5 percent in the category high technology, 

while an R&D intensity of 0.5 to 2 percent assigns an 
industry to the medium low-technology sector. Devi
ating slightly from these classifications, the following 
definitions apply for Germany: The high-technology 
segment contains industries with an R&D intensity 
of over 7 percent, whereas industries with an R&D 
intensity of between 2.5 and 7 percent belong in the 
medium high-technology segment. It is important not 
to misunderstand this model, however: R&D intensity 
should not be taken as a general verdict on the quality 
of an industry’s innovative prowess. Even medium low-
technology industries have successful companies with 
a high intensity of research and development.5

-

Looking at research and development expenditure 
in the six different lead markets, it is noticeable that 
companies focused primarily on sustainable water ma
nagement have the highest average R&D spending of 
all, at 3.5 percent of sales revenue. With an average R&D 
intensity of 2.4 percent, waste management and recy
cling is the only lead market to fall below the industry 
average of 3.0 percent.

-

-

5 See Hüther, Michael (2015). 

Figure 53: Average annual productivity gains through 2021 by lead market focus (percent)
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Figure 54: Average research and development spending per company by lead market focus (percent)

Source: Company survey (1,760 responses), Roland Berger (2017) 

Green tech company portfolios: Know
ledge-intensive services play a lead role

-

When analyzing the structure of supply in the environ
mental technology and resource efficiency industry, 
it is important to identify the lead markets in which 
green tech companies generate the bulk of their sales. 
This issue was addressed in the company survey, which 
found that 43 percent of the total volume for all par
ticipants is generated in the lead market for environ
mentally friendly power generation, storage and distri
bution and the lead market for waste management and 
recycling (see Figure 55). The lowest contributions to 
the total revenue volume are made by the lead markets 
for material efficiency (10 percent) and sustainable 
mobility (3 percent).

-

-
-

-

The survey’s findings with regard to companies’ posi
tioning along the value chain highlight the innovative 
strength of the environmental technology and resource 
efficiency sector. The fact that more than a third of the 

-

respondent companies provide R&D services comes as 
further evidence that environmental technology and 
resource efficiency is a genuinely knowledge-intensive 
and technology-oriented industry.

The green tech players that took part in the company 
survey are spread across the entire value chain (see 
Figure 56). The vast majority of respondent companies 
said they provide services. Fewer mentions were given 
to production and plant engineering. Planning and 
development activities are very heavily represented 
in the portfolio, in the categories technical planning 
and consulting, project development and research and 
development. This finding is indicative of the large 
number of engineering and consulting offices that 
populate the green tech industry.

GreenTech made in Germany 2018 

Figure 54: Average research and development spending per company by lead market focus (percent)
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Figure 55: Breakdown of companies’ total sales volume across the lead markets6  (percent)

Source: Company survey (2,703 responses), Roland Berger (2017) 

6 This chart is based on the answers given by companies that completed the online questionnaire in our web-based company survey.

Figure 56: Portfolio of services along the value chain (percentage of mentions)

Source: Company survey (2,703 responses), Roland Berger (2017)

 

Figure 55: Breakdown of companies’ total sales volume across the lead markets6  (percent)

Figure 56: Portfolio of services along the value chain (percentage of mentions)
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Business situation and business expectations in Germany’s 
green tech industry

The mood in Germany’s green tech industry is rather 
patchy. Irrespective of the lead market in which they 
operate, nearly half of the respondent firms (47 per
cent) rate their current business situation as “good”. 45 
percent see it as “satisfactory”, while 8 percent regard 
their business situation as “bad” (see Figure 57).

-

Looking ahead to the near future, a picture of cautious 
optimism emerges. One third of respondent compa
nies across all lead markets believe that their business 
situation will improve through 2021. 60 percent expect 
their business situation to remain unchanged, and only 
6 percent expect it to deteriorate (see Figure 57). The 
upbeat assessment of their current situation and the 
confidence about future prospects in evidence among 
companies focused on the lead market for energy 

-

efficiency aligns well with the considerable importance 
attached to energy efficiency in the context of miti
gating climate change. The EU’s energy policy motto 
“Efficiency first” gives providers of efficiency solu
tions good reason to be optimistic. At the same time, 
it is conspicuous that companies focused on the lead 
market for environmentally friendly power generation, 
storage and distribution are comparatively cautious in 
their view of both the current situation and medium-
term business development. This stance reflects the 
situation on international markets, where competition 
and cost pressures are growing. Germany’s photovol
taics industry has ceded global market share to Chinese 
players in recent years. Now, the fear is that similar de
velopments could unfold in the wind power segment. 

-

-

-

-

 

Figure 57: Assessment of business expectations by lead market

Source: Company survey (2,024 responses), Roland Berger (2017) 
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Figure 57: Assessment of business expectations by lead market
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A business climate index calculated as part of our in
dustry survey serves as a barometer, gauging the mood 
among green tech companies in Germany. Companies’ 
assessment of the current situation and their expecta
tions for the near future are both factored into calcula
tion of the index. Derived from data for the respective 
year, the index is thus produced by combining two 
categories: business climate (“assessment of the current 
business situation”) and business expectations. The 
industry-wide index is plotted on a scale from 0 to 100. 
The maximum (100) would indicate that every compa
ny rated its current business situation as “good” and its 
future business outlook as “more favorable”.

-

-
-

-

Compared to recent years, the business climate index 
for environmental technology and resource efficiency 
slipped noticeably in 2016. Another significant fact is 
that the business climate index figures for the green 
tech lead markets are tending to lag behind the trend 
in the ifo business climate index for the economy as a 
whole.7 In light of the fast pace of development on the 
international environmental technology and resource 
efficiency markets, this rather pessimistic attitude on 
the part of Germany’s green tech providers appears 
astonishing at first glance. That said, there are two main 
reasons for their skepticism: (1) Given the growing 
number of foreign competitors who are likewise fight
ing for a share of the world’s green tech markets, many 
German players are uncertain whether and to what 
extent they will indeed benefit from rising demand 
for green products, processes and services. (2) Various 
political flashpoints and armed conflicts (such as those 
in Syria and eastern Ukraine) as well as the European 
Union’s own Brexit-related crisis are undermining 
confidence in the ability of international (climate) 
policy to genuinely stoke growing demand for green 

-

tech products in the years ahead. This phenomenon is 
not restricted solely to investment in environmental 
technology and resource efficiency, however. Other 
industries too are no strangers to the negative correla
tion between uncertainty and companies’ propensity to 
invest: “In recent year, uncertainty has been a common 
theme in everything that has happened in the global 
economy and financial markets,” according to a study 
by Deutsche Bank Research.8 It is nevertheless true that 
the subjective element of expectations plays an espe
cially pronounced role in the business climate index 
for environmental technology and resource efficiency. 
Looking at green tech companies’ assessment of sales 
development and workforce size (see page 99; 101), 
the mood is less bleak than the business climate index 
might initially lead one to believe.

-

-

Detailed analysis shows that the business climate index 
has shifted into reverse for all green tech lead markets. 
The average index across all lead markets is 14 points 
lower than the figure for 2014. At first glance, this 
seems to contradict expectations with regard to sales 
development and increasing workforce sizes (see page 
99; 101). One explanation for this discrepancy between 
the snapshots taken in 2014 and 2016 could be the 
changed political conditions that now prevail. For ex
ample, the reform of Germany’s Renewable Energy Law 
has now altered the funding landscape for renewable 
energy systems. Moreover, given the tense situation 
with regard to public finances in major European coun
tries, it is questionable whether we will ever see a rerun 
of the stimulus packages launched in the wake of the 
2008/2009 economic and financial crisis – packages 
that covered many activities conducive to the develop
ment of a low-carbon infrastructure.

-

-

-

7 Produced by the ifo economic research institute, the ifo index has since 1972 been calculated regularly based on the business situation 
and business expectations of around 7,000 companies in manufacturing, construction, wholesale and retail.

 

8 See Deutsche Bank Research (2017), page 2.
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Different angles on Germany’s green tech industry: 
Companies’ geographic distribution

Our analysis of the green tech players who took part in 
the web-based company survey, their economic indi
cators and the location of their headquarters made it 
possible to draw a map of the industry. This map clearly 
highlights the regions where green tech has a substan
tial footprint. An initial overview (see Map 1) reflects an 
even spread of companies throughout Germany. While 
the density of green tech companies is particularly 
marked in conurbations, players in the cross-sector 
industry for environmental technology and resource 
efficiency also have a presence in more rural districts. A 
large number of green tech companies are, for example, 
based in Schleswig-Holstein and Mecklenburg-West 
Pomerania. A different picture emerges if one singles 
out only those environmental technology and resource 
efficiency firms that are positioned in the manufactur
ing industry: In this case, those administrative districts 
with a high density of industry are home to the largest 
number of green tech companies. Leading the field on 
this score are the regions around Munich, Stuttgart, 
Hanover, Dresden and Chemnitz (see Map 2).

-

-

-

Variations in the individual lead markets come more 
sharply into focus if the sales volume for green tech 
companies is broken down by administrative district. 
Decentralization is apparent above all in the lead mar
ket for waste management and recycling, which is typi
cally characterized by a very high service intensity. By 
contrast, the activities of both large corporations and 
small firms in the lead market for sustainable mobility 
are mostly clustered around automotive production 
hubs or in areas with a high urban density, where ser
vices such as car sharing and charging infrastructures 
can best be made available.

-
-

-

Green tech companies with a much stronger focus 
on exports normally tend to be highly innovative 
players. High concentrations of these companies are 
often found at prominent knowledge hubs with large 
universities and research institutes. To compete in the 
international arena, small, innovative firms and large 
corporations alike need a tightly meshed network of 
research, development and production. This is most 
clearly visible in the lead market for environmentally 
friendly power generation, storage and distribution and 
the lead market for sustainable water management.

GreenTech made in Germany 2018 
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Map 1: Regional distribution of companies in the market for environmental technology and resource efficiency, 
by administrative district9

Source: Company survey (2,701 responses), Roland Berger (2017)

9 Territorial reforms have redefined the boundaries of administrative districts in some federal states.

Map 2: Regional distribution of manufacturing companies in the market for environmental technology and resource 
efficiency, by administrative district

Source: Company survey (1,021 responses), Roland Berger (2017)

 

 

Map 1: Regional distribution of companies in the market for environmental technology and resource efficiency, 
by administrative district9

Map 2: Regional distribution of manufacturing companies in the market for environmental technology and resource 
efficiency, by administrative district
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Map 3: Regional distribution of service companies in the market for environmental technology and resource efficiency, 
by administrative district

Source: Company survey (2,432 responses), Roland Berger (2017)

Map 4: Regional distribution of sales volume in the lead market for environmentally friendly power generation, storage 
and distribution, by administrative district

GreenTech made in Germany 2018

Source: Company survey (884 responses), Roland Berger (2017)

 

 

Map 3: Regional distribution of service companies in the market for environmental technology and resource efficiency, 
by administrative district

Map 4: Regional distribution of sales volume in the lead market for environmentally friendly power generation, storage 
and distribution, by administrative district
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Map 5: Regional distribution of sales volume in the lead market for energy efficiency, by administrative district

Source: Company survey (840 responses), Roland Berger (2017)

Map 6: Regional distribution of sales volume in the lead market for material efficiency, by administrative district

Source: Company survey (484 responses), Roland Berger (2017)

Map 5: Regional distribution of sales volume in the lead market for energy efficiency, by administrative district

Map 6: Regional distribution of sales volume in the lead market for material efficiency, by administrative district
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Map 7: Regional distribution of sales volume in the lead market for sustainable mobility, by administrative district

Source: Company survey (90 responses), Roland Berger (2017)

Map 8: Regional distribution of sales volume in the lead market for waste management and recycling, by administrative district

GreenTech made in Germany 2018 

Source: Company survey (771 responses), Roland Berger (2017)

Map 7: Regional distribution of sales volume in the lead market for sustainable mobility, by administrative district

Map 8: Regional distribution of sales volume in the lead market for waste management and recycling, by administrative district
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Map 9: Regional distribution of sales volume in the lead market for sustainable water management, by administrative district

Source: Company survey (521 responses), Roland Berger (2017)

Map 9: Regional distribution of sales volume in the lead market for sustainable water management, by administrative district
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Green tech “made in Germany” on foreign markets

Environmental technology and resource efficiency 
products, processes and services that bear the label 
“made in Germany” are much in demand on interna
tional markets. Building on the foundation of a robust 
domestic market, German green tech providers have 
positioned themselves well outside their home country. 
Figure 58 shows these companies’ regional sales distri
bution, broken down by lead market focus. Across the 
individual lead markets, the export rate10 ranges from 
29 to 48 percent. To put these figures in perspective: 
The export rate for the German economy as a whole 
was 38.5 percent in 2016.11 

-

-

The share of sales realized abroad is highest in the 
lead markets for sustainable mobility (48 percent) and 
material efficiency (45 percent) – a clear indication 
that companies focused on these lead markets have a 
pronounced export orientation.

Sales generated in Germany can be broken down into 
activities in a company’s home state (i.e. the federal 
state in which they are officially domiciled) and activi
ties in other German states. This distinction shows that 
many German green tech providers still maintain a 
strong regional orientation.

-

Companies focused on the lead market for environ
mentally friendly power generation, storage and distri
bution generate 34 percent of their sales in the federal 
state in which they are domiciled – slightly more than 
the comparable figure for the other lead markets. 
This fact can be seen as indicative of the growing 
importance of distributed power supplies. Companies 
focused on waste management and recycling generate 
32 percent of their sales in their home state – a clear 
reflection of the exceptionally high levels of regional 
value added and customer loyalty that prevail in this 
lead market.

-
-

10 The export rate is the percentage of sales generated outside Germany. 
11 See Statistisches Bundesamt (2017c).  

Figure 58: Distribution of sales by region and lead market focus (percent)

Source: Company survey (2,267 responses), Roland Berger (2017)
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Figure 58: Distribution of sales by region and lead market focus (percent)
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Figure 59 visualizes the regional distribution of sales 
posted by service companies on the one hand and com
panies focused on production and plant engineering 
on the other. Green tech firms that sell only services 
generate 37 percent of their sales outside Germany. 
The export rate for companies in the production and 
plant engineering segment is 49 percent. The other side 
of this coin is that service providers evidence a much 
stronger regional orientation, generating 28 percent of 
their sales in their home state. That figure is twice as 
high as the corresponding figure for production and 
plant engineering firms.

-
-

-

Figure 59: Distribution of manufacturing companies’ and service providers’ sales by region (percent)

Source: Company survey (2,212 responses), Roland Berger (2017) 

Which international target markets do German green 
tech providers see as the most important today? And 
which ones will be the most important in the future? 

The answers to these questions provide valuable input 
to forecast the trajectory of the ongoing process of 
internationalization in Germany’s environmental tech
nology and resource efficiency sector. The responses 
derived from our analysis of company data are visua
lized in Figures 60 and 61.

The companies surveyed still regard Europe and China 
as the most important international target markets 
for environmental technology and resource efficiency. 
Between now and 2025, they expect Russia to become a 
more significant target market. Brazil, India, China, the 
Middle East, Africa and North America will also play an 
increasingly important role as export destinations for 
green tech made in Germany.

Figure 59: Distribution of manufacturing companies’ and service providers’ sales by region (percent)
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Figure 60: Importance of international sales markets in 2016 from the perspective of respondent companies

Source: Company survey (2,560 responses), Roland Berger (2017) 

Figure 61: Expected increase in the importance of international sales markets through 2025 from the perspective of  
respondent companies

Source: Company survey (2,560 responses), Roland Berger (2017) 
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Figure 60: Importance of international sales markets in 2016 from the perspective of respondent companies

Figure 61: Expected increase in the importance of international sales markets through 2025 from the perspective of  
respondent companies
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Figure 62 lists the five technology lines that are 
believed to present the strongest export opportunities 

 in individual countries. Figure 63 does the same for 
entire regions.

Figure 62: Top five technology lines by country, attractiveness and lead market

 Brazil

 

 

1 Composite materials 

2 Energy-efficient lighting 

3 Processes in the chemical industry 

4 Energy efficiency in the manufacture 
of mineral products 

5 Biotechnology 

 China

1 Electronic storage of energy 

2 Hybrid drive systems 

3 Electricity generation and distribution 
equipment 

4 Efficiency gains in combustion engines 

5 Measurement and control instrumentation 

 Canada

1 Biotechnology 

2 Energy-efficient lighting 

3 Hydrogen from renewable resources 

4 Bioethanol 

5 Electric drive systems 

 Mexiko

1 Composite materials 

2 Energy efficiency in food production 

3 Efficiency gains in combustion engines 

4 Energy efficiency in paper and cardboard 
manufacturing 

5 Energy-efficient lighting 

Source: Company survey (2,560 responses), Roland Berger (2017) 

Figure 63: Top five technology lines by region, attractiveness and lead market

 India

 

 

1 Efficiency gains in combustion engines 

2 Composite materials 

3 Renewable resources as feedstock 
for the chemical industry 

4 Energy efficiency in the cement industry 

5 Electricity generation and distribution 
equipment 

 Japan

1 Bioplastics 

2 Energy-efficient lighting 

3 Water efficiency technologies in agriculture 

4 Efficiency gains in combustion engines 

5 Energy efficiency in food production 

 Russia

1 Water efficiency technologies in agriculture 

2 Innovative sanitation systems 

3 Composite materials 

4 Energy efficiency in the cement industry 

5 Water efficiency technologies in households 

 USA

1 Composite materials 

2 Nanotechnology 

3 Bioethanol 

4 Innovative sanitation systems 

5 Energy efficiency in food production 

Source: Company survey (2,560 responses), Roland Berger (2017) 

Figure 62: Top five technology lines by country, attractiveness and lead market

Figure 63: Top five technology lines by region, attractiveness and lead market
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Spotlight: Industry expertise and a 
profile as a system solution provider 
strengthens companies’ position on 
foreign markets

All over the world, environmental technology and 
resource efficiency products, processes and services 
will be increasingly in demand in the coming years (see 
Chapter 4). The expansion of green tech markets will 
largely be shaped by international climate policy: If the 
targets set by the Paris Agreement are to be met, the 
signatory states must resolve and implement ambitious 
plans to reduce greenhouse gases at the national level.
German players have a good chance of benefiting from 
growing global demand on the markets for environ
mental technology and resource efficiency. Emissions 
of greenhouse gases can be curbed only if energy 
efficiency is improved and further progress is made in 
decarbonizing the energy industry by ramping up the 
use of renewable energy. Both advances must be made 
worldwide. And in both areas, green tech providers in 
Germany possess the necessary experience, knowledge 
and comprehensive portfolios.

-

Cutting energy consumption in industry and com
merce is crucial if energy efficiency is to be improved. 
In particular, emerging nations that are currently in 
industrialization phase have huge demand for energy-
efficient plant and machinery. In industrialized coun
tries, production facilities are being upgraded to meet 
more exacting requirements for energy efficiency.

-

-

This demand profile perfectly matches the strengths 
of the German economy in the export arena. Products 
made in Germany are generally held in high regard 
on the international markets. In industries such as 
automotive, electrical, mechanical and plant engineer
ing and the chemical sector, Germany enjoys a global 
leading position. Industry accounts for 22.5 percent of 
the gross value added in Germany and has an export 
rate of 50 percent.12

-

Backed by such a strong industrial base, mechanical 
and plant engineering has evolved into a “technology 
driver” in Germany.13 Germany proudly bears the title 
“export world champion in mechanical engineering”, 
and German companies command the largest share of 
global exports in 18 out of 31 branches of the mechani
cal engineering industry.

-

In large-scale plant engineering, German firms lead 
the line internationally: 87 percent of their production 
(of power, electric, chemical, building material and 
smelting plants) is exported: “German plant engineers 
are the first port of call even when whole countries 
target (re)industrialization. Quality, reliability, service, 
efficiency and environmentally friendly solutions are 
key assets possessed by the Germans.”14

Given this enviable position, German providers are 
ideally placed to supply international markets with the 
technologies they need to master the major challenges 
facing industry: energy efficiency, environmental 
protection and digitalization. Process automation has 
a large part to play, and this is another field of tech
nology in which German companies occupy a very 
strong position: “Germany predominates in automa
tion technology, is revolutionizing robotics and is out 
in front in digital production. It is also leading the way 
in the future market for virtual systems and rolling 
out a constant stream of new solutions for production 
systems that are both highly complex and efficient. 
Furthermore, Germany also supplies the software for 
high-precision production control.”15

-

-

In light of the need to decarbonize, many countries 
face the challenge of designing low-carbon power 
supply systems. The experience Germany is gathering 
from its own energy transition could prove valuable: “If 
the project is a success, it could become a blueprint or 
template for other countries.”16 Technological advan
ces in generating power from renewable sources, the 
ability to integrate these volatile renewable energy 
sources in the grid and the dovetailing of power, heat 
and mobility solutions are giving German providers an 
advantage in terms of knowledge and experience on 
the international markets.

-

-

12 See Bundesministerium für Wirtschaft und Energie (2017f).  
13 See Deutsche Bank Research (2016), page 8. 
14 Ibid., page 8. 
15 Ibid. 
16 Ibid., page 9. 
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Generally speaking, emerging nations hold out attractive 
prospects for German providers of products, processes 
and services in the lead market for environmentally 
friendly power generation, storage and distribution and 
the lead market for energy efficiency. Emerging coun
tries in particular have the chance to “leapfrog” certain 
steps in the development process. In the context of 
power supply, that can involve a country building 
distributed (sub)systems from the outset, without first 
establishing a conventional, centralized power grid. In 
the context of industrialization, leapfrogging can mean 
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planning greenfield plant with a view to energy-
efficient and material-efficient process automation 
right from the word go.

 

German companies are widely attested to be extreme
ly competent in system solutions.17 On international 
green tech markets, too, this strength will prove to be 
a key success factor, as innovations in environmental 
technology and resource efficiency are increasingly 
being driven by systemic developments and less by 
isolated innovations. As a rule, system solutions are 
better suited to mastering the complex challenges of 
mitigating climate change and protecting the environ
ment. Individual components are linked together to 
form systems and create end-to-end solutions. Physical 
and technical losses impose limits on the efficiency of 
individual solar cells, for example. Stand-alone photo
voltaic installations experience a time lag between the 
generation of power and the demand for that power. 
Low output likewise causes difficulty regarding inte
gration in the power grid. Each of these components 
thus has shortcomings that can be minimized only at 
the cost of substantial research and investment outlays. 
However, if we shift our focus to the entire power 
generation, storage and use system, far greater poten
tial for improvement arises than if each component is 
regarded in isolation.

-

-

-

-

-

Digitalization is seen as an enabler of systemic solu
tions. It is therefore reasonable to expect that digita
lization will unleash huge momentum to drive the 
formation of systems in environmental technology and 
resource efficiency.

-
-

17 See acatech – Deutsche Akademie der Technikwissenschaften e.V. (2013), page 5.   
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6

-

-
 

 Fresh potential: 
Digitalization in environ
mental technology and 
resource efficiency

6

Digital transformation – 
The opportunities and risks
The megatrend we know as digitalization has long since taken 
hold of the green tech industry. New players and new business 
models are challenging incumbent firms, who must now 
defend their position on markets where the digital transforma
tion will bring major changes in the coming years.
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At a glance

Digitalization will further accelerate the pace of 
growth in the green tech industry. In 2025, environ
mental technology and resource efficiency can expect 
it to add an extra 20 billion euros to the market 
volume. Digital data, automation, digital interfaces 
to the customer and connectivity are driving greater 
investment in green products, processes and services 
that are instrumental in avoiding or reducing pollution 
of the environment. In Germany alone, the digital 
transformation of environmental technology will save 
about 50 million tonnes of CO2 equivalent in 2025.

-

Five digital systems in particular are hugely important 
to the green tech industry and harbor considerable 

environmental relief potential. They are: connected 
energy, building information networks, Industry 4.0, 
urban connected mobility and smart grids. However, 
if environmental technology and resource efficiency 
companies are to benefit from the digital transforma
tion, they must adapt to the new rules of the game 
brought about by the transition to the digital age. 
These rules state that new, disruptive business mod
els are replacing old business models; that traditional 
corporate structures are becoming more flexible; 
that virtual platforms are forcing changes in market 
design; that new competitors are penetrating links in 
the value chain; and that network effects are beco
ming established as a new competitive advantage.

-

-

-

The digital transformation at a glance

“Megatrends are enormous shifts that genuinely 
change our society.” That is how John Naisbitt, the 
intellectual father of the megatrend concept, explains 
what distinguishes hyped-up buzzwords from mega
trends.1 Phenomena such as climate change, globali
zation, demographic change, urbanization and digita
lization belong in this category. These developments 
have a mutual impact on each other and will shape 
not only the world we live in today, but also the social, 
political and economic conditions that prevail in future 
generations. Logically, therefore, megatrends also have 
a significant influence on the corporate environment.

-
-

-

Digitalization is seen as both a megatrend and a driver 
of innovation. It affects all areas of social and economic 
life. At every link in the value chain, companies are 
encountering connected systems and working with 
tools and practices that are based on information and 
communication technology. In the process, the part 
played by the latter is changing. Digital technology no 
longer merely supplies auxiliary tools: It is bringing 
fundamental change to companies’ business models 
and processes. The level of intensity may differ, but the 

digital transformation affects every industry and every 
business enterprise, from large corporates to SMEs.

The far-reaching impact digitalization can have is 
graphically illustrated by pioneering industries such 
as the media (the eroding importance of print media), 
the music industry (fully digitalized products and sales 
channels) and retail (online shopping).

Literature on the subject currently provides no solid 
definitions of what exactly the “digital transformation” 
entails.2 The discussion that follows is rooted in the 
following understanding: “We understand digital trans
formation as end-to-end connectivity across all areas 
of the economy, and as the [relevant] actors’ adjust
ment to the new conditions that prevail in the digital 
economy. Decisions in connected systems involve data 
exchange and analysis, the computation and evalua
tion of options, and the initiation of actions and the 
resultant consequences. These new tools will change 
many established business models and value creation 
processes from the ground up.“3

-

-

-

1 See Naisbitt, John (2015), page 5. 
2 See Schalmo, Daniel/Rusnjak, Andreas (2017), page 3.  
3 See Roland Berger Strategy Consultants GmbH/Bundesverband der deutschen Industrie e. V. (eds.) (2015), page 6. 

At a glance
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Digitalization will also bring change to environmen
tal technology and resource efficiency. This chapter 
discusses the opportunities and risks with which digital 
transformation confronts players in the green tech 
industry.

-

The four keys to digital transformation

As digital data becomes available, production processes 
are automated and digital interfaces to the customer 
are crafted and joined up, business models are being 
transformed and whole industries reshuffled. These 
four keys to digitalization are also influencing the 
structure of the market for environmental technology 
and resource efficiency (see Figure 64).

-

-

-

-
-

Figure 64: The four keys to digital transformation, with sample applications

Digital 
trans

formation 
- 

 

 

 

 

Digital data 
•  Big data
•  Data generation/

sensor systems 
•  Data-based 

optimization 
•  Image recognition 

and analysis 
•  etc. 

Automation 
•  Robotics 
•  Drones 
•  Autonomous driving 
•  3D printing 
•  etc. 

Digital 
user interfaces 
•  Mobile Internet 
•  Apps 
•  E-commerce 
•  Infotainment 
•  etc. 

Connectivity 
•  Cloud computing 
•  Cyber-physical systems 
•  Digital platforms 
•  Virtual companies 
•  etc. 

Source: Roland Berger (2017) 

Digital data
The volume of data generated worldwide doubles 
every two years and is expected to reach 40 zettabytes 
by 2020. To put that in perspective: a zettabyte has 21 
zeroes after the 1. Yet the issue is not only the multipli
cation or sheer volume of data, but also the qualitative 
aspects of speed and diversity. Never before was it 
possible to analyze such a large volume of varied data 
in a short space of time. Collecting, processing and 
analyzing digital measurement data allows forecasts 
to be made and recommendations to be issued. In the 
green tech industry, for example, a constant stream of 

new applications is emerging for the use of sensors and 
digital data. There is no shortage of examples: Cassan
tec AG uses big data derived from sensors to analyze 
processes on wind farms. A series of mathematical 
methods are applied to this data to identify risk pro
files, status trends and the residual service lives of wind 
turbines. The planning of maintenance and servicing 
can be improved as a result (moving in the direction of 
“predictive maintenance”).

Digital data analytics is also used in the water industry. 
Kisters AG helps water utilities to optimize their opera
tions and thus play their part in the efficient manage
ment of water resources. For example, data analytics 
enables pump station operations to be scheduled with 
a clearer focus, storage capacity to be planned to a more 
granular level and energy usage to be monitored.

Automation
Electronics and information technologies have been 
deployed to automate production processes since 
the 1970s, so automation cannot be described as a 
new trend. That said, the digital transformation has 
taken it into a new dimension. Combining machinery 
with cutting-edge information and communication 
technology is giving rise to dynamic, self-organizing, 
enterprise-wide value networks that are optimized 
in real time. In the process, cyber-physical systems 

Figure 64: The four keys to digital transformation, with sample applications
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(CPSs) are assuming a key role: A CPS is made up of a 
processor that can communicate with other CPSs over 
the Internet, sensors to perceive its environment and 
actors to influence that environment. Cyber-physical 
systems lay the technological foundation on which IT 
can combine with the physical world. They therefore 
play an essential part in smart factories in the vein of 
what has been called Industry 4.0.

The integrated energy management technologies 
developed by Siemens AG’s Digital Factory Division 
provide are an example of the new potential for auto
mation to improve energy efficiency. Programmable 
controllers enable plant and machinery to communi
cate their level of energy efficiency. The control unit 
then acts accordingly, orchestrating the production 
plant on the basis of the information it has received.

-

-

Digital customer interface
Websites, software, apps and social networks give 
companies digital interfaces to their customer. They 
open up new opportunities to market more individ
ualized products and services and intensify their 
interaction with market players. Providers such as 
GreenPocket GmbH are putting these benefits to good 
use: The Cologne-based company develops software 
solutions for smart metering and the smart home that 
help both private households and commercial users to 
significantly improve their energy efficiency. Users of 
GreenPocket’s software see their energy consumption 
data visualized intuitively on a variety of devices such 
as tablets, smartphones and PCs.

-

Connectivity
In the context of digitalization, connectivity relates to 
the data exchange infrastructure. That can serve com
munication between machines (machine-to-machine, 
or M2M), in which the same data types are normally 
shared. But it can also serve the exchange of data in 
different formats for a variety of applications and users 
– via the cloud, for instance. One example of connec
tivity in the lead market for sustainable mobility is 
Moovel. The Moovel app brings together the offerings 
of car-sharing provider Car2go, the Mytaxi start-up, 
German railway operator Deutsche Bahn and the local 
public transport systems in many regions. This joined
up approach creates a dedicated digital ecosystem in 
the field of mobility.

-

-

-

These examples suffice to show that all four keys to 
digital transformation are being applied to digital green 
technologies and business models. And it is this inter
play in particular that gives digitalization its dynamism 
and innovative strength.

-

Digital systems changing the market

Digitalization and its four keys are increasingly serving 
as enablers for the formation of systems.
Digital systems use a self-organizing digital infrastruc
ture to create an environment within which connected 
organizations and devices can both collaborate and 
share knowledge and information. In this way, they 
support the development of open and adaptive techno
logies as well as evolutionary and disruptive business 
models.

-

-

However, pure-play digital enterprises such as Alphabet 
(Google), Apple, Microsoft and Amazon are seeking to 
close their digital systems in order to give themselves 
competitive advantages. Yet doing so prevents any 
“cross-pollination” between technologies and com
ponents. Environmental technology and resource 
efficiency companies can learn and benefit from these 
digital-only players, who highlight the opportunities 
afforded by the development of digital business mod
els: The technology giants develop new kinds of busi
ness models, set up innovative corporate structures, 
try out new strategies, radically exploit the possibilities 
opened up by digitalization – and make an impressive 
case for what developing digital business models can 
achieve. In analyses of the likes of Alphabet, Amazon 
and Facebook and their secrets of success, three words 
crop up again and again: disruption, platform and net
work effects. Taking Amazon and Alphabet as examples, 
let us briefly outline what these terms mean.

-

-
-

-

Two factors in particular set Amazon apart from the 
crowd. The company is rigorously self-disruptive, and 
it leverages its immense market power as the dominant 
platform provider in online retail. In its capacity as a 
central platform, Amazon has amassed market power 
that creates both pull and push effects. On the one 
hand, small companies, start-ups, publishing houses 
and private individuals are pulled (via the Amazon 
Marketplace) toward the platform, as it gives them 
excellent opportunities to reach customers around the 
globe quickly and easily. On the other hand, customers 
themselves become sellers on the marketplace, as well 
as disclosing digital data through their shopping habits 
and the ratings they give. Amazon uses this data to se
lect and enlarge its portfolio and to improve the service 
it providers, making the platform ever more attractive 
for customers and businesses alike.

-

Successful platform formation allows Amazon to 
occupy the interface to customers, thereby effectively 
blocking other companies’ access to customers. In 
this way, Amazon erects a virtual barrier that prevents 
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established players from interacting directly with cus
tomers (see Figure 65). This in turn creates a push effect 
for intermediaries and delivery services.

Figure 65: Amazon – A central platform with pull and push effects

Source: Roland Berger (2017)

-

The huge success of its search engine is by no means 
Alphabet’s only trump card. In its capacity as a digital 
system, it is fascinating above all because it clearly has 
the resolve to drive the digital transformation in com
pletely alien markets and industries. Many customers 
know Alphabet as the Google search engine and a pro
vider of online services. The company itself, however, 
is both astute and systematic in the way it harnesses 
its advantages and digital experience – in the use of 
data and optimization algorithms, for example – in an 
attempt to transfer this knowledge to other industries 
(see Figure 66).

-

-

Alphabet has thus acquired manufacturing companies 
in the home automation segment and is currently 
invested in the production of cars, drones and satellites. 
Underpinning many of its commitments is a desire 
to transform existing business models by combining 
knowledge with technological expertise. Yet the 
company’s evolution does not follow strategic plans 
alone. Products and offerings have been tested based 
on the principle of trial and error. Services that turned 
out to be neither successful nor profitable – such as 
Google Buzz, Google Labs and Google Desktops – were 
discontinued in short order.

Unlike pure digital players such as Google, many of 
today’s companies were founded in the analogue era 
and now face the challenge of actively shaping the 
digital transformation within their organizations. Their 
hand is being forced, because digitalization is changing 
the rules of the game in their markets. And as a result, 
digital systems are creating more or less pressure – 
depending on the industry – to align business models 
with the new digital conditions. This transformation 
of legacy business models can be illustrated by the 
example of the Port of Hamburg.

Figure 65: Amazon – A central platform with pull and push effects
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Figure 66: Google’s industrial projects and equity investments (excerpt)

Source: Roland Berger (2017)

Example: Port of Hamburg
MThe Port of Hamburg occupies 7,200 hectares of 
space close to Hamburg city center, i.e. a considerable 
distance from the coast. This geographical handicap 
limits its room for expansion: Around 8.9 million 
standard containers (TEUs) were transshipped via 
the Port of Hamburg in 2016, but one assessment 
of potential suggests that this figure could rise to 25 
million standard containers by 2025.4 Since this growth 
target cannot be realized solely by enlarging the port’s 
footprint, the operator, Hamburg Port Authority (HPA), 
is turning to other options to facilitate continued 
expansion. The aim is to improve port’s efficiency as an 
important link in the supply chain by deploying smart 
solutions (“smartPORT logistics”) for the flow of traffic 

and goods. “We can optimize the use of traffic routes 
and, for example, optimize the speed at which contai
ner vessels pass through the port,” explains Sebastian 
Saxe, Chief Digital Officer.5 The smartPORT logistics 
concept focuses on the aspects of infrastructure, traffic 
flows and the flow of goods.6

-

4 See Hamburg Port Authority (2017a). 
5 See Google Deutschland (eds.) (2017), page 7.
6 See Hamburg Port Authority (2017b). 

Launched in 2013, the smartPORT logistics project 
essentially centers around connecting and analyzing a 
variety of data in the cloud. Some 800 sensors around 
the port take 100 readings per second: water levels, ves
sel positions, truck weights, and so on. As a result, the 
control center always knows exactly what is on board 
a given vessel and what route it plans to take. About 
40,000 trucks pass through the port area every day, and 

-

Figure 66: Google’s industrial projects and equity investments (excerpt)
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they all have to be coordinated. The cloud-based smart
PORT logistics solution developed in cooperation with 
T Systems and SAP is deployed to master this challenge.
Connected via a control center, each vehicle has its own 
mobile device and receives traffic management infor
mation. Fast information provisioning is imperative: 
Only by selecting and prioritizing information gene
rated from the flood of data is it possible to genuinely 
help drivers and carriers in their work. The vehicle 
status, current wait times in loading/unloading zones 
and order data all come together in this information 
system.

Figure 67: The Port of Hamburg’s digital system

-

-

-  

 

Source: Roland Berger (2017) 

The long-term aim is to connect traffic information 
for all means of transportation – shipping, rail and 
road traffic – via an intermodal port traffic center. This 
will provide all relevant information about the traffic 
situation in Hamburg’s port area to all transport users 
and logistical decision makers in real time.
Digitalization should thus simplify and optimize 
the control of traffic and goods flows. The resultant 
efficiency gains add economic value for the Port of 
Hamburg, but are also having a positive impact on 
the environment: Improved logistical processes are 
reducing air pollution and greenhouse gas emissions 
caused by vehicular traffic.

Figure 67: The Port of Hamburg’s digital system
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Five hypotheses about the digital transformation

The digital transformation – expedited by the four keys 
of digital data, automation, connectivity and digital 
customer interfaces – is bringing fundamental change 
to market structures and laying the basis for innovative 
systems. If environmental technology and resource 
efficiency companies are to be able to benefit from this 
development, they must adapt to the new rules of the 
game brought about by the transition to the digital age. 
The principal changes are subsumed here under five 
hypotheses:
l Hypothesis 1: New, disruptive business models are 

replacing old business models 
l Hypothesis 2: Traditional corporate structures are 

becoming more flexible 
l Hypothesis 3: Virtual platforms are forcing changes 

in market design 
l Hypothesis 4: New competitors are penetrating links 

in the value chain 
l Hypothesis 5: Network effects are becoming estab

lished as a new competitive advantage
-

New, disruptive business models are 
replacing old business models

The dictionary tells us that the verb “disrupt” means 
“to break apart”, “to throw into disorder”, “to interrupt 
the normal course of”. These definitions say a lot about 
what disruptive technologies and business models do. 
The concept of “disruptive innovation” was first elabo
rated by Clayton M. Christensen, Professor at the Har
vard Business School, in his 1995 book “The Innovator’s 
Dilemma”.7 Disruptive innovation differs materially 
from incremental innovation. In some quarters, a 
similar meaning is given to juxtaposition of the terms 
“revolutionary innovation” and “evolutionary inno
vation”. Innovations are described as disruptive when 
they fundamentally change the rules by which markets 
and/or individual industries operate. Closely linked 
to the notion of disruptive innovation is a phenome
non known as “digital Darwinism”. “The term digital 
Darwinism aptly describes the process in which a lot of 
companies and industries currently find themselves – 
many of them without having been asked, and some of 
them without wanting to be there.”8 The formulation 
evokes a process of natural selection that takes effect 
when businesses or branches of industry are confron

-
-

-

-

-

ted by changed conditions. Depending on whether and 
to what extent they succeed in adapting, their market 
position will either improve or deteriorate.

Disruptive innovations frequently begin in niche seg
ments.9 Taking new technologies and business models 
as the starting point, products and services are devel
oped that initially appeal to only a small number of 
users. However, further development of these products, 
changes in customers’ interests and preferences and 
injections of capital by investors then trigger disruptive 
development: The new offerings crowd out incumbent 
firms and their products and go on to dominate the 
market, which usually grows in size thanks to disrupti
ve innovations. Such disruptive innovations only ever 
extend over a certain period of time.

-

-

-

The degree of maturity of disruption (see Figure 68) 
thus varies from market to market. Enterprises such 
as Netflix and iTunes, for example, are still in the early 
days of disrupting the market for cultural products. 
They sell music and film files and, in so doing, launch 
an assault on film studios’ established business model, 
but also on that of TV channels and music labels. Mean
while, in telecommunications, the use of messaging 
services such as WhatsApp is increasing relentlessly. 
The services themselves are likewise expanding their 
business model in the direction of online telephony. 
Conference calls can already be held over Facebook 
Messenger, for example.

-

Flash memory initially had too little memory space, 
was relatively expensive and was not particularly 
reliable, all of which left it clearly inferior to traditio
nal hard drives. On the upside, flash memory cards 
were small, low on power consumption and thus well 
suited to use in mobile devices such as digital cameras 
and USB sticks. Over time, they found their way into 
more and more devices and applications. This in turn 
boosted the sale, production and development of flash 
memory, which consequently became better and ever 
cheaper. Today, flash memory cards are already sub
stituting for conventional hard drives, in part because 
cloud solutions mean that users need less and less phy
sical memory space on notebooks and tend to attach 
greater importance to memory speed.

-

-

-

7 See Christensen, Clayton M. (1997). 
8 See Kreutzer, Ralph T. (2017), page 34. 
9 See Fleig, Jürgen (2017).  
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Figure 68: Examples of disruptive business models with differing degrees of maturity

Source: Roland Berger (2017) 

Traditional corporate structures are 
becoming more flexible

 

In many industries, digitalization is simplifying access 
to customers and thereby creating the conditions for 
a more pronounced customer orientation. This trend 
is confronting companies with new challenges, as 
they now have to foster a customer-oriented, digital 
mentality in place of the traditional product-oriented 
approach. That demands a willingness to accept cultu
ral and structural changes.

-

Figure 69 highlights the differences between the tradi
tional and digital mentalities in corporate decision pro
cesses. In the past, such processes began with technical 
product development, from which every other link in 
the value chain (operational service delivery, market
ing, sales etc.) followed. The digital mentality turns this 
approach on its head by taking customers and their 
(presumed) needs as its starting point.

-
-

-

To have something ready in good time with which to 
counter disruptive business models that threaten their 
own business models, and to be able to offer systemic 
solutions, more and more firms are forming alliances. 
If these intercompany teams are to succeed, all the 
companies involved required flexible structures and 
fast decision processes.

Virtual platforms are forcing changes in 
market design

Virtual platforms use the products and services of 
third-party players to seize sales opportunities. They 
occupy the interface to the customer and establish 
themselves as important sales platforms for other com
panies. This position then allows them to set the rules 
for selling and thus change the design of the market. 
The third-party companies themselves end up as mere 
suppliers, and lack of direct customer access leaves 
them unable to generate the data they would need to 
develop new business models. Not all platforms are on
line marketplaces: They can also be operating systems 
or comparison portals.

-

-

Figure 68: Examples of disruptive business models with differing degrees of maturity
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Figure 69: Principles and values – Comparison of companies with traditional and digital mentalities (based on companies’ own 
statements)

Source: Roland Berger (2017)

Alphabet’s Android operating system shows how a vir
tual platform can dictate the rules by which a market 
plays. App developers who want to sell their solutions 
on the platform must submit to the operator’s rules. 
They must satisfy a large number of technical and 
content requirements prescribed for Android to even 
be accepted in the app stores. They also have to accept 
the high commission fees that Google charges on every 
sale.10

-

Nor are Apple, Google and Amazon the only virtu
al platform operators. Comparison platforms like 
Check24 are likewise fundamentally changing the 
market design in certain segments, such as in the elec
tricity market.11 Customers no longer contact power 
utilities to find out about electricity rates. Instead, 
they to turn to the Check24 platform to compare the 
terms offered by different providers. The portal then 
lets them book their chosen tariff directly. Traditional 
providers are thus losing interaction with customers 
and, hence, being deprived of direct contact with their 
target groups.

-

-

-

-

-

10 See Ramge, Thomas (2015). 
11 See Lünendonk GmbH (2015).

New competitors are occupying links in 
the value chain

Digitalization lets both start-ups and incumbents po
sition themselves as new competitors in existing value 
chains. It helps companies get to know their customers 
better and develop new business models that line up 
with the latter’s needs. In the process, businesses are 
discovering the need to expand their offerings into 
other industries, too. As a result, they can compete on 
new markets, disrupting – and in some cases replacing 
– incumbent players’ value chains in their capacity 
as new competitors. In many cases, the value chains 
themselves thus become smaller. Moreover, to be able 
to continue to offer functionality, added value, pro
ducts and/or services, companies become more closely 
interconnected.

In this process, traditional firms may lose the inter
face to their customers and the value chain, too, may 
change. These developments are starkly apparent in the 
banking sector, where diversified companies are now 

Figure 69: Principles and values – Comparison of companies with traditional and digital mentalities (based on companies’ own 
statements)
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operating in what, for them, are completely alien lines 
of business that have nothing to do with their core 
business. Apple Pay and Google Wallet are bringing 
radical change to payment transactions by rendering 
cash, EC cards and credit cards surplus to requirements. 
Yet even telecommunication providers such as Deut
sche Telekom are providing payment transaction solu
tions. And by granting loans to finance the purchase of 
their products, industrial conglomerates such as BMW 
and VW are delivering financial services that would 
traditionally have been handled by banks.

-
-

On the other hand, start-ups too are attacking what 
was hitherto the exclusive preserve of financial ins
titutions. Rather than launch a major assault on the 
whole banking business, they focus instead on specific 
aspects of value creation. PayPal offers convenient 
ways to handle payment transactions in the digital 
realm. Kickstarter and Seedmatch are changing the 
face of corporate finance by raising capital via online 
platforms. Providers like Auxmoney broker private 
peer-to-peer loans in an attempt to challenge banks’ 
traditional money lending role.12 At best, traditional 
banks will thus find themselves demoted to the role of 
broker, losing both access to customers and parts of the 
value chain.13

-

Network effects are becoming establis
hed as a new competitive advantage

-

Network effects are rooted in the premise that every 
new customer adds greater benefits for all customers. 
Value-added services and new business models in the 
orbit around these networks can be harnessed to yield 
two competitive advantages: better products and an 
effective barrier to competitors.

Products can be continually improved thanks to the 
large number of users and their feedback, connecti
vity across devices and the gathering of data. It is also 
conceivable to use digital data to develop new services 
for customers. An example: Facebook tests whether 
new Messenger versions work, and the feedback from 
devices used by its customers show which functions are 
used frequently. These functions are then substantially 
improved to secure competitive advantages in product 
development.

-

At the same time, the barrier to entry for competitors 
is raised significantly. Compatibility problems between 
different network platforms are nothing unusual, 
meaning that, for customers, it is mostly more conveni
ent to stay with their current network. Apple users, for 
instance, quickly become accustomed to the free iMes
sage function that only works between iPhones. This 
“lock-in effect” makes it more difficult for manufactu
rers of other smartphones to establish their products 
among groups of iPhone users.

-

-

-

12 See Roland Berger GmbH (eds.) (2016a). 
13 See Roland Berger GmbH (eds.) (2016b).  
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Digitalization-driven development opportunities in environmental 
technology and resource efficiency

It is becoming harder and harder to improve individu
al environmental technology and resource efficiency 
services and products. The lead markets in this cross
sector industry have already reached an advanced 
stage of development, which makes it all the more 
important to pursue a systemic approach in the future. 
This kind of approach links individual components to 
form interlocking systems and thus create end-to-end 
solutions. By way of example, this section looks at five 
digital systems that are all of considerable relevance to 
the green tech industry. These examples clearly illust
rate how digitalization creates positive stimulus for the 
ongoing development of environmental technology 
and resource efficiency by supporting and advancing 
systemic approaches.

-

-

-

More systemic approaches thanks to 
digitalization

Environmental technologies have already reached 
an advanced stage of development and can, in some 
cases, only be further improved by gargantuan efforts 
in terms of investment and research. The absolute 
efficiency of solar cells, for instance, is limited by 
physical and technical losses. In industrial production, 
monocrystalline silicon technology has remained in a 
constant efficiency range for years. In the case of stand
alone photovoltaic installations, there is usually also a 
time discrepancy between power generation and power 
demand, apart from the fact that low output makes in
tegration in the grid problematic. That said, examining 
the overall system of power generation, storage and use 
definitely reveals untapped potential for improvement.

-

-

A similar picture is in evidence in the automotive 
industry. The potential to achieve efficiency gains in 
combustion engines through structural modifications 
is practically exhausted. However, merely rethinking 
motors and vehicles with alternative drivetrains (such 
as e-cars) would be a short-sighted approach: The 
environment, too, must be factored into all considera
tions. That includes both a charging infrastructure and 
innovative forms of customer access in order to deliver 
environmentally compatible mobility solutions.

-

These examples from solar power generation and 
e-mobility illustrate the complex challenges posed by 
climate and environmental protection – challenges 

 

that are difficult to master with isolated solutions. 
That is why demand is growing for systemic solutions. 
The cross-technology and interdisciplinary approach 
required for this purpose is inherent in the green tech 
industry’s DNA (desoxyribonucleic acid): Connectivity 
and cooperation beyond the boundaries of individual 
disciplines are typical attributes of cross-sector 
industries such as environmental technology and 
resource efficiency.

 

Today, digitalization is increasingly evolving into a 
driver of systemic solutions. The four keys to digitaliza
tion (digital data, connectivity, automation and digital 
customer access) prepare the ground for innovative 
systems that can be used to meet environmental 
protection and climate action targets. 

-

 

In this context, digitalization increases the volume of 
data, which is collected by more and more sensors in 
devices and equipment. The volume grows not least 
because data is gathered at ever shorter intervals and, 
ultimately, in real time. In joined-up systems, this data 
is then transferred to a control center.

One of the most important factors is connectivity 
between the individual system components. A high-
performance (broadband) network is needed to make 
data exchange and ever higher transmission volumes 
possible in the first place. For the stationary transmission 
of large volumes of data, a broadband connection is 
an indispensable prerequisite. Yet mobile data trans
mission facilities are equally vital. The development 
step from LTE to 5G has brought us within touching 
distance of mobile transmission rates of 10,000 Mbit/s. 
In addition, technologies such as near-field communi
cation (NFC), a new wireless data transfer standard, can 
now also be used to facilitate straightforward commu
nication between the sensors in a device.

-

-

-

Building on faster, simpler and more accurate data 
exchange between devices, it becomes possible to de
velop self-organizing systems. These can increase both 
the accuracy and the speed of the work to be done, 
thereby helping to reduce operating costs. A crucial role 
is played by the combination of traditional technology 
and artificial intelligence. Automation is thus a critical 
driver of systemic approaches in environmental tech
nology.

-

-
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Digitalization and rebound effects 

The efficient use of energy, materials and water is 
fundamental to the sustainable use of resources, with 
lower costs often delivered as a welcome side-effect. 
One less desirable consequence of greater efficiency is 
what is known as the rebound effect. This effect “de
scribes the difference between the saving an efficiency 
measure is theoretically expected to yield and the sa
ving that is actually realized.”14 The example of an LED 
lamp illustrates how a more energy-efficient device can 
influence people’s purchasing behavior and patterns 
of usage: If a conventional light bulb is replaced by an 
LED lamp, power consumption will decrease given 
constant lighting power. However, if two LED lamps 
are installed in place of one conventional light bulb, the 
rebound effect (greater usage) ensues. More intensive 
use (fitting an LED lamp with greater luminance) and 
more frequent use (leaving the lamp on for longer) are 
other variations on the rebound effect theme.

-

-

A distinction is drawn between direct and indirect 
rebound effects. In the case of the direct rebound effect, 
“the more efficient good or service […] is used more, 
more frequently or more intensively after the efficien
cy gain, thereby directly offsetting part of the energy 
saving”, according to the definition used by the Federal 
Environment Agency.15

-

Direct rebound effects are conceivable if the use of 
energy-efficient environmental technology and re
source efficiency solutions is not adjusted in line with 
demand. If a production plant is not switched on when 
a digitally connected system recommends that this 
should be done, for example, the potential efficiency 
gains will obviously not be realized. Even the wider use 
of car-sharing instead of (more energy-efficient) public 
transportation can lead to direct rebound effects. In 
the same way, the rising demand for energy prompted 
by the increased use of electronic devices within the 
framework of digitalization can also be classed as a 
direct rebound effect. On the one hand, digital offerings 
are needed to create the conditions for energy-efficient 
solutions. But on the other hand, they themselves also 
contribute to higher resource consumption (see the box 
on “Obsolescence”).

-

Digitalization can likewise trigger indirect rebound ef
fects on both the microeconomic and macroeconomic 
levels. Because of what they save on energy consump
tion, the users of energy-efficient building solutions, 
for example, have more money to spend on other 
things – such as long-distance air travel that entails 
a sizable CO2 footprint. Similarly, efficiency gains in 
energy and material consumption give companies the 
chance to invest more in tangible assets or to expand 
production. That in turn can lead to higher energy 
input if it does not replace other types of products or 
the products of other vendors. On the macroeconomic 
level, efficiency gains can improve overall productivity 
and thus contribute to more forceful economic growth, 
which in turn can boost macroeconomic energy input. 
Along the same lines, lower energy consumption 
caused by energy efficiency can also result in lower 
market prices for energy, which can then drive stronger 
demand for more attractively priced energy among 
other market players.16 It is even possible for rebound 
effects to cancel out and exceed the reduction in con
sumption (a scenario referred to as “backfiring”).

-

-

-

Empirical estimates of rebound effects depend on the 
methods used and the effects included. It would seem 
especially difficult to draw a clear line between growth 
effects and the effects of structural transition. It follows 
that the different studies produce a very broad spec
trum of effect estimates. The most important factors 
of influence are the nature of the products and servi
ces used, the saturation of the market with goods and 
the level of income. For instance, observations show 
that direct rebound effects are comparatively lower in 
high-income countries than in developing countries, 
where extra income is often immediately spent on 
greater consumption in order to raise the quality of life. 
Estimates of rebound effects relating to room heating 
vary between 10 and 30 percent of the posited savings 
potential. In traffic contexts, studies point to rebound 
effects of around 20 percent. The concrete extent of a 
given rebound effect is nevertheless heavily dependent 
on the specific conditions and can be reduced by a 
variety of instruments.

-

-

14 See Umweltbundesamt (2016f), page 4.
15 Ibid.
16 See Umweltbundesamt (2014).
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Digitalization creates new approaches that work well 
to combat rebound effects: dematerialization, informa
tion and automation. The dematerialization of many 
products and processes in the course of digitalization 
can naturally lead to rebound effects of its own. How
ever, these effects occur in the digital, dematerialized 
world.17 The music industry is a good example: Digitali
zation has actually increased the number and variety of 
music tracks sold, but physical recording media such as 
CDs have become virtually obsolete.

-

-

-

Digital data and digital customer access also create 
the opportunity to gain a far better understanding of 
rebound effects than in the past, and hence to formu
late effective solution strategies and behaviors that 
genuinely save resources. Digitalization enables the 
playful style of app functionality, integration in social 
networks and the visualization of data to be harnessed 
in a way that creates powerful incentives to attenuate 
rebound effects.

-

At the same time, automation in the systemic solutions 
used in digital environmental technology are increas
ingly simplifying the task of efficient management and 
control. Many systems are themselves able to process 
digital data and can therefore optimize themselves 
and/or the processes within which they operate. Such 
pre-programmed optimization means that direct 
rebound effects can be virtually ruled out.

-

 

To summarize: Rebound effects must always be borne 
in mind as possible obstacles to the realization of po
tential savings. Nevertheless, neither these effects nor 
potential efficiency gains can ever be considered in iso
lation: Both must always be seen in their wider context. 
Digitalization harbors promising potential to prevent 
or at least significantly reduce rebound effects. This 
potential derives from several factors: insights gained 
from digital data, the automation of system solutions 
coupled with the active prevention of error sources, 
and the option of leveraging digital customer access to 
realize completely new ways to interact with users.18

-

-

17 See Patrignani, N./Kavathatzopoulos, I. (2016). 
18 See Deutscher Bundestag (2014).
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Digital systems of relevance to environmental technology 
and resource efficiency

Digitalization is increasingly evolving into an enabler 
of system formation, as the four keys to digitalization 
(digital data, automation, digital customer interfaces 
and connectivity) lay the foundation for innovative 
digital systems. At the same time, new products and 
services are being developed alongside innovative 
ways to use existing components. One thing the digital 
systems presented on the following pages have in com
mon is considerable environmental relief potential. 
Environmental relief potential is understood to mean 
the extent to which using, applying or drawing on a 
product, process or service eases the burden on the en
vironment. For example, renewable energies essentially 
possess substantial environmental relief potential with 
regard to climate action and energy consumption.

-

-

Specifically, the sections that follow address five digital 
systems: connected energy, connected information 
networks, Industry 4.0, urban connected mobility 
and smart grids. The exact content of each of these 
digital systems is defined, and a description of both 
incumbent and new companies and business models is 
followed by an assessment of economic and ecological 
aspects.

Connected energy

Buildings account for roughly 40 percent of Germany’s 
total energy consumption. This figure includes the 
heating and cooling of rooms and the power consum
ed directly by appliances.19 Improving the energy 
efficiency of buildings therefore plays a material part in 
lowering energy consumption and thus reducing emis
sions of greenhouse gases. One important tool to do 
so is energy management – not only in smart homes, 
but also in trade and industry, in retail and the service 
sector. Technological progress has changed buildings’ 
role as energy-hungry consumers, and today they can 
also generate energy in the form of heat and electricity. 
Properties have morphed into energy “prosumers”, in 
other words. This fact, coupled with growing connec
tivity, is making it possible to build the digital system 
known as connected energy (see Figure 70). 

-

-

-

As a digital system, connected energy covers every
thing from the individual components of producers, 
stores and consumers of electricity to interaction with 
users, mobility and power utilities (blue elements; see 

-

Figure 70). Solar, wind and geothermal power plants are 
some of the options to generate power and heat. The 
generated electricity can either be stored in a power 
battery or consumed directly. Energy-efficient systems 
are available to optimize the producer’s own consump
tion. For example, heat pumps and air-conditioning 
systems already use internal thermostats or can have 
their timing programmed by the user.

-

Where power can be neither consumed nor stored by 
the producer, links to the power grid open up the pos
sibility of selling electricity on the market. The digital 
transformation is further strengthening connectivity 
between the individual components and their control
lers (gray elements; see Figure 70). Here again, the four 
keys to digital transformation lay the foundation for 
the system.

-

-

Connectivity across all components combines the 
smart generation, storage and consumption of elec
tricity. The combination of connected photovoltaic 
installations and energy storage helps allow environ
mentally friendly energy to be used effectively. Storage 
units hooked up to the electricity market not only en
sure that power is available when it is needed: They also 
facilitate better load management and optimized inte
gration in the grid. Decisions about whether electricity 
is fed into the grid, whether mobile and stationary 
storage units are used or whether immediate consump
tion makes more sense are taken automatically.

-

-

-

-

-

Digital data is useful to understand users’ consumption 
habits, optimize energy management and thus save on 
energy consumption. Weather data and consumption 
pattern recognition allow heating system control to 
be adjusted in such a way that thermal storage units 
are fully charged when the energy is actually needed. 
If no demand for heating is expected on account of 
the weather and users’ habits, the energy can be put to 
other uses.

-

 

19 See Bundesministerium für Wirtschaft und Energie (2014). 

Automation creates a situation in which energy flows 
can regulate themselves. The need to operate heat 
pumps, valves, air-conditioning and ventilation sys
tems (such as opening and closing windows) by hand 
is thus eliminated. Automation makes things simpler 
while also tapping additional potential to save energy. 
Digital user access enables information about a 
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building’s energy systems to be gathered. This infor
mation creates transparency and cultivates awareness 
of the need to use energy responsibly. By visualizing 

energy consumption as a whole, it avoids focusing too 
narrowly on optimization measures that are limited to 
plant and equipment.

GreenTech made in Germany 2018

Figure 70: Components and structure of the digital system “connected energy”

Source: Roland Berger (2017)

-

Companies involved in the digital system 
The interplay of all kinds of components within the 
connected energy system demands completely dif
ferent capabilities on the part of the actors involved 
(see Figure 71). Storage technologies, for example, are 
supplied by Vaillant and LIACON Batteries, whereas 
solutions to control and connect the individual compo
nents are core competencies of Southern Electric and 
homee. Firms such as Buderus and Viessmann provide 
consumer appliances, IBC produces photovoltaic sys
tems and Ebee develops smart charging infrastructures. 
Many companies thus focus on sub-segments, lever
aging specialization and detailed knowledge to gain 
competitive advantages.

-

-

-

-

Figure 70: Components and structure of the digital system “connected energy”
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The large number of players in the connected energy 
system also stand out for their heterogeneous nature. 
Companies from a broad spectrum of different indus
tries converge within this system and, in the process, 
find themselves in a new competitive situation. Car 
makers such as BMW and Daimler are keen to build a 
new line of business in the orbit around storage tech
nologies and are planning to sell new and used electric 
vehicle batteries as battery storage units for homes and 
for commercial use. Technology giants like Apple and 
Google are using their products Homekit and Nest to 
penetrate the market for the connected home, while IT 
service providers of the caliber of Deutsche Telekom 
and Cisco are staking out new positions with com

munication solutions for control equipment. Tradi
tional power utilities are marketing management and 
connectivity options and, in so doing, are operating 
in parallel to developers of virtual power plants. The 
different backgrounds of these companies are a driver 
of digitalization in the connected energy system.

In this context, start-ups are occupying key positions in 
digitalization, often handling the tasks of establishing 
connectivity or managing data. They are thus exploiting 
the potential inherent in existing appliances. And by 
occupying this interface, these firms are positioning 
themselves as pivotal enablers of digitalization – even 
without developing technologies that are explicitly new.

Figure 71: The digital system “connected energy” – Segmentation and examples of players

Source: Roland Berger (2017)

-

-

-

-

New business models  
At every point in these digital systems, new business 
models are constantly springing up and being seized 
on by incumbents and start-ups alike. These business 
models indeed play a significant part in the creation 
of the digital systems and accelerate their continued 
development. The Figure below assigns (sample) com
panies that operate innovative business models to four 
categories: establishing distributed networks, creating 
platforms, managing consumption and visualizing data 
(see Figure 72).

-

Distributed networks must be established to enab
le components in the connected energy system to 
interact via transmission technology. Wireless techno
logy company EnOcean markets battery-less wireless 
solutions in the form of switches and sensors.20 The 
underlying idea is to use changes in energy statuses: 
Activities such as pressing a switch, changes in tempe
ratures and having lights on all create the energy that is 
needed to transmit wireless signals. EnOcean’s pro
ducts are deployed primarily in building automation 
and machine-to-machine (M2M) communication. The 

-

-

-

-

20 See EnOcean GmbH (2017). 

Figure 71: The digital system “connected energy” – Segmentation and examples of players
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company’s vision is to develop tiny wireless modules 
that can be implanted straight into machine parts.
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Figure 72: Examples of new business models that are driving digitalization in the connected energy system

Source: Roland Berger (2017) 

The platform business model uses connected sensors 
and devices to facilitate automated management. 
Businesses such as QIVICON bring multiple devices 
from different brands together on a single technical 
platform,21 allowing the functions of different brands 
and devices to be combined, monitored, controlled and 
automated. QIVICON’s partners include power utilities 
and various manufacturers of devices for use in the 
home and garden, as well as telecoms providers and 
suppliers of security solutions.

Energy management for buildings is offered by the 
likes of Cylon.22 This company has developed an energy 
monitoring system called Active Energy SaaS, which, 
together with an open system for the integration of 

building management systems, is capable of operating 
an active energy management system. The toolkit in
cludes a reporting function that forwards energy usage 
and consumption data in real time. The software is able 
to identify increases in power consumption by specific 
devices.

-

Intuitive data visualization is a fundamental precon
dition if the flood of data is to be made available to 
users and if management functions are to be readily 
comprehensible – and indeed possible in the first place. 
ICONAG rises to this challenge with four visualization 
products: a visualization editor, an alert system, digital 
time switches and graphical data loggers.23 The visua
lization editor allows data points to be visualized in a 
tree structure. At the same time, users can draw on a li
brary of symbols to design customized control software 
on touch panels, notebooks or mobile applications.

-

-

-

21 See Deutsche Telekom AG (2017).
22 See Cylon (2017).
23 See ICONAG Leittechnik GmbH (2017).

Figure 72: Examples of new business models that are driving digitalization in the connected energy system
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Building information networks

Analyzing material flows reveals the immensity of 
global resource consumption in the construction 
sector. Roughly half of the raw materials extracted 
worldwide – and 80 percent of mineral resources24 – are 
channeled into the building industry. Buildings are not 
only erected, however: They are also torn down again, 
with demolition accounting for around 50 percent of 
the global waste volume. In other words, built-up inf
rastructure has a significant influence on the develop
ment of environmental and resource protection.

-
-

In Germany, too, construction accounts for a consider
able proportion of material consumption. Every year, 
approximately 535 million tonnes of mineral resources 
are used to produce building materials and building 
products. Of this amount, stones and gravel account 
for about two thirds and sand for just under a quar
ter. The rest is split between lime, gypsum and other 
categories.25

-

 
-

Of the roughly 400 million tonnes of waste documented 
in the statistics for Germany, more than half (209 milli
on tonnes) is made up of construction and demolition 
waste. While the recycling rate for this waste stands at 
88 percent, only just over a third is channeled back into 
high-grade reuse.26 Most recycled construction waste is 
used as filler material in the construction of roads and 
landfill sites.27 Almost without exception, these input 
materials are thus “downcycled”, i.e. converted into a 
poorer-quality end product.

-

-
-

24 See SERI Nachhaltigkeitsforschung und -kommunikations GmbH (2012).
25 See Umweltbundesamt (2016a), page 14.
26 See Statistisches Bundesamt (2017d). 
27 See Knappe, Florian / Lansche, Jens (2010). 

Figure 73: Components and structure of the digital system “building information networks”

Source: Roland Berger (2017)

Improving resource efficiency is the way to reduce 
resource consumption in the construction sector. The 
crucial factor is to increase resource productivity over 
its entire lifecycle, i.e. from planning through the pro
duction and selection of building materials to opera
tion and, lastly, demolition or the recycling of built-up 
infrastructure.

Effectively increasing resource efficiency requires 
closer links to be forged across the entire value chain 

Figure 73: Components and structure of the digital system “building information networks”
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in the construction sector, as well as the systematic 
capture and linkage of relevant data at each individual 
link in the value chain. Digitalization puts in place the 
conditions needed to do so, enabling the creation of a 
building information network as a digital system.

Digitalization within this system is driven primarily 
by connectivity between the various players and their 
products and services. Data from the planning, building 
material production, construction, operation and re
cycling phases is collected and analyzed systematically 
and made available to all relevant players in a suitably 
edited form. In effect, building information networks 
are a digital system that establishes digital connecti
vity between construction processes in a system that 
is rooted in data-based analysis of the entire property 
lifecycle (see Figure 73). A digital data model mirroring 
the property (i.e. a cyber-physical system) is the core 
of this digital system. Ideally, every player involved 
in the value chain – the owners, architects, structural 
engineers, construction authorities, facility managers, 
construction firms, building material vendors, demo
lition companies and recycling businesses – should 
have access to and be able to work with the central 3D 
model, including the information databases.

-

-

-

Driven by digitalization, the expansion of this parti
cular digital system makes a significant contribution 
to increasing resource efficiency in construction. This 
becomes all the clearer when one considers the de
molition of buildings: Building information networks 
supply copious information about the materials used, 
and therefore simplify the tasks of identifying and se
lecting high-quality resources during demolition work. 
They also make it possible to plan and implement the 
recycling of building materials with a sharper focus.

-

-

-

The incentive to improve resource efficiency begins 
with planning and material selection. Doing without 
complex composites and making special provision for 
recyclable building materials and removable structural 
elements create the conditions needed for higher
grade recycling and a further increase in the recycling 
rate.28 Freedom from hazardous substances, too, is 
becoming a relevant and transparent selection crite
rion for building materials. The systematic ecological 
recording and evaluation of building materials is thus 
encouraging the transition to products and materials 
whose smaller environmental footprint places less of 

-

-

a burden on the planet’s ecosystem. In particular, that 
involves the wider use of building materials based on 
renewable resources (in paints, varnishes and insulat
ing materials, for example) and the conscious selection 
of building materials whose production uses especially 
material-efficient and energy-efficient methods. The 
benefits are twofold: While costs such as charges for the 
disposal of hazardous waste can be avoided, the built
up infrastructure can also serve as a store of materials 
for future projects. That would mark an important step 
toward realizing the cradle-to-cradle design approach 
in the construction and real estate industries.

-

-

Improvements in the planning process are another way 
to increase resource efficiency in the context of real 
estate. Digital building models permit the highly real
istic simulation of the operating phase and ultimately 
supply very detailed information on actual thermal and 
cooling loads. This helps property developers to avoid 
oversizing structural and technical facilities and/or the 
expense and inefficiency of retrofittings.29 

-

In the production of building materials, automation 
raises the proportion of recyclable materials. Smart 
robotics and sensor technology allow materials to be 
sorted, identified, separated and reused quickly and 
effectively.

During the operating phase, the building information 
network as a digital system yields further advan
tages: Here, potential efficiency gains can be realized 
by tailoring space to actual demand (digital land use 
planning), avoiding wasteful vacancy and activating 
predictive and condition-based maintenance and 
renovation.

- 

28 See Lacy, Peter/Rutqvist, Jakob/Buddemeier, Philipp (2015). 
29 See Bundesministerium für Verkehr und digitale Infrastruktur (eds.) (2015). 
 

GreenTech made in Germany 2018 



140 GreenTech made in Germany 2018

Companies involved in the digital system 
Every player at any point in the property lifecycle (see 
Figure 74) participates in the building information 
network as a digital system. Some players are incum
bent firms that are expanding their portfolio to exploit 
the opportunities afforded by digitalization. During a 
building’s operating phase, this primarily involves bet
ter maintenance services (based on remote control and 
predictive maintenance, for example) and enhanced 
energy efficiency services from facility management 
providers (with big data permitting the disaggregation 
of energy consumption). In the planning phase, more 
and more engineering consultants are drawing on 
more complex data models for the purposes of calcu
lation and simulation. However, their contribution to 
connectivity and integration is essentially limited to 
their own link in the value chain and tends to lead to 
greater vertical integration.

-

-

-

-

- 
 

Figure 74: The digital system “building information networks” – Segmentation and examples of players 

Source: Roland Berger (2017) 

Figure 74: The digital system “building information networks” – Segmentation and examples of players 

New market players consciously adopt the function 
of central data management and enable horizontal 
connectivity. In this area, construction software pro

viders (such as Softtech and Autodesk) find themselves 
competing with players from outside the industry – the 
likes of telecoms company Verizon and geodata firm 
Trimble.

In the recycling segment, traditional service providers 
such as Remondis, Alba and Suez play an active part 
and focus in particular on processing conventional 
construction waste. Innovative building material 
manufacturers that produce completely new materials 
from different types of waste make a major contribu
tion to high-quality recycling. One such firm is 
Miniwiz, whose POLLI-Brick™ can be used to build 
walls from 100 percent recycled plastics.

Another group of start-up companies specializes in the 
digital modeling of complex industry-wide processes 
in the construction sector. PlanRadar, for example, 
uses digital technology to detect defects in buildings 
during the construction phase. It then systematically 
processes and monitors remedial work from initiation 
to acceptance.30

30 See DRS DefectRadar GmbH (2017). 
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New business models  
The growing number of new market players is also 
adding to the array of services available. The develop
ment of new digital business models in particular is 
driving greater connectivity and deeper integration in 
building information networks (see Figure 75). By way 
of example, three fundamentally different approaches 
currently dominate the market environment: digital 
business models that result from data networking, 
“product as a service” strategies and innovative sharing 
concepts. 

-

-

-

Figure 75: Examples of new business models that are driving digitalization in building information networks

Source: Roland Berger (2017) 
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Joining up all data at every link in the property value 
chain opens the door to new services that concern 
themselves with the systematic capture, processing and 
provisioning of this data. Under the rubric “building 
information modeling”, solutions are developed that 
add the time and cost dimensions to three-dimensional 
building data.31 What are known as electronic “material 
passes” containing information on pollution and reusa
bility are integrated in these data models. The revenue 
models range from supplying and updating the soft

ware (license fees) to the graphical editing of the data 
models to consulting and planning services relating to 
the operation or demolition of the building.

Following the circular economy principle, the “product 
as a service” business model is a promising option for 
many firms and is again made possible primarily by 
digitalization. Products are no longer bought once, 
but are used as a service only for the duration of their 
actual service life. One good example is the “light as 
a service” approach which Philips uses to illumine 
Amsterdam’s Schiphol Airport.32 Philips remains the 
owner of all fittings and installations, and Schiphol 
pays to use them. Thanks to digital data, only the exact 
consumption amount is billed. When the contract 
expires, all the fittings can be upgraded and put to 
another use, for example, or selectively recycled. Both 
alternatives significantly improve material efficiency. 
For Philips, the “product as a service” business model 
also opens up an attractively priced source for the 
future purchase of materials.

31 See Eastman, C. (ed.) (2011). 
32 See Philips (2015).

Figure 75: Examples of new business models that are driving digitalization in building information networks
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Sharing platforms take advantage of the new possi
bilities afforded by digital user access. These begin 
with digital contact initiation – for example between 
architects and developers, or between providers and 
users of space. Many platform providers make good use 
of the benefits digital media deliver in terms of flexibi
lity, speed and the ability to keep data up to date. Here, 

-

-

the revenue model is based essentially on commission 
fees. Another approach arises from the modeling of 
digital workflows on specialist platforms that provide 
document management services in the planning and 
construction phase, for instance, or that take care of 
warranty tracking.

Industry 4.0

The manufacturing industry still plays a weighty role in 
Germany. Industrial companies generate 22.5 percent 
of the country’s gross value added, and the export rate 
is 50 percent.33 Manufacturing is also responsible for a 
good fifth of all greenhouse gas emissions in Germa
ny.34 Resource savings therefore have a huge impact in 
this pivotal sector of the German economy. Potential 
savings can be tapped above all by improving resource 
efficiency, which in turn can be achieved by optimizing 
the use of materials in production. Given the huge 
volumes of energy devoured by industrial production, 
there is also no shortage of opportunities to realize sa
vings and improve energy efficiency. At the same time, 
in its capacity as the leading international industry 
supplier, Germany delivers plant and machinery for 
industrial production throughout the world. By the 
same token, it is also highly sensitive to technological 
trends in industry.

-

-

A powerful automotive sector, one of the driving forces 
behind the German economy, is itself rooted in the wi
der manufacturing industry. Large numbers of German 
midcaps have a global footprint. Some 1,500 of them 
stand out as “hidden champions”, their specialized 
niche solutions occupying leading positions on the 
world’s markets.35 In mechanical and plant engineering 
and in automation systems, too, German providers lead 
the international field.

-

There is therefore no question about the impressive 
system solution credentials of German companies.36 
Especially in industry, digitalization is encouraging an 
ever more pronounced systemic approach driven by a 
number of players. Together, these players are develop
ing new, innovative business models that have positive 
economic and ecological implications for the lead 
markets for environmental technology and resource 
efficiency.

-

Figure 76 illustrates an industrial production facility 
and its links to the outside world. Many components 
are already facilitating high productivity and greater 
resource efficiency in industrial production. Suppliers 
such as the producers of raw materials and traditional 
providers of intermediate products provide production 
facilities with materials to feed further production 
steps – the steps that transform the materials into 
goods. Traditionally, the consumers of industrial pro
ducts are retailers, service providers, private individuals 
or other industrial customers who themselves use or 
refine the products they buy. In conventional indus
trial production, a variety of machines, sensors, robots 
and vehicles support the delivery, manufacture and 
logistical distribution processes, all of which are heavily 
standardized and automated.

-

-

Industry 4.0 is all about increasingly joining up 
humans, machines, equipment, logistical chains and 
products to form smart, digitally connected systems 
in which production can be largely self-organized and 
thus becomes more energy-efficient and resource-
efficient. Connectivity in the context of Industry 4.0 
raises production efficiency, thereby tapping into fresh 
potential to save energy and materials.

Digital data forms the basis for predictive maintenance. 
The modern sensor technology used to continually 
monitor the status of production equipment generates 
vast quantities of this data. Analyzing it then allows 
potential “trouble spots” to be identified and remedied 
before they cause disruptions. Lengthy outages or 
disruptions in the production facility can thus be 
prevented.

Thanks to the use of additive manufacturing processes 
under Industry 4.0, automation is continuing to ad
vance. Additive manufacturing processes and light
weight construction methods are central to resource-
efficient production in the context of Industry 4.0. 

-
-

33 See Bundesministerium für Wirtschaft und Energie (2017f). 
34 See Bundesministerium für Umwelt, Naturschutz, Bau und Reaktorsicherheit (2017b), page 33. 
35 See Deutsche Bank Research (2016), page 7. 
36 See acatech – Deutsche Akademie der Technikwissenschaften e.V. (2013), page 5.  



143

Figure 76: Components and structure of the digital system “Industry 4.0”

Source: Roland Berger (2017)

Special parts are 3D-printed on demand. Depending 
on the field of application, distinctions are drawn 
between rapid prototyping, rapid tooling and rapid 
manufacturing.

 

Digital customer access is reinforcing the trend toward 
on-demand production. Products are not made unless 
they will definitely be accepted by the customer. 
And that saves resources and energy, because direct, 
networked communication with the customer ensures 
that the production process consumes only and exactly 
what is needed to satisfy the customer’s requirements. 
The products carry all the necessary information in 
themselves, and machines fitted with smart connec
tivity can adjust themselves automatically to varying 
product preferences.

-

These are not the only benefits that digital networking 
creates for Industry 4.0 production processes. If all 
information is accessible in real time, companies can, 
for example, respond earlier to the availability of cer
tain materials. Across the entire enterprise, production 
processes can then be managed in a way that saves both 
resources and energy.

-
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Figure 76: Components and structure of the digital system “Industry 4.0”
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Companies involved in the digital system 
Within the digital system “Industry 4.0”, the implemen
tation of digitalization affects all kinds of components 
and capabilities. Accordingly, a spectrum of widely 
differing players are rolling out suitable products and 
services (see Figure 77). Traditional technology firms 
and machine builders provide plants and individu
al components for production. Robot technology 
is supplied by incumbents such as Kuka and Fanuc. 
Companies like SAP and Cisco help to analyze the 
data that modern sensor technology from firms such 
as Elobau and Bernstein culls from the production 
plants. Businesses such as voxeljet and Keyence provide 
3D printers for industrial production, while the likes 
of Com2m take care of interconnectivity between 
machines and products. To simplify digital customer 
access, Syngenio and Salesforce are two of the players 
that market cloud and software solutions for corpo
rate customers. In addition, many firms specialize in 
individual niche areas in which each seeks to establish 
a competitive advantage.

Figure 77: The digital system “Industry 4.0” – Segmentation and examples of players

-

-

-

-

-

-

-

-

Source: Roland Berger (2017)

Figure 77: The digital system “Industry 4.0” – Segmentation and examples of players

Some of these firms are from other industries. But 
each one contributes the specific capabilities it has 
acquired in its own core market, extending its portfolio 

of products and services into the field of Industry 4.0. 
Apart from the large number of relevant companies, 
one characteristic feature of the “Industry 4.0” digital 
system is an ever increasing degree of homogeneity: 
Software providers like SAP and SAS today find them
selves competing with companies such as Siemens and 
Bosch, which now no longer merely sell machinery but 
also IT solutions for Industry 4.0.

Meanwhile, start-ups armed with innovative offerings 
are launching an assault on – and occupying key posi
tions in – the Industry 4.0 value chain. Munich-based 
Magazino is one of them, developing intelligent robots 
to handle the logistics of individual objects in the con
text of Industry 4.0. The devices and services developed 
by start-ups are powerful drivers of the ongoing disse
mination of digital business models on the Industry 4.0 
market. Many of them occupy positions in connectivity 
and data management. Innovative software solutions 
from firms such as Axoom, PSI and Q-loud leverage 
M2M communication to forge networks across the 
whole industrial production process. By occupying 
these important communication interfaces, start-ups 
position themselves as key drivers of digital connectivi
ty in Industry 4.0.
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New business models 
The challenges posed by the digital system “Industry 
4.0” create opportunities for new business models (see 
Figure 78). These models exploit the potential of appli
cations involving 3D printing technology, smart robots, 
the need for enhanced product communication and 
augmented reality that boosts production efficiency in 
order to generate revenue streams.

-

-
-

-

-

-

-

Figure 78: Examples of new business models that are driving digitalization in “Industry 4.0”

Source: Roland Berger (2017)
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Figure 78: Examples of new business models that are driving digitalization in “Industry 4.0”

Louder calls for on-demand production are giving rise 
to business models that use 3D printers to produce 
small batches of components. Firms such as voxeljet 
hold out the promise of all kinds of customer benefits 
from 3D printing systems developed specially for in
dustrial applications.37 The tool-free and fully auto
mated production of complex parts, prototypes and 
small-series components helps drive costs down. It also 
takes less time to produce parts than when traditional 
machine tools are deployed. Providers of industrial 3D 
printers generate revenue streams by selling 3D prin
ters, but also by selling 3D printing as an outsourced 
service.

Business models based on smart robots are the solution 
to stepped-up demand for automation and adaptive, 

communicative machines in Industry 4.0. Start-ups 
such as Magazino are applying smart robot technolo
gy to new areas of application.38 Their pick-by-robot 
solutions enable picking robots to be deployed in a 
way that complements the work done by humans. 
Production and logistics can thus be automated step by 
step. This approach also lowers the barriers to entry for 
customers, allowing automation to be implemented in 
gradual stages instead of all at once. Low capital expen
diture costs combined with the prospect of lower labor 
and process costs are at the core of this business model.

The need for tailor-made production is bringing forth 
business models that are based on intelligent product 
communication.39 Providers of product information 
management systems such as Perfion simplify com
munication between humans, products and machines 
by enabling the central, media-neutral visualization 
of data across multiple IT systems throughout the 
enterprise. Every machine and every worker thus has 
the specific product information they need available 
in an up-to-date form at any time. As a result, just-in-
time production can be controlled with tremendous 
precision. Services such as real-time-based analysis via 
cloud networks are a pivotal aspect of these business 

37 See voxeljet AG (2015). 
38 See Magazino GmbH (2017). 
39 See CPC Strategy (2015).
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models, enabling research, purchasing, production and 
sales-related data to be used on multiple levels.

Other business models harness augmented reality to 
simplify communication between humans and ma
chines. Start-ups such as Itizzimo40 provide solutions 
for the digitalization of production processes, with hu

-

-

man-machine interaction playing a key role. Examples 
include augmented reality devices and wearables such 
as ProGlove, a smart glove fitted with an RFID scanner, 
motion sensor and both haptic and visual feedback. 
The glove helps employees to use the right tools to 
complete the right work steps on the right products.41

 

 
 

Urban connected mobility

Germany’s transportation sector accounts for just 
under a third of the country’s total primary energy 
consumption and 17.7 percent of its greenhouse gas 
emissions.42, 43 Nearly two thirds of traffic-related CO2 
emissions are attributable to private transportation.44 
These ratios single transportation out as a major target 
for energy-efficient technologies. Shortening the 
distances traveled by applying smart mobility ma
nagement and reducing traffic congestion times are 
promising ways to lower energy consumption and cut 
the resultant emissions of air pollutants and green
house gases. At the same time, more must be done to 
incorporate alternative drive technologies in mobility 
concepts. While substantial amounts are set aside for 
investment in traditional infrastructure projects, the 
much-vaunted strategy of joining up transportation 
systems – which would make it easier to use different 
modes of transport – is still in its early days. Urban 
connected mobility is a digital system that passenger 
transportation (both the infrastructure and the vehic
les) in urban areas. Within this system, a host of players 
are busily developing innovative business models.

-

-

-

The digital system urban connected mobility is made 
up of lots of individual components, Private individu
als, companies and public institutions have access to 
various means of transportation, such as (shared or pri
vately owned) cars and public transportation services. 
Bookings for individual means of transportation can 
be made separately, with (mobile) Internet offerings 
supported in the majority of cases. Individual guidance 
is also provided in the form of parking guidance and 
navigation systems. Existing transportation infrastruc
ture elements (such as traffic lights) are equipped with 
sensors, while filling and charging stations permit cars 
powered by every conceivable drive technology to be 
used on a large scale.

-

-

-

Digitalization brings these hitherto separate elements 
together, with virtual traffic management forming the 
core component. This is where data from users, means 
of transportation, infrastructure and destinations 
comes together to be processed and passed on. The 
management core analyzes information about mobi
lity preferences and destinations and updates it in the 
system. Urban connected mobility can thus be built 
around the four keys to digital transformation.45

-

Digital customer access improves the use of multimo
dal mobility offerings. This is what makes it possible for 
private individuals, companies and public institutions 
to access innovative platforms. Ecofriendly forms of 
mobility such as bicycles, car sharing and local public 
transportation can serve as alternatives to motorized 
private transportation. Combining mobility offerings 
intelligently in this way not only creates efficient, 
multimodal ways for users to get around, but also helps 
reduce the volume of traffic on freeways, highways and, 
in particular, urban roads. If customers are to make 
use of environmentally friendly mobility offerings, 
however, those offerings – such as an attractive local 
passenger transportation system and cycle paths – 
must be there in the first place. If they are lacking, the 
danger is that the opposite effect will materialize: Local 
passenger transportation customers could, for example, 
switch to car sharing and thus exacerbate the burden 
on the environment. This realization highlights the fact 
that digitalization must be flanked by suitable condi
tions if environmental relief potential is to be tapped.

-

-

Digital data helps mapping and navigation services to 
adjust routes in response to the current traffic situa
tion. If factors such as changed orders for commercial 
transportation and real-time traffic conditions are 
taken into account, route guidance can be planned 
more efficiently.

-

40 See ITIZZIMO AG (2017).
41 See Workaround GmbH (2017). 
42 See Arbeitsgemeinschaft Energiebilanzen e.V. (2016). 
43 See Bundesministerium für Umwelt, Naturschutz, Bau und Reaktorsicherheit (2017b), page 37.
44 See Bundesministerium für Umwelt, Naturschutz, Bau und Reaktorsicherheit (2017c).
45 See Wolter, Stefan (2012). 
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-

Figure 79: Components and structure of the digital system “urban connected mobility”

Source: Roland Berger (2017)
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Figure 79: Components and structure of the digital system “urban connected mobility”

Rigorous use is made of interconnectivity to identify 
traffic situations. Large numbers of sensors and mobile 
devices as well as connected cars play a part in pain
ting an accurate picture of traffic volumes. The use of 
sensors and cameras in and around streets and roads is 
an important aspect of this approach.

As automation gains ground, driver assistance systems 
too are growing in significance. Parking assistants are 
one of the most important areas of application, as they 
will in future mean that less space is needed for car 

parking facilities. Assistance systems are constantly 
being improved and touch on one of the principal 
topics for the automotive industry: autonomous dri
ving. If systematic development of data, connectivity 
and automation continues and if use is made of these 
advances, self-driving vehicles should be on the roads 
as of 2020.46 This technology would open up all kinds 
of new potential mobility applications: individual 
transportation services, traffic flows optimized seam
lessly from end to end, precise congestion forecasts and 
accident avoidance, for example.

46 See Unattributed (2016).
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Companies involved in the digital system 
The many facets of this digital system are reflected in 
the large number of companies that operate on this 
market (see Figure 80). Solutions for parking manage
ment are marketed by firms such as Parkpocket and 
ParkTAG, while Cisco and HP play an active role in the 
field of digital data. Carzapp and Getaround focus on 
user access, whereas QNX and Delphi are advancing the 
automation of mobility. Similar to what we have seen 
with the other digital systems, urban connected mobi
lity is thus shaped by a singular diversity of specialized 
companies – a fact which explains the considerable 
number of players.

Figure 80: The digital system “urban connected mobility” – Segmentation and examples of companies

Source: Roland Berger (2017) 

-

-

As with the other digital systems, the varying back
grounds of the companies involved are again a striking 
feature. Sharing providers such as Scoo.me and Drivy 
are competing with transportation companies such 
as MyTaxi and Uber. Via the subsidiary companies 
DriveNow, car2go and Flinkster, automotive OEMs 
such as BMW and Daimler are now also committed to 

-

 
 

this segment, as are traditional mobility service  
providers like Deutsche Bahn. Additionally, auto
motive suppliers Continental and Bosch, sensor 
company Trilumina and telecoms firm Cisco all provide 
smart solutions for vehicle connectivity. In the race 
to interconnect individual components, industrial 
conglomerates of the caliber of Siemens line up against 
niche specialists such as Elektrobit. At the same time, 
card services such as Here and Atlatec are fighting 
Parkbob and other service providers to secure market 
share.

- 
 

 
 

Start-ups like Quizzit, Carjump and Plugsurfing assume 
a key role in the digital system urban connected mobi
lity. Cloud-based user connectivity, mobility offerings 
and infrastructure put them at the strategic nodes of 
digitalization, where they drive the development of di
gital business models. In the individual segments, this 
role positions them as the link tech-heavy firms and 
customers. It also lets them benefit from comparatively 
low investment and development costs.

-

-

Figure 80: The digital system “urban connected mobility” – Segmentation and examples of companies
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New business models 
Taking advantage of the heterogeneity that prevails in 
the digital system urban connected mobility, innovative 
companies are introducing disruptive business models 
and breaking up existing structures (see Figure 81). Car 
sharing, smart infrastructures, connected driving and 
multimodal mobility in particular create openings for 
new business models.

-

-

-

-

-

-
-

Figure 81: Examples of new business models that are driving digitalization in “urban connected mobility”

Source: Roland Berger (2017) 
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Figure 81: Examples of new business models that are driving digitalization in “urban connected mobility”

The shared mobility business model is made possible 
first and foremost by using mobile apps to establish 
basic digital connectivity between customers and shar
ing platforms. It is hoped that the concept of “sharing” 
vehicles will fundamentally reduce demand for owned 
cars. When a car is needed, it can be booked out of a car 
pool and made available for the required period. Car 
sharing providers such as car2go and DriveNow are 
subsidiaries of auto makers that are using their existing 
capacity in particular to stock these vehicle fleets. Start
up players like Drivy and Getaround seek to broker 
the availability of private vehicles: Customers can use 
vehicles owned by private individuals in the neigh
borhood who currently do not need them, freeing the 

provider from the need to purchase a car pool.
Smart infrastructure business models are facilitat
ed primarily by the opportunities that sensors and 
control systems create for digital connectivity. In the 
field of connected traffic management, Cisco is one of 
the IT service providers contributing its expertise in 
digital networks and computer-based analytics.47 The 
company sells solutions that work with secure con
nections between two vehicles and between vehicle 
and infrastructure. These solutions require the capture, 
processing and transmission of data about road signs, 
road conditions, the weather (where appropriate) and 
traffic. They make it easier for local governments to 
comply with statutory thresholds for urban emissions. 
Self-optimizing traffic light controls also reduce traffic 
congestion.

In connected driving, digitalization paves the way to 
new business models by creating mobile communica
tion systems. Software vendor QNX, for example, de
velops stable IT platforms with vast computing power 
for the automotive industry.48 These products are used 
to integrate information, assistance and multimedia 

47 See Verband der Automobilindustrie (2017). 
48 See QNX Software Systems Limited (2017). 
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systems and thus serve to weave vehicles more deeply 
into the fabric of the digital mobility environment.
The multimodal mobility business model, too, would 
not be conceivable without digital platforms. Integrat
ed cloud-based offerings provide an overview of the 
various mobility services that are available. Mobility 
start-up Qixxit is a pioneer in this field: Via a web 
platform, its users are presented with various options 
for getting to their chosen destination.49 The alterna
tives take account of modes of transportation such as 

-

-

private cars, car sharing, buses, trains, hired bicycles 
and even walking. Users also see how much each al
ternative would cost and how long it would take. Even 
after booking one of the options, the app accompanies 
them through their journey. This kind of integrated 
offering simplifies the decision process for consumers, 
makes switching to environmentally friendly mobility 
offerings more straightforward and is, for precisely this 
reason, important wherever a complex mix of trans
portation offerings exists.

-

-

 
 

 

Smart grids

In 2016, renewable energy accounted for 29 percent of 
gross electricity production – i.e. of all the electricity 
produced in the whole of Germany.50 The aim is for re
newable energy to cover 40 to 45 percent of Germany’s 
demand for electricity by 2025, with this figure rising to 
at least 80 percent by 2050. If these federal government 
targets are to be hit, the energy industry infrastruc
ture must be adapted accordingly. One of the biggest 
challenges is to hook up distributed power generation 
plants and – as well as expanding the available stor
age options – plugging them into the power grid. The 
stability of the transmission grid must be safeguarded 
by maintaining stable voltage and frequencies and 
avoiding overloads. To guarantee the stability of the 
grid – and thus ensure a reliable power supply – the 
power fed into the grid and the power drawn from it 
must be in equilibrium at all times. Since the grid itself 
cannot store energy, other mechanisms are needed 
to balance production and demand. That is done via 
the frequency of AC voltage, which must be kept at 
50 Hertz with only narrow tolerances. In light of this 
situation, managing the power grid is becoming an 
increasingly complex challenge that can be mastered 
only with the aid of digital technologies. Digitalization 
allows a growing information network to complement 
the power grid, creating the digital system referred to 
as a “smart grid”.

-

-

-

 

A large number of individual components and tech
nologies are already in active service in the smart grid 
digital system (see Figure 82). Conventional power 
plants and (centralized and distributed) producers of 
renewable energy feed power into the existing grid 
infrastructure. Transformers bring the voltage into line 
with the needs of industrial and private consumers. 
The required capacity is adjusted and the control power 
supply is tapped in response to demand. If the supply 
of energy occasionally exceeds demand, central energy 
stores such as pumped storage hydropower plants can 
absorb the surplus and discharge this energy again 
later on. Distributed, battery-based storage options (in 
electric cars, for example) and, in particular, hydrogen 
and “power-to-x” technologies are also available. 

-

Digitalization helps reinforce the systemic approach. 
The four keys to digital transformation open up com
pletely new ways to integrate renewable energy and 
other energy producers.51

-

Joining up nodes in smart grids as a digital system 
allows data to be gathered and individual players to 
be connected to these grids. Distributed “prosumers”52 
thus become part of the system, and the power they 
feed in can be distributed appropriately.

49 See QT Mobilitätsservice GmbH (2017). 
50 See Bundesministerium für Wirtschaft und Energie (2017a). 
51 See E.ON Energie Deutschland GmbH (2017). 
52 “Prosumer” is an artificial word that combines the terms “producer” and “consumer” – in this case in the context of power generation 

and power consumption.
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-

Figure 82: Components and structure of the digital system “smart grids”

 

Source: Roland Berger (2017) 
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Thanks to digital customer access, the various users of 
smart grids can keep track of their own consumption, 
compare it with that of others and make adjustments 
where necessary. Users can also access their own load 
and feed-in management system: When weather con
ditions or electricity prices are favorable, the settings 
can be adjusted accordingly. Energy performance and 
energy efficiency can be evaluated, too.

Analysis of the digital data generated by consumers, 
storage units and producers is one of several funda
mental prerequisites if a smart power grid is to work. 
Regular demand is calculated on the basis of this data, 
allowing decisions to be made about feed-in processes 

and load determination. Ultimately, the digital data 
is also used to set electricity prices for consumers and 
producers alike.

The automation of power management processes is 
especially useful in that it simplifies the integration of 
prosumers in smart grids. If defined parameters such 
as a given electricity price, level of demand and the 
prosumer’s own production surplus are reached, for 
example, then power is automatically fed into the grid. 
Conversely, suitable technology can also trigger the 
automatic delivery of control power or automatically 
add power from conventional producers.53

53 See Fraunhofer-Einrichtung für Systeme der Kommunikationstechnik ESK (eds.) (2011).

Figure 82: Components and structure of the digital system “smart grids”
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-

Companies involved in the digital system 
Numerous entities are keen to secure their share of the 
power generation and distribution value chain (see Fi
gure 83). Predominantly conventional power producers 
such as E.ON and RWE54 and producers of renewable 
energy such as Crestmill also operate on the market, 
as does smart meter provider Canary. Sunride and Lu
menaza develop connectivity products, while Nordex 
and Enercast specialize in applications for industrial 
consumers. The sheer variety of solutions that are 
needed to create a smart grid is the main reason why so 
many players are actively involved in this market.

-

-

-

-

-

-
-

Figure 83: The digital system “smart grids” – Segmentation and examples of companies

Source: Roland Berger (2017) 

The heterogeneous nature of all these products is also 
the reason why so many different industries come to
gether in this digital system. Players from other sectors 
are discovering potential in the power grid market 
and putting their specialized technological expertise 
to good use. Industrial giant Siemens develops its own 
variable local grid transformers. In so doing, it finds 
itself competing with SGB-SMIT, a special-purpose 
transformer company that manufactures large-scale 

transformers for applications with up to 800 Kilovolts, 
for example. As a complement to central power plants, 
incumbent energy companies such as E.ON and Vatten
fall are now also marketing a wide range of distributed 
plants, including biomass, cogeneration and photovol
taic installations, all of which are available as system 
solutions. In the process, they are increasingly moving 
into a niche hitherto occupied by specialists such as 
Lambion and Totem.

Start-ups are an important driver of smart grids, 
delivering the digitalization that this digital system 
needs. These players use Internet-enabled products 
and cloud-based applications to develop completely 
new services for the smart power grids of the future. By 
identifying and exploiting the many possible applica
tions for smart solutions, these companies are prepar
ing the way for the digital transformation. They are 
doing so by using their own products to dock existing 
products from technology and industrial companies 
onto existing structures.

54 RWE spun off its renewable energy, network and retail businesses in Germany and abroad to form a separate entity initially called RWE 
International SE. The subsidiary now operates under the name innogy SE and has been publicly traded since October 7, 2016. E.ON car
ved out its energy business, which focused on conventional power generation and electricity trading. Since September 12, 2016, shares 
in Uniper have been traded on the Frankfurt Stock Exchange. The “new” E.ON focuses on customer networks, customer solutions and 
renewable energy.

Figure 83: The digital system “smart grids” – Segmentation and examples of companies
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New business models 
Digitalizing the power grid opens the door to new 
business models for smart storage technologies and 
effective load management solutions (see Figure 84) 
developed by both incumbents and start-ups. These 
models are instrumental in building digital systems 
and accelerating their ongoing development.

Figure 84: Examples of new business models that are driving digitalization in “smart grids”

Source: Roland Berger (2017) 

Mechanical, electrical and industrial electrochemical 
energy stores create brand-new ways to balance loads 
and thus allow renewable energy to be hooked up to 
the grid. Thermodynamics company LightSail Ener
gy, for example, is developing storage solutions that 
combine air compression with simultaneous thermal 
storage. Younicos specializes in large-format batte
ry technology and is building battery storage power 
plants. These battery parks can be made ready for 
operation about 3,000 times faster than conventional 
power plants, so they can provide primary control 
power cost-effectively. This, too, simplifies the integra
tion of renewable energy in existing electricity grids.

-

-

 
-

The conditions needed for the electricity marke
ting business model are put in place as digitaliza
tion establishes smart networks across feeders and 
grids. Lumenaza’s business is built around a software 
platform that serves as a marketplace for electrici
ty producers and consumers.55 The technology uses 
algorithms to optimize the distributed power plants in 
a given region, striking a balance between the genera
tion and consumption of power. Storage systems play 
an important part in this solution, absorbing excess 
electricity when supply exceeds demand. Regions thus 
gain greater independence and have to buy less power 
on electricity exchanges. Lumenaza has also developed 
a control gateway that can manage local generation 
and consumption plants. The company is thus able to 
do everything a traditional power utility would do in 
the form of a service.

-
-

-

-

The decentralization of prosumers that is facilitated 
by digitalization prepares the ground for new business 
models for the use of virtual power plants. Small and 
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55 See Lumenaza GmbH (2017).

Figure 84: Examples of new business models that are driving digitalization in “smart grids”
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medium-sized distributed power producers such as 
wind farms, solar farms, hydroelectric power plants 
and biogas installations together constitute a single 
virtual power plant. Firms such as Next-Kraftwerke 
take advantage of the fact that electricity is not always 
traded at the same price.56 Thousands of members of a 
virtual power plant benefit from this circumstance by 
producing and consuming electricity at times when 
it makes sense for the whole system. Network effects 
generate the critical mass needed to operate on the 
various electricity markets.

As a digital system, smart grids also need effective 
network management to oversee the complex interplay 

between their different components. Above all, the 
need to integrate energy transition technologies (heat 
pumps and e-mobility etc.) in the system is placing 
new demands on urban power grids. To rise to this 
challenge, companies have implemented an array of 
solution strategies in different business models. Kisters 
harnesses its software engineering expertise to roll out 
solutions that help optimize the generation, distribu
tion and use of energy. Other firms, such as Kiwigrid, 
adopt a holistic approach and provide both software 
and hardware for smart grid management as a flexible, 
open and adaptable gateway to the energy cloud.57 That 
in turn facilitates alignment between the individual 
grid components.

-

56 See Next Kraftwerke GmbH (2017).
57 See ZAE Bayern (2017).  
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Effects and potential of digitalization in the green tech industry

The economic potential of digitalization

Environmental technology and resource efficiency 
are already a fast-growing market. Digitalization can 
further accelerate expansion in this sector: The syner
gies and system effects arising from the expansion of 
digital systems will probably lead to stronger demand 
for environmental technology and resource efficiency 
products, methods and services.

-

Current calculations forecast that digitalization will 
add more than 20 billion euros to Germany’s green 
tech industry in 2025 – three percent of the total market 
volume forecast for the same year. The individual lead 
markets will, however, make varied contributions to 
this potential (see Figure 85). Digitalization will add the 
least growth in the lead markets for sustainable water 
management and material efficiency.

Energy efficiency, the biggest of the six lead mar
kets, should see the strongest impact on its absolute 
volume, with digitalization adding 7.2 billion euros in 
2025. Digitalization also harbors substantial growth 
potential of 4.2 billion euros in the lead market for 
environmentally friendly power generation, storage 
and distribution. The lead market for sustainable water 
management is predicted to reap the smallest volume 
increase of only 0.8 billion euros from digitalization in 
2025, a figure that also equates to the smallest pro
portional market growth of just 1.9 percent. The focal 
point of this lead market is on infrastructure whose 
long service life means it will only be penetrated slow
ly by digital developments.

-

-

-

The sections that follow draw on technology lines and 
the keys to digitalization to analyze and explain the 
drivers in the individual lead markets.

Methodology: Calculating the economic and ecological effects

This section discusses the extra market volume that 
digitalization is expected to add to the market for 
environmental technology and resource efficiency. 
This volume was calculated using Roland Berger’s 
market model, which takes the various technology 
lines (products, processes and services) as its starting 
point. From the bottom up, the technology lines are 
aggregated to calculate the size of the market seg
ments and lead markets (see page 47).

-

The five digital ecosystems outlined below cover the 
lion’s share of those aspects of the overall market 

for environmental technology and resource efficien
cy that are affected by digitalization. Economic and 
ecological analyses of the digital ecosystems can 
therefore be taken as the basis for calculation and – 
after being broken down to the market segment level 
– extrapolated for the market as a whole.

-

All calculations are based on assumptions rooted in 
the current legal framework, technology that is avail
able today, existing players, emerging business models 
and the historic dynamics of innovation.

-
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Figure 85: Volume that digitalization can add to the lead markets for environmental technology and resource efficiency in 
Germany in 2025 (billion euros) 

Source: Roland Berger (2017)

The lead market for environmentally friendly power 
generation, storage and distribution
Between 2016 and 2025, the lead market for environ
mentally friendly power generation, storage and distri
bution will grow from 79 billion euros to a total volume 
of 135 billion euros. That works out at total market 
growth of 56 billion euros, or an average increase of 6.2 
percent every year for the next nine years. If the effects 
of digitalization are factored in, an extra 3 percent 
should be added to growth in this lead market in 2025, 
bringing the overall lead market volume to 139 billion 
euros (including stimulus from digitalization).

-
- 

Rising volumes in the technology lines renewable ener
gy, electrochemical storage and control instrumenta
tion for grids will be responsible for the market volume 
added by digitalization. One main driver of growth is 
connectivity between plants that store and generate 
energy, which will make distributed solutions more 
attractive in economic terms.

-
-

Renewable energy sources play an essential role in power 
generation. Digitalization will add 1.7 billion euros to 
the market volume in the renewable energy segment 
in 2025. Photovoltaic installations and wind turbines 
will play an especially important part, as connectivity is 
allowing them to be operated in ever more distributed 
and efficient configurations. In storage technologies – a 
segment where digitalization will increase the market 
volume by 1.5 billion euros (9 percent) – electrochemical 
storage systems are the way forward. These systems are 
deployed in conjunction with distributed renewable 
energy, and analysis of consumption and generation (or 
charge and discharge) data is making them ever more 
important as a component of smart grids. The latter are 
closely interconnected with the control technologies 
for grids and the metering/consumption measurement 
systems technology lines. As such, they also constitute 
a physical link between smart grids and both internal 
and external networks. The 1.3 billion euros (16 percent) 
added to the market volume by digitalization brings 
the total market volume to 10 billion euros for the 
efficient grids market segment in 2025.

 

Figure 85: Volume that digitalization can add to the lead markets for environmental technology and resource efficiency in 
Germany in 2025 (billion euros) 
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The lead market for energy efficiency
Digitalization can cause the lead market for energy 
efficiency to grow by a further 4 percent in 2025. The 
extra 7 billion euros added by digitalization would come 
on top of a volume of 182 billion euros in 2025. The lead 
market for energy efficiency will thus see the strongest 
digitalization-driven growth in absolute terms. The 
market segments for energy-efficient production pro
cesses and cross-sector components in particular will 
see more growth on the back of digitalization. Thanks 
to the ability to recognize consumption patterns and 
interconnect key production components, digital 
data can tap into vast reserves of efficiency potential 
– reserves that can in turn be optimally exploited by 
digitalized environmental technology and resource 
efficiency systems.

 

-

Of all the market segments, energy-efficient produc
tion processes will experience the strongest relative 
growth. Digitalization can boost this segment’s market 
volume by 0.6 billion euros (19 percent) to 3.5 billion 
euros. One driver will be increasing industrial automation 
due to digitalization. The same driver will also affect 
the market segment for cross-sector components, 
which includes technology lines such as electric drive 
systems in production plants. In 2025, digitalization 
will increase this, the largest market segment in volume 
terms, from 100 billion euros to 105 million euros.

-

The market segments for energy-efficient buildings 
and appliances will likewise be affected by the keys to 
digital transformation. Both will see a 3 percent in
crease in market volume in 2025 (1.3 billion euros and 
0.9 billion euros respectively) as a result of digitalization.

- 

The lead market for material efficiency
Between 2016 and 2025, the lead market for material 
efficiency will grow by 92 billion euros to a total of 
155 billion euros, equivalent to average annual market 
growth of 10.5 percent. If the additional potential af
forded by digitalization is taken into account, an extra 
1.9 percent will be added to this figure in 2025, raising 
the total volume for this lead market from 155 billion 
euros to 157 billion euros. Alongside the automation 
of production processes, another factor here will be 
digital planning, which will promote the use of new, 
environmentally friendly materials and improve mate
rial efficiency.

-

-

A glance at the individual market segments shows that 
digitalization will raise the market volume for material-
efficient processes from 18.6 billion euros to 20 billion 
euros in 2025. This segment centers around optimizing 
all production processes for plastic products, metal 

products and other materials. The technology line for 
processes in the building industry (structural enginee
ring and building completion) is another mainstay of 
the segment. This market can grow by 0.8 billion euros 
(32 percent) due to the impact of digitalization. More
over, it also enables more renewable resources to be 
used in construction and production. Digitalization is 
expected to add 0.4 billion euros (9 percent) to the total 
volume in the market segment for renewable resour
ces, primarily because of growth in the high-potential 
technology lines for paints and lacquers from renew
able resources and natural insulating materials. Thanks 
to digitalization, the volumes for these two lines will 
increase by 20 percent and 11 percent respectively by 
2025.

-

-

-

-

The lead market for sustainable mobility
Between 2016 and 2025, the lead market for sustainable 
mobility will grow by 83 billion euros to a total of 
157 billion euros. Annual market growth will average 
8.8 percent over the whole of this period. Factoring in 
the effects of digitalization would add 2.1 percent to 
the volume for this lead market, raising the total from 
157 billion euros to 160 billion euros in 2025.

 
 

 

This extra volume is essentially attributable to changes 
in individual motorized transportation and the resul
tant investments in infrastructure. The impact will be 
strongest in the market segment for alternative drive 
technologies and in transportation infrastructure and 
traffic management. One driver of digitalization is easier 
customer access, which, above all, will translate into 
the individuality and simplicity of new and combined 
modes of transportation.

-

Digitalization will swell the market segment for alterna
tive drive technologies by 1.5 billion euros (5 percent) to 
34 billion euros in 2025. This development will increa
singly be fueled by the use of electric drive systems, but 
also by forceful growth in the technology line for car 
sharing, where digitalization is expected to boost the 
market volume by 65 percent in 2025. The key drivers 
here are connectivity and digital customer access. 
Environmentally friendly alternative drive technologies 
can, for example, be deployed more easily in car sharing 
contexts as users/customers incur no heavy and acute 
investment costs. Even in private transportation, there 
is a growing willingness to turn to new drive technolo
gies.

-

-

-

In the market segment for transportation infrastructure 
and traffic control, digitalization will add 1.6 billion euros 
(4 percent) to the market volume. Digitalization will 
thus be instrumental in driving expansion of the tech-
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nology lines for cycle paths, public transport and filling 
station infrastructure for alternative drive systems.

The lead market for waste management and recycling
In volume terms, the lead market for waste manage
ment and recycling accounts for a comparatively small 
share of the overall green tech industry and is projected 
to reach 32 billion euros in 2025. Annual market growth 
will be 5.7 percent in the period from 2016 through 
2025. The effects of digitalization should increase 
the volume of this lead market by 1.8 billion euros 
(5.6 percent) in 2025.

-

 
 

Digitalization is boosting this lead market by joining 
up the individual steps in recycling and making use of 
data. This is having a particularly profound impact on 
the market segments for material recovery and waste 
collection, transportation and separation.

The 6.9 billion euros volume of the market segment for 
material recovery in 2025 can be increased by 0.8 billion 
euros (11 percent) by the additional effects of digitali
zation. This considerable gain in percentage terms can 
be attributed to the way in which digitalization raises 
recycling rates. Material recovery is expanding signifi
cantly, and the shift in the breakdown of feedstock and 
mechanical recycling is benefiting the environment. 
For example, the greater use of reusable prefabricat
ed elements in construction and the increasing use 
of electronic components are both contributing to a 
larger market volume as a result of digitalization. The 
driver is the use of digital data to label products and 
buildings (or building parts), as the precise identifica
tion of the substances used in products and materials 
promotes efficiency in waste management and recy
cling. Digitalization will also influence the volume of 
the market segment for waste collection, transporta
tion and separation, adding 1 billion euros (5 percent) 
to the 20.9 billion euros figure projected for 2015. 
Especially in waste separation, automation is expected 
to lead to substantial market growth.

-

-

-

-

-

-
 

 

The lead market for sustainable water management
Between 2016 and 2025, this lead market is set to grow 
by 50 billion euros to a total volume of 78 billion euros, 
which works out at annual growth of 10 percent across 
the whole of this period. If the effects of digitalization 
are included, an extra 0.8 billion euros (1.1 percent) can 
be added to this figure in 2025.

The pivotal issues in the lead market for sustainable 
water management are digital data and the advance 
of automation, which are sustainably improving the 
efficiency of both water usage and water production 
and treatment.

The small scale of the percentage increase in market 
volume is a clear indication that digitalization has little 
influence on the trend in sales in this lead market. Wa
ter pipes in particular have a service life spanning seve
ral decades. Digital sensors are seldom used, and struc
tural alterations to optimize the networks that supply 
drinking and process water tend to be the exception. 
In most industries, cooling and process water cycles 
have already been optimized to a considerable extent 
in the past. This explains why the strongest growth is in 
the market segment for efficiency gains in water usage. 
Since Germany also does not have large-scale irriga
tion systems in agriculture, digitalization will drive a 4 
percent increase in the market volume in this segment, 
from 12.7 billion euros to 13.2 billion euros. Given the 
global situation with regard to the supply of drinking 
water and agricultural irrigation, however, this market 
is believed to harbor huge potential for exports. Spend
ing on geodata and weather data analytics with a view 
to water efficiency technologies and climate-adapted 
infrastructure (flood protection) definitely looks like a 
worthwhile investment.

-
-

-

-

-

Ecological potential of digitalization
Environmental technology and resource efficiency 
inherently contain significant potential to ease the bur
den on the environment and protect environmental 
goods. Economic growth in this industry therefore also 
leads to positive ecological effects, including both the 
potential and actual environmental relief achieved by 
using a product, process or service. Digitalization will 
amplify these ecological effects.

-

This section examines the effects on the climate re
alized by saving energy and material on the basis of the 
equivalent carbon dioxide (CO2e) saved.58 CO2e includes 
emissions of all gases of relevance to the environment, 
taking due account of their respective warming poten
tial. Calculation of the CO2e emissions resulting from 
the generation of electricity, for example, also makes 
provision for upstream and downstream process chains 
(the construction and operation of power plants, the 

-

-

58 CO2 equivalents are the parameter used to measure a substance’s global warming potential, or GWP. The GWP is the impact of a certain 
quantity of greenhouse gas on the global warming effect. It describes the mean warming effect over a defined period. The global war
ming potential of each greenhouse gas is expressed in terms of carbon dioxide (CO2).

-
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production, treatment and transportation of fuel etc.). 
Digitalization is having an impact on climate action, 
but also on other environmental goods such as 
air, water, soil, biodiversity, countryside and noise. 
Examples are presented in our discussion of the 
individual lead markets.

 
 

 

The scope of environmental relief potential in the envi
ronmental technology and resource efficiency industry 
and its individual lead markets varies – as does the pace 
of development – even in conventional development 
forecasts (i.e. those that do not yet include the added 
effects of digitalization). In the course of the green 
transformation and in the green economy, non-digital 
solutions tool help ease the burden on the environ
ment. Environmental relief potential is expected to 
grow in the lead markets for environmentally power 
generation, storage and distribution, sustainable mobi
lity, waste management and recycling, and sustainable 
water management in the years from 2015 through 
2025. By contrast, environmental relief potential in the 

-

-

-

lead markets for energy efficiency and material 
efficiency (excluding digitalization) is expected to 
decrease in the same period – sharply, in some cases.

 
 

Only with digitalization can further environmental 
relief potential be actively tapped across all the lead 
markets. Why? Because digitalization enhances the 
relief potential that is already forecast without digitali
zation. In the six lead markets, digitalization is expected 
to generate extra environmental relief potential of 50 
million tonnes of CO2e in 2025. That equates to a 5 per
cent reduction in total German CO2e emissions relative 
to 2014 due to the effects of digitalization alone.

-

-

 

 
 

 

Figure 86: Additional CO2e savings (in millions of tonnes) through digitalization in the individual lead markets in Germany 
in 2025

59 See Umweltbundesamt (2017e).

Source: Roland Berger (2017)
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Figure 86: Additional CO2e savings (in millions of tonnes) through digitalization in the individual lead markets in Germany 
in 2025

Digitalization will make the biggest contribution to 
extra environmental relief – 17 million tonnes of 
CO2e in 2025 – in the lead market for environmentally 
friendly power generation, storage and distribution. 
Significant additional relief will also be generated 
in the lead market for energy efficiency, where 
11 million tonnes of CO2e will be saved. The lead 
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markets for material efficiency and sustainable 
mobility are each expected to see extra environmental 
relief potential of around 6 million tonnes of CO2e due 
to digitalization. In the lead market for waste manage
ment and recycling, the corresponding figure will be 
9 million tonnes of CO2e. Less pronounced additional 
relief potential of 1 million tonnes of CO2e will be 
realized in the market for sustainable water manage
ment.

 

-

 
-

There are three ways to save CO2e: Taking energy 
and material consumption as the point of departure, 
processes, services and products can either be avoided, 
substituted or made more effective. Avoidance has 
the biggest impact on environmental relief potential. 
Since most resources and materials are not extracted 
or produced in Germany, the resultant environmental 
relief potential materializes primarily on a global level. 
Substitution has a less marked effect: If conventional 
building materials are replaced by renewable building 
materials, there is no reduction in material consump
tion, but the products used are more ecofriendly, which 
has a positive impact on environmental relief potential. 
The least effect in terms of increasing environmen
tal relief potential is realized by improving process 
efficiency: Since there is no fundamental change to the 
processes involved, most still retain a minimum level 
of emissions. There is also the danger that the overall 
carbon footprint may be adversely affected if devices 
are replaced by more efficient successor models. The 
production of even these efficient devices itself creates 
emissions, which must in turn be factored into the big 
ecological picture. One example is when old air-condi
tioning systems are replaced by new ones.

-

-

-

The sections that follow analyze and evaluate the 
environmental relief potential in the individual lead 
markets.

The lead market for environmentally friendly power 
generation, storage and distribution
In the lead market for environmentally friendly power 
generation, storage and distribution, the effects of di
gitalization will create additional environmental relief 
potential of 17 million tonnes of CO2e in 2025. Overall, 
the potential of digitalization to enhance environmen
tal relief is thus rated very highly in this lead market.

-

-

Digitalization makes renewable energy more cost-
effective by joining up the generation, storage and 
distribution of (mostly electric) power. Distributed 
power generation can develop its full potential when 
it is plugged into smart grids, all of which makes it a 
more attractive proposition for expansion. This in turn 
reduces fossil-fuel-based power generation, prompting 

a sizeable decline in CO2e emissions. Given that a large 
volume of power that can be generated in this way, 
the corresponding environmental relief potential is 
considerable. And since low-carbon nuclear energy is 
to be discontinued by 2022, a power generation gap will 
emerge that must be filled by renewable energy.

Above and beyond climate change mitigation, other 
environmental goods too will benefit from the relief 
provided by digitalization in this lead market. Smart 
power grids can reduce demand for high-voltage 
power lines whose construction regularly damages 
the environment and sparks off public protests. 
Distributed connectivity on the basis of smart micro
grids in the distribution grids and the intelligently 
fragmented storage of energy will ease the load on the 
transmission networks that digitalization has already 
optimized to a great extent. Woodlands and country
side will be preserved as a result.

 
 

 
-

-

The lead market for energy efficiency
In the lead market for energy efficiency, digitalization 
is needed to tap fresh potential and breathe new life 
into conventional energy productivity, which has been 
stagnating since 2006. The effects of digitalization will 
generate additional environmental relief potential of 
around 11 million tonnes of CO2e in 2025. Here again, 
the overall additional relief potential afforded by 
digitalization in this lead market is rated highly.

 

Digital connectivity across devices and components 
enables inefficient stand-alone solutions – in air-con
ditioning systems, for instance – to be avoided. Instead, 
efficient energy consumption management systems can 
be introduced in industrial, commercial and household 
contexts. Energy-efficient production processes bring 
relief in connected production plants, too, as digitali
zation generally lessens demand for energy. As a result, 
both the emissions generated by burning fossil fuels 
and the impact of their extraction on countryside and 
waterways can be attenuated. Unlike in the lead market 
for environmentally friendly power generation, storage 
and distribution, however, that does not necessarily 
lead to shifts in the share of gross electricity production 
accounted for by the different energy sources.

-

-

The lead market for material efficiency
In the lead market for material efficiency, the effects of 
digitalization could create additional environmental 
relief potential of around 6 million tonnes of CO2e in 
2025. On the whole, the extra relief potential afforded 
by digitalization is thus regarded as moderate in this 
lead market.
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Digitalization affects this lead market in two ways: 
through greater transparency and through new pro
duction processes. On the one hand, the use of digital 
data allows information to be utilized more readily, 
making it easier to track and optimize material inputs 
in the production process, for example. On the other 
hand, material efficiency can be increased significantly 
by means of new products and production processes – 
one example being adaptive manufacturing.

-

By no means least, the efficient use of resources is 
also gaining in importance in ICT products. Resources 
are finite, and valuable minerals are extracted un
der difficult environmental and working conditions. 
By making product information more transparent, 
digitalization is increasingly fostering an awareness 
of environmental issues among the wider population. 
Construction materials are now being selected with a 
view to better indoor climatic conditions and greater 
well-being for users. Natural, renewable resources 
are being used, and it is becoming possible to reduce 
traditional materials. Automated production facilities 
and end-to-end simulation mean that material-saving 
processes are only now beginning to realize their full 
digital potential. Additive manufacturing is an example 
of this kind of digitally controlled process: It is replac
ing solid structures with finer, optimized structures 
that are inspired by nature and thus save on materials.

-

-

The lead market for sustainable mobility
In 2025, digitalization should generate additional 
environmental relief potential of 6 million tonnes of 
CO2e – regarded as a moderate gain overall – in the lead 
market for sustainable mobility.

Digitalization’s impact on environmental relief po
tential in this lead market stems primarily from the 
fact that traveling fewer kilometers leads to lower CO2 
emissions. Convenient digital tools make offerings 
such as car sharing more attractive to users and thus 
promote the wider use of environmentally friendly 
drive systems. They also add to the attraction and con
venience of local and long-distance public transporta
tion, boosting passenger figures and thereby curbing 
individual motorized traffic volumes. At the same time, 
digitalization and digital devices are increasingly un
dermining the automobile’s role as a status symbol in 
Germany. More and more users now see cars as a com
modity: It is merely one of many options to get around. 
A smart infrastructure stakes out the framework for 
this development. Optimized route planning and traffic 
flow analysis not only saves time, but also reduces 
carbon emissions by shortening the distances traveled 

-

-
-

-

-

and the duration of traffic congestion. On top of this 
potential to protect the climate, relief is also provided 
for the environmental goods noise, countryside and the 
air. People benefit directly from this relief (unlike in the 
case of lower CO2 emissions, whose impact is felt only 
indirectly and after a time lag).

The lead market for waste management and recycling
The effects of digitalization will add environmental 
relief potential totaling 9 million tonnes of CO2e to the 
lead market for waste management and recycling in 
2025. The relief potential effected by digitalization is 
thus expected to be moderate.

The principal digital drivers of environmental relief 
potential in the lead market for waste management 
and recycling are automation and data analytics, both 
of which lead to less waste and more mechanical recy
cling. The recycling rate can be increased considerably 
in all areas of consumption and production, as digital 
planning and labeling support reuse. Digitalization 
creates all kinds of opportunities to develop closed 
product cycles. Further reducing the mining of raw 
materials protects the countryside, but also lowers the 
CO2 emissions given off during resource extraction. 
Shared economy and cradle-to-cradle approaches are 
prompting the rethinking of waste management and 
recycling as a whole. Even landfills are being tapped 
as a source of materials. Automating waste separation 
raises efficiency and, above all, the intrinsic value of re
covery. This is one possible way to replace pre-crushing 
with smart, selective processes.

-

-

The lead market for sustainable water management
In the lead market for sustainable water management, 
the effects of digitalization can yield additional envi
ronmental relief potential of 1 million tonnes of CO2e 
in 2025. Overall, the potential of digitalization to create 
added relief potential in this lead market is seen as low.

-

In sustainable water management, the ecological 
potential of digitalization is rooted mainly in smart 
sensors and process optimization. By connecting 
irrigation systems to weather and climate data, water 
can be used more efficiently in agriculture. Unlike other 
countries where farming is more widespread, though, 
industrial production accounts for the bulk of water 
use in Germany – and thus also harbors the greatest 
potential to protect water as an environmental good 
and maintain the purity of the country’s waterways. 
Here, digitalization lays the foundation for smart water 
management that interlinks systems, components and 
software to generate data about the water cycle. This 
data can then be used to raise the level of automa-

GreenTech made in Germany 2018



162 GreenTech made in Germany 2018

tion, shorten response times and process information 
in real time. Losses through the pipeline system can 
be checked very precisely and the findings relayed to 
water feeds. Wastewater cleaning and treatment can 
be intelligently integrated in the water cycle to lower 
demand for fresh water. The overall effect is not only 
to protect water as an environmental good, but also to 
help preserve biodiversity in water. At the same time, 
smart water management systems can reduce energy 
consumption, as intelligent controls scale back demand 
for water treatment. Examples of digitalization in this 
lead market include zero liquid discharge and hydraulic 
plant simulation. 



163GreenTech made in Germany 2018 



164 GreenTech made in Germany 2018

7

-

-

 

 Transformation 
processes in green tech 
and in traditional 
industries

7

The digital transformation is facilitating 
ecological modernization 
Green tech players’ products, processes and services play a 
crucial role in mastering ecological challenges. As a cross-
sector industry, environmental technology and resource 
efficiency also promotes the green transformation in other 
branches of industry. Integrated approaches and system 
solutions in particular look highly promising, with digitali
zation playing a pivotal role in both. Digitalization creates 
opportunities to develop and improve products, processes 
and business models – provided green tech companies 
stand up to the challenges presented by digital transforma
tion.
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The term “green economy” denotes an innovative eco
nomy that limits ecological risks and seizes economic 
opportunities. The process of developing from the sta
tus quo to a green economy is referred to as the “green 
transformation”. Transformation literally means to 
change the shape or form of something. In other words, 
it refers to profound structural alterations rather than 
superficial adjustments. The concept of transformation 
can be mapped onto the corporate level, too. Compa
nies play a central role in moving us toward the goal of 
a low-carbon, resource-efficient green economy. And in 
order to do so, they themselves must set out along the 
path toward transformation. In this context, trans

formation means consciously deciding to bring about 
focused and fundamental change. That must begin in 
the key dimensions of corporate activity: management 
and employee behavior, structures and processes, and 
positioning on the market.

This chapter explores different aspects of the trans
formation. It begins by exploring the transformation 
process that digitalization is forcing on green tech 
companies. Drawing on case studies, it then examines 
how companies in traditional industries are mastering 
the challenge of the green transformation.

At a glance

For many green tech players, the digital transforma
tion is still in its very early days. Companies in the 
environmental technology and resource efficiency 
industry must face up to five main challenges: secur
ing access to customers; becoming more flexible and 
agile; developing digital skills and making better use 
of new forms of collaboration; adjusting their finan
ces; and developing a digital enterprise model.

-

-

-

In its capacity as a cross-sector industry, environ
mental technology and resource efficiency promotes 
the green transformation in other branches of 
industry too, injecting powerful stimulus for the 
ecological modernization of the economy. Since 
2007, green tech has increasingly raised its share of 
Germany’s gross domestic product (GDP), of which it 
is expected to account for 19 percent by 2025.

-

 

Digitalization can support and accelerate the green 
transformation by putting in place the technical 
conditions required for many steps to protect the 
environment and mitigate climate change. By estab
lishing data networks, smart system solutions can re
alize far greater energy savings than non-automated 
processes. At the same time, digitalization facilitates 
the economies of scale that can make sustainable 
products and services cost-effective and pave the 
way to their wider use. Digitalization also enables 
information to be bundled and visualized in clear, 
intuitive forms. All these insights can be harnessed to 
further the development of ecofriendly technologies 
and services.

-
-

-

-

-

-

-

The digital transformation of the green tech industry

For German companies in the environmental techno
logy and resource efficiency industry, digitalization is 
opening up many and varied opportunities to improve 
their competitive position by injecting innovation into 
their products and internal processes. Conversely, com
panies that ignore the megatrend toward digitalization 
run the risk of seeing digital-savvy rivals steal their 
market share. There will be winners and losers from 
the digital transformation – which is why businesses 
must tackle it proactively. A first step is to determine 

-

-

one’s level of “digital readiness”: To what extent is the 
company ready for the digital transformation?

The point of departure for companies in the green tech 
lead markets is determined on the basis of four criteria: 
start-up activity, the use of digital technologies, the 
existence of digital systems and the pace of innovation. 
Based on a qualitative assessment of these four criteria, 
the degree of digital readiness in each lead market was 
calculated on a scale from 0 to 100 percent (see Figure 87).

At a glance
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-

-

-

-

-

-

Figure 87: Digital readiness in the six lead markets for environmental technology and resource efficiency in Germany; 
assessment criteria used

 

Source: German Patent and Trademark Office, company websites, Borderstep Green Economy start-up monitor, 
Roland Berger (2017) 

 

Figure 87: Digital readiness in the six lead markets for environmental technology and resource efficiency in Germany; 
assessment criteria used

Of all the green tech lead markets, energy efficiency 
leads in terms of digital readiness with the highest 
score of 80 percent. A large number of start-ups and a 
broad spectrum of innovative digital efficiency services 
are the main reason for this lead market’s strong digital 
starting position. Another factor is the substantial avail
ability of digital systems even now, which suggests that 
the technological environment is already well devel
oped. Innovative technologies and new business 
models can thus be applied more quickly on the market.

Another good overall digital readiness score – of 70 
percent – is recorded by companies in the lead market 
for environmentally friendly power generation, storage 
and distribution. Digital solutions from numerous 
start-ups relating to the control and integration of re
newable energy and storage technologies show that, in 
some market segments, digital technologies are already 
in use today and are successfully placed on the market.
In contrast, the digital point of departure in the lead 
market for waste management and recycling is much 
weaker, with a digital readiness score of 30 percent. 

Only a few companies in the waste management in
dustry are already using digital technology or currently 
conducting pilot projects – in dynamic waste collection 
and the digital labeling of consumer goods, for examp
le. That in turn inhibits the speed of innovation and, 
hence, the number of applications for patents in this 
field.

In the lead market for material efficiency, the digi
tal transformation is still in its early days. An overall 
digital readiness score of 25 percent makes this point 
abundantly clear. Given the complexity of the issues 
involved and the long-term nature of development 
processes in what is mostly a context of industrial 
production, start-up activity is still very rare. Nor is 
much happening in terms of innovation in the area of 
digital services – witness the small number of patent 
applications relating to digital innovations in this lead 
market. Even in the context of Industry 4.0, the topic of 
material efficiency is only slowly being recognized as a 
relevant issue.
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Companies’ own assessment 
of digitalization

Discrepancies between self-perception and how others 
see things are nothing unusual. When the companies 
were surveyed, one important aspect was therefore 
how green tech players themselves rate digitalization. 
One question looked at how digitalization influences 
different links in the value chain. Essentially, com
panies expect digitalization to give them a sharper 
competitive edge, a better knowledge of markets and 
customers, and new possibilities for service and co
operation. Especially in relation to the development of 

energy-efficient products, processes and services that 
use less natural resources, the respondent companies 
did not see much of an influence from digitalization 
(see Figure 88).

Figure 88: Influence of digitalization on individual links in the value chain (percentage of mentions)

 

-

-

 

 
 
 

Source: Company survey (941 responses), Roland Berger (2017)
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The green tech players were questioned about how 
they rate the challenges of digitalization. Specifically, 
they were asked to cite the extent to which they agreed 
with the proposed statements (see Figure 89). Most 
respondent companies clearly see data security and 
the growing pressure to innovate as their biggest 
challenges. The majority of firms do not perceive 
digitalization as a threat to their own business model.

Figure 88: Influence of digitalization on individual links in the value chain (percentage of mentions)
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Figure 89: Impact of digitalization from the perspective of green tech companies (percentage of mentions)

Source: Company survey (888 responses), Roland Berger (2017) 

The five challenges posed by the digital 
transformation

For many environmental technology and resource 
efficiency companies, the digital transformation is in 
its very early days. To seize the opportunities that are 
opening up and avoid being shunted into an analogue 
dead end, players in Germany’s green tech industry 
must face up to five main challenges (see Figure 90).

Germany’s small and medium-sized enterprises (SMEs) 
are already familiar with some of these concerns. The 
shortage of suitably qualified specialists, the need to 
fund growth strategies and a clear strategic orientation 
are challenges that all pre-date digitalization. That said, 
the digital transformation has increased the pressure of 
time: Players in Germany’s green tech industry, many 
of whom are medium-sized firms, must rise to these 
challenges quickly if they want to end up among the 
digital winners.

Challenge #1: Securing access to customers
The digital transformation is changing sales channels. 
Traditional retail is losing its clout even as online sales 
continually gain in importance. Platforms – including 
comparison and rating portals, sharing platforms, app 
stores and online marketplaces – have established 
themselves as a core element of the digital econo
my. These platforms give companies direct access to 
customers, which is a tremendous opportunity for the 
providers of products and services: Dialogue with users 
cements customer loyalty and generates useful infor
mation on how to improve the seller’s portfolio.

-

-

Yet platforms also create the risk that intermediaries 
may occupy the interface between producer and con
sumer. By consequence, platform operators can then 
dictate their own rules of the (selling) game to the pro
viders of products and services. Since platforms add to 
supply-side transparency, this often narrows providers’ 
margins and intensifies price wars.

-

-

Established players should seek to counteract these 
tendencies by launching their own sales platforms and 
selectively integrating value-added partners. In doing 
so, they add value for their customers – for example 
by marketing system solutions. In such constellations, 

Figure 89: Impact of digitalization from the perspective of green tech companies (percentage of mentions)
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manufacturers, installation technicians and opera
tors from different companies work together and 
place a point of single contact or a single platform at 
the customer’s disposal. Customers can still buy all 
products straight from the manufacturer, but it be
comes easier to customize them, add extra services and 
inquire about specific system solutions. New business 
models based on updates and upgrades open up addi
tional sources of revenue and nurture lasting customer 
loyalty. For environmental technology and resource 
efficiency players in particular, this has the benefit of 
letting them integrate their capabilities and innovative 
strengths more deeply in the sales process and turning 
this into a competitive advantage.

Figure 90: Digitalization in the environmental technology and resource efficiency industry – The five biggest challenges facing 
German green tech companies

Chal
lenges 

1 Securing access 
to customers 

2 Becoming more 
flexible and agile 

3 Developing 
digital skills 

4 Adjusting 
finances 

 5 

-

Developing a digital 
enterprise model 

Source: Roland Berger (2017) 

-

-

-

Challenge #2: Becoming more flexible and agile
New technologies and business models are flooding the 
market ever faster as digitalization accelerates innova
tion cycles. The traditional research and development 
processes still in place in many companies are often 
unable to keep up with this pace: Most such processes 
were designed to advance evolutionary developments 
rather than spawn disruptive innovations. This is where 
agile approaches can prove highly promising. Charac
teristic attributes of agile strategies include soliciting 
customer feedback at an early stage of the innovation 

-

-

 process, pursuing iterative product development 
(“rapid prototyping”) and applying the principles of 
“testing and learning” and “learning from failure”.
Although these basic principles of agility shape the 
culture of start-ups in particular, incumbent players 
too can benefit from them. The latter’s vast experience 
of production gives them a speed advantage in produc
tion.

-

Digitalization gives green tech companies the chance to 
boost their revenue and become more effective and ef
ficient. Digital solutions facilitate simple, fast decisions 
and processes within the organization. To realize this 
effect, businesses must be willing to call legacy struc
tures into question and move on from traditional ways 
of thinking to a digital mindset. The process of digitaliza
tion is supported not only by corporate IT departments, 
but also by digital experts in the project groups. In the 
context of digitalization, it is not only permitted but, 
in some cases, indispensable to question one’s own 
business model. Carving out separate project groups, 
each with their own budget, has proven a promising 
way to develop disruptive innovations. These teams 
operate like start-ups within the organization, but their 
creativity is not inhibited by the constraints of day-to-
day business.

-

-

-
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Figure 90: Digitalization in the environmental technology and resource efficiency industry – The five biggest challenges facing 
German green tech companies
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Challenge #3: Developing digital skills
Businesses that are keen to succeed in the digital 
economy obviously need highly qualified specialists. 
But they also need strategic skills in the key areas of di
gitalization. Behind all the talk of Industry 4.0, big data, 
apps and wearables, we find business models, products 
and services. And to navigate safely through unchart
ed digital territory, companies need to understand 
that digitalization affects every link in the value chain, 
as well as the organization’s management culture. 
Company leaders must make decision processes more 
transparent. They must communicate them and ensure 
that the skills available within their organization can 
be used to the full. The consequences of digitalization 
do not stop at a company’s established processes and 
structures. New digital solutions demand new forms  
of cooperation within the organization – cooperation 
that must not be allowed to grind to a halt at depart
mental boundaries. Cooperation in interdisciplinary 
teams is growing ever more important, necessitating 
a collaborative, solution-oriented work environment 
in which employees have free access to data and 
where communication is backed by digital support. 
Cloud solutions put the conditions in place for this  
to happen.

-

-

-

 
 

 

If firms are to shape the digital transformation 
successfully, they need digital skills at both the 
strategic and operational levels. Digital literacy is not 
just a matter for the IT department, because digita
lization transcends both functional and hierarchic 
boundaries. Digitalization will work if people across 
all parts of the company contribute or cultivate digital 
literacy. A combination of analytical skills and creati
vity in particular encourages innovation. This profile is 
perhaps best matched by graduates of disciplines such 
as digital engineering and entrepreneurship, which 
dovetail traditional sciences with the digital world.

 
 

-

-

Challenge #4: Adjusting finances
Digitalization changes financing needs at every point in 
the value chain. Above all, it alters the value of tangible 
and intangible assets. Conventional capital investment 
targets only production resources intended for long
term use, such as machinery, buildings and land. And in 
the past, this kind of tangible asset was a key parameter 
in assessing a company’s value or creditworthiness. 
In the digital economy, intangible assets such as new 
operating systems, patents, employees’ knowledge, 
digital strategies and data have moved center-stage. 
Putting a value on intangible assets is a complex task, 
however, and many lending banks and financial insti
tutions still find it hard to assess new business models 
and the risks to which they are exposed. In many cases, 

-

 

-

established forms of credit ratings are not appropriate 
in the context of digital business models.

Against this financial backdrop, green tech companies 
need to find individual solutions. The basic options 
include funding in the form of long-term credit 
arrangements, boosting the equity ratio and tapping 
alternative sources of finance such as crowd-investing. 
Where innovative business models are launched, it is 
also possible to share financial risks by cooperating 
with suppliers and/or competitors. Funding options 
such as renting, leasing and pay-per-use arrangements 
are likewise gaining in significance, allowing even spe
cialized web-based solutions for operating procedures 
and big data analytics to be integrated at low cost. The 
growing number of open source products that provide 
free alternatives to both traditional office tools and 
specialized data analytics software are another ideal 
solution.

-

Challenge #5: Developing a digital enterprise model
Digitalization always affects the entire organization 
– at every link in the value chain. It follows that the 
recommendations cited above cannot be seen in isola
tion: They can only be implemented in the context of 
an end-to-end digitalization strategy. Developing this 
kind of digital enterprise model should therefore figure 
high on the agenda of every management team.

-

In reality, however, few companies yet have this kind 
of digital enterprise model. Routine problems and 
pressures frequently keep management too busy to 
deal with strategic matters. Companies also have a hard 
time recognizing – and responding appropriately to – 
the anticipated changes in our living and working envi
ronment. There is still a widespread belief that digita
lization “only” concerns sales operations or is confined 
solely to consumer goods. Accordingly, many busines
ses adopt only a half-hearted approach to the digital 
transformation, instead of grafting digitalization into 
every area of the company. In many cases, attempts to 
adjust the IT infrastructure are all that happens.

-
-

-

Like firms in other industries, green tech companies 
should be tackling the subject of digitalization pro
actively. One first step is to be aware of the keys to digi
talization and understand their impact. Managers need 
to analyze how digital technologies will affect their 
industry in general and their company in particular. 
Above all, they must analyze which disruptive trends 
triggered by digitalization could pose a threat to their 
own business model and competitive position. Merely 
kicking the tires of risk scenarios is not enough, how
ever. It is also vital to develop and adjust opportunities, 

-
-

-
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processes, products and business models in line with 
the conditions that prevail in the digital economy. That 
has to begin by honestly taking stock: Which products, 
customers and regions are affected by the digital trans
formation? Adopting a clear position in response to 
these questions can lead to the successful development 
of a digital enterprise model with a clear vision and an 
implementation roadmap. Given the frantic pace of the 
Internet economy, a digital enterprise model can never 
be a target scenario that is cast in stone for the medium 
to long term. It must be constantly reevaluated and 
readjusted, because responding rapidly to changes in 
the market environment is a key success factor in any 
digitalization strategy.

-

GreenTech made in Germany 2018
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The green transformation in traditional industries

The green economy can be defined as a system of eco
nomic activity characterized by innovative, ecological 
and inclusive growth. The three attributes “innovative”, 
“ecological” and “inclusive” refer to different dimen
sions of activity. “Innovative growth” covers education, 
knowledge transfer and research and development 
(R&D). Subjects such as the teaching and research acti
vities of universities in disciplines of relevance to the 
environment, the number and scope of government 
funding programs for green research and development 
projects and the number of patent applications with 
links to environmental technology and resource 
efficiency fall under this rubric.

Within the “innovative growth” dimension, the R&D 
activities of higher education establishments and 
companies in particular are instrumental in mitigating 
climate change and protecting the environment. These 
players develop technologies and completely new pro
ducts and processes, which in turn lay the foundation 
for innovative, sustainable growth.

Founding green companies with creative approaches 
can speed up the resolution of environmental prob
lems. Most small and medium-sized enterprises are not 
hampered by time-consuming internal coordination 
processes: They can simply go ahead – on their own 
or together with customers – and develop innovative, 
disruptive technologies and processes. Successful tech
nologies can quickly be absorbed and further dissemi
nated by the wider market.

17 percent of all German start-ups operate in green 
disciplines, positioning Germany as one of Europe’s 
front-runners. Taken together, the construction and 
retail industries account for 39 percent of all “green” 
German start-ups (see Figure 91).

Figure 91: Green start-ups as a percentage of all new business launches in Germany and their distribution across individual 
industries (2014) 1

-

-

-

 

-

-

-
-

Source: Borderstep Institute for Innovation and Sustainability (2016), Roland Berger (2017) 

1 See Fichter, Klaus / Weiß, Ralf (2016). 

Figure 91: Green start-ups as a percentage of all new business launches in Germany and their distribution across individual 
industries (2014) 1
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The “ecological growth” dimension relates to factors 
that burden the environment and have a material 
influence on people’s quality of life. These include 
improving resource efficiency, reducing greenhouse 
gas emissions and preserving biodiversity.

Ecological growth can make a major contribution to 
climate and environmental protection. improving 
resource efficiency in production and services in parti
cular. The ongoing optimization of processes curbs the 
consumption of materials and energy. In recent years, 
resource efficiency has become especially important to 
the corporate sector because, on top of its impact on 
the environment, it also helps cut costs. One powerful 
way to improve energy efficiency is to make use of 
waste heat, for example. Using and processing waste 
and by-products improves material efficiency and thus 
eases the burden on the environment. To cite just one 
example: Exhaust emissions given off by blast furnace 
processes can be channeled into the chemical industry 
for use as educts in the synthesis of polymers.

A good example of progress in ecological growth is the 
continuing expansion of renewable energy. Figure 92 
shows that renewable energy has sharply increased its 
share of gross final energy consumption since 2000. By 
2020, renewable sources will probably account for one 
fifth of gross final energy consumption.

Figure 92: Renewable energy as a share of gross final energy consumption in Germany from 2000 through 2020 (percent)

Source: Federal Environment Agency (2016), Roland Berger (2017)

 
 

 

-
The “inclusive growth” dimension refers to both popu
lar participation in the green economy and the practice 
of anchoring green economic principles in politics, the 
economy and society.

-

One pointer to an ever more sustainable economic 
orientation is the contribution made by environmental 
technology and resource efficiency to economic output. 
As visualized in Figure 93, the green tech industry has 
increased its share of German gross domestic product 
(GDP) continually since 2007, reaching 15 percent in 
2015. The expectation is that, by 2025, environmental 
technology and resource efficiency will make up 19 
percent of Germany’s GDP.
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Figure 92: Renewable energy as a share of gross final energy consumption in Germany from 2000 through 2020 (percent)
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Figure 93: Growth in environmental technology and resource efficiency’s share of nominal gross domestic product in 
Germany between 2007 and 2025

Source: Destatis (2017), Roland Berger (2017)

 

Greater acceptance of the green transformation in 
society is reflected in factors such as the political 
importance attached to environmental protection, 
sustainable consumer behavior and the population’s 
assessment of the quality of the environment.

 

If an awareness of environmental protection and 
climate action issues is given among key stakeholders – 
especially among customers, one of companies’ 
principal target groups – then “green issues” will 
increasingly have a bearing on corporate investment 
decisions. For example, buying a machine with a 
highly efficient electric drive system can not only 
help improve energy efficiency, but can also highlight 
the company’s commitment to mitigating climate 
change. This correlation can then be leveraged to 
boost demand for ecofriendly and climate-friendly 
technologies, making it easier for green innovations 
to penetrate the market.

 
 

 
 

 

 

Popular acceptance plays a vital role in the funding 
of environmental protection and climate action 
measures. Some products and services in the green 
economy come at a higher cost. Therefore, the more 
society understands the need to protect the environ
ment and the climate, the more people will be willing 

 
 

 
-

to pay for the ecological value added by sustainable 
products. The pace of the green transformation is 
significantly influenced by consumer demand. 
End customers thus have a powerful tool with which 
to push industry in the direction of sustainable 
production methods.

 
 

 
 

Environmental technology and resource efficiency is 
pivotal to the advance of the green transformation. 
Green tech players’ products, processes and services 
play a crucial role in mastering ecological challenges. In 
its capacity as a cross-sector industry, environmental 
technology and resource efficiency also promotes the 
green transformation in other branches of industry, 
injecting powerful stimulus for the ecological mo
dernization of the economy. Integrated approaches 
and system solutions are two particularly promising 
aspects.

-

Digitalization has the potential to support and accele
rate the green transformation. On the one hand, digita
lization puts in place the technical conditions required 
for many steps to protect the environment and the 
climate. For example, by establishing data networks, 
smart system solutions can realize far greater energy 
savings than non-automated processes. On the other 

-
-

Figure 93: Growth in environmental technology and resource efficiency’s share of nominal gross domestic product in 
Germany between 2007 and 2025
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hand, digitalization facilitates the economies of scale 
that can make sustainable products and services cost-
effective and pave the way to their wider use. Digitali
zation also enables information to be bundled and vi

-
-

sualized in clear, intuitive forms. All these insights can 
be harnessed to further the development of ecofriendly 
and climate-friendly technologies and services.

The five dimensions of the green 
transformation at a glance

 

How far have companies in Germany progressed with 
the green transformation? Centered around this key 
question, interviews were conducted with ten compa
nies originally founded beyond the remit of environ
mental technology and resource efficiency.

-
-

A framework within which to analyze the green trans
formation at corporate level was staked out in the form 
of five dimensions of transformation: economic trans
formation, technological transformation, ecological 
transformation, employee transformation and institu
tional transformation (see Figure 94). This framework 
allowed us to focus on areas to which various green 
transformation measures can be assigned.

-

-

-

-

-

-

-

-

Figure 94: The five dimensions of the green transformation
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Economic In the corporate context, economic transformation refers to earning 
profits by selling green products, processes and services and developing 
green business models. 

Technological The technological transformation covers aspects such as setting up and 
expanding research and development, as well as training and 
education in green technologies. 

Ecological The ecological transformation at corporate level is understood to mean 
transformation in areas such as corporate environmental protection, 
energy independence based on renewable sources and energy and 
resource efficiency. 

Employee The employee transformation embraces corporate activities to foster 
environmental awareness in the company and to encourage employees 
to act in an environmentally responsible manner. 

  

Institutional The institutional transformation includes such activities as organizational 
measures to establish voluntary obligations, self-monitoring, and 
consistently environment-friendly management and – in the wider sense – 
approaches to environmental management accounting. 

 

  

Source: Roland Berger (2017) 

The sections that follow take a close look at how digi
talization affects each of these five dimensions and the 
extent to which it is expediting the transformation to a 
green economy. Case studies are drawn on to illustrate 
the points made.

Economic transformation: This is where the process of 
transformation within a company becomes visible in 
the form of a wider portfolio of green services. Actively 
increasing green products’ and services’ share of total 
company revenue is one indication of economic trans
formation. Another obvious sign is the development 
of green business models (such as energy performance 
contracting and energy efficiency consulting).

Digitalization influences the economic dimension of 
the green transformation via an array of different tech
nologies and mechanisms:
l The Internet of Things (IoT) and connectivity enable 

green business models to be implemented success
fully. Smart home system solutions are a case in 
point: Connected sensors and thermostats share 
data with each other and, for example, regulate 
indoor temperatures in response to the current 
weather and the occupants’ preferences. Coordina
ting thermostats with window sensors raises energy 
efficiency (see the “innogy SmartHome” case study 
for more details).
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l Digitalization can promote dematerialization – wit
ness software that enables virtual product develop
ment. In many cases, using this software dispenses 
with the need to produce prototypes.

-
-

l Modern technologies can drive the “greening” of 
existing products. In the sense used here, “gree
ning” means improving product design by reducing 
demand for energy and materials and making use 
of biological materials. One organization has, for 
example, developed a data projector that uses a 
new electronic controller and LED light sources to 
deliver superior energy efficiency.2

-

l The sharing economy concept builds a business 
model around lending and ownership. Collective 
use increases the utilization of product capacity 
during the operating phase, while digitalization 
provides facilitates easier access to and handling 
of shared use. Car sharing is a good example of this 
principle (see the “DriveNow” case study).

 

2 See Fraunhofer-Institut für Angewandte Optik und Feinmechanik IOF (2012).

Technological transformation: This dimension involves 
systematically increasing the research and develop
ment budget for green technologies and increasing the 
number of green patents filed.

-

In the context of technological transformation, digitali
zation influences the green transformation via a range 
of different approaches and methods:

-

l Disruptive technologies can contribute to the 
development of new kinds of production processes, 
as shown by the example of trucks from Mercedes-
Benz. This company began using 3D printing 
techniques to produce plastic-based spare parts in 
2016. Additive manufacturing now delivers material 
efficiency that is far superior to conventional pro
duction processes (see the “Mercedes-Benz Trucks” 
case study).

-

l Digital platforms make it easier to share and 
exchange data – for example by simplifying green 
product and process R&D across multiple sites. 
Green “open innovation” strategies illustrate the 
point, growing out of a strong focus on applied 
research and supporting the external development 
of sustainable products.

l Industry 4.0 and the Internet of Things empower 
service providers in particular to develop techno
logies that optimize production processes. Open 
digital platforms can simplify process steps in in
dustry, for instance. Joining up software, people and 
processes helps save both material and energy.

-

-

l New technologies are making production processes 
ever more efficient, but can also improve process 
control. Wet-chemical processes such as cleaning, 
bleaching and washing, for example, normally con
sume large quantities of water and chemicals that 
are hazardous to the environment. The processes 
involved are complex and interwoven. To dovetail 
them seamlessly in a way that conserves resources, 
plant engineering firms such as Voith GmbH are 
therefore working to develop new types of sensor 
systems and data-driven process control systems 
(see the “Voith” case study).

-

Ecological transformation: Here, the transformation 
process at the corporate level expresses itself in the 
form of measures taken to protect environmental 
media and the natural world and to improve resource 
efficiency. These measures include using renewable 
energy, improving energy efficiency and material 
efficiency, replacing non-renewable resources with re
newable ones, expanding environmental management 
systems within companies, reducing carbon emissions, 
increasing the recycling rate and taking steps to preser
ve biodiversity.

-

-

Digitalization affects the green transformation in the 
context of ecological transformation via an assortment 
of approaches and methods:
l Connecting sensors to a central HQ simplifies the 

aggregation of digital data, facilitating in-depth ana
lysis of a company’s ecological footprint. The ability 
to share this real-time data also enables processes 
to be partially automated. The savings on energy 
consumption made possible by room automation 
systems are one example: Probes and sensors are 
used to automate aspects of the control of heating, 
ventilation and air-conditioning technology, there
by reducing energy consumption.

-

-

l Digitalization enables complex processes to be visu
alized in simplified forms. The resultant ergonomic 
advances help users make decisions that contribute 
to superior efficiency. Lufthansa’s electronic flight 
bags highlight the point: Digital data processing 
supplies pilots with bundled information that can 
be used to manually determine optimized, more ef
ficient flight routes and enter these in the on-board 
computer systems (see the Lufthansa case study).

-

-

l Companies can make the transition from remedial 
to preventive environmental protection. The aim is 
not just to meet but, ideally, to surpass the expecta
tions of investors and customers as well as political 

-
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demands with regard to sustainability. An example 
of preventive action to protect the environment 
comes from the Bosch Group, which draws on 
modular software, control modules and big data (see 
the Bosch case study).

Employee transformation: This dimension mostly 
concerns internal measures to foster environmental 
awareness among employees. These measures include 
raising people’s awareness of environmental issues 
(through staff training, for example) and prompting 
them to think about what they do and why they do it. 
This dimension of transformation is also concerned 
with measures that translate environmental awareness 
into specific actions – implementing environmental 
management at the workplace, for instance. Another 
aspect involves the professional skills of employees 
within their specialist areas. To successfully expand a 
company’s portfolio to include green products and ser
vices, staff naturally require suitable qualifications. For 
example, to move to a distributed power supply struc
ture and rely more heavily on renewable energy sources, 
a company may need to upskill its specialists who work 
with heating, ventilation and air-conditioning systems.

-

-

Again, digitalization influences the green transforma
tion in the context of employee transformation via a 
variety of approaches and methods:

-

l Employee transformation involves encouraging 
and enabling staff to live out a keen environmental 
awareness. To reinforce this awareness, companies 
both offer incentives (to use local public transpor
tation and/or form car pools etc.) and adopt more 
playful approaches (by setting up “green teams” and 
organizing “green days” etc.). Many of these activi
ties are publicized via the intranet and other digital 
communication platforms. German telecoms giant 
Telekom operates a green car policy that illustrates 
the point. The company has introduced a system of 
bonuses and penalties regarding CO2 emissions from 
company cars, using software to document fuel 
consumption and mileage. The aim is to encourage 
staff to choose smaller vehicles (see the Deutsche 
Telekom case study).

-

-

l Digital infrastructures play a part in promoting 
forms of work such as home office arrangements, 
which eliminate the emissions caused by journeys 
to and from work. Additionally, the use of videocon
ferences and cloud applications can be an alternative 
to business travel that harms the climate – such as 
domestic flights within Germany.

-

l Media can be used to simplify the transfer of knowl
edge about issues of relevance to the environment. 
Digital training courses can motivate staff to adopt 
sustainable behavior both at work and outside work. 
Beiersdorf, for example, uses a number of corporate 
communication channels to encourage employee 
participation in sustainability initiatives. The com
pany integrates online tools to calculate individual 
ecological footprints in its existing IT infrastructure 
and provides awards for employee-initiated sustain
ability projects (see the Beiersdorf case study).

-

-

-

Institutional transformation: Here, the transformation 
process manifests itself at the institutional/organiza
tional level as green economy objectives and activities 
are embedded in the organization. The key issues are 
management methods and the processes by which 
social and environmental concerns are integrated in a 
company’s strategy in order to foster sustainable devel
opment. Examples include expanding environmental 
and corporate social responsibility (CSR) management 
systems (such as environmental management account
ing), establishing clear structures of responsibility in 
the sphere of environmental technology and resource 
efficiency (for example, by creating a sustainability de
partment), and networking with external environment-
related players (for example, engaging in cooperation 
projects with environmental organizations and other 
NGOs). This dimension also involves transparent com
pany reporting that is based on established standards 
and takes account of economic aspects, environmental 
issues and social concerns alike.

-

-

-

-

-

Digitalization affects the green transformation in the 
context of institutional transformation via an array of 
different approaches and methods:
l Measuring CO2 emissions in real time makes it easier 

and quicker to identify whether compliance with 
key environmental performance indicators is given. 
The TUI Group’s digital system solution highlights 
the possibilities opened up by superior data quality. 
A cloud application captures energy consumption 
data across the entire group, painting a more accu
rate picture of the company’s ecological footprint 
(see the TUI case study).

-

l Environmental management accounting creates a 
reporting framework for sustainability strategies. 
VAUDE adopts this approach, defining a sustain
ability strategy (“green KPIs”) for all parts of the 
company and every step in the product lifecycle. Di
gitalization enables data gathering to be joined up, 

-

-
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thereby laying the foundation on which to analyze 
these KPIs (see the VAUDE case study).

l Sustainability rankings compiled by environmental 
organizations attest to the ongoing nature of corpo
rate social responsibility (CSR) activities. Companies 
have a keen interest in being listed in these rankings, 
as this cultivates a positive image in the eyes of sta
keholders. Digitalization gives companies a transpa
rent way to demonstrate their compliance with the 
terms of sustainability certifications (ISO 9001, ISO 
14001, EMAS, OHSAS 18001) on relevant websites.

-

-
-

l Digital platforms give organizations a way to reach 
a wide audience. Environmental protection asso
ciations and networks use this digital support as 
a communication channel to advertise industry 
initiatives and campaigns. One example from the 
manufacturing sector is Germany’s chemical 
industry association VCI, which has launched an 
initiative for sustainability entitled “Chemie hoch 3” 
(literally: “Chemistry3”).

-
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Economic transformation   

The innogy SmartHome
The company and its environment
The launch of innogy SE came as RWE AG’s response to 
the challenges of the structural transition in the energy 
industry – a transition triggered and advanced by a 
variety of factors that influence and reinforce each 
other. These include the liberalization of markets, shifts 
in energy policy due to climate targets and decentraliza
tion. Further changes prompted by digital technologies 
and business processes are flanking these upheavals. 
The expansion of renewable energy and the resultant 
shift toward decentralization have brought significant 
change to the energy landscape.

 

-

“We need to learn to make effective 
use of larger volumes of electricity 
produced on a distributed basis from 
renewable sources.”

Digital helpers in the home – 
Energy efficiency at the push of a button

 

innogy SmartHome is an addition to the company’s 
portfolio of products to enhance energy efficiency. 
innogy SE markets thermostats, sensors and wireless 
switches that work together to make home life a com
fortable, resource-saving experience. Heating, lighting 
and electrical appliances all communicate with each 
other via the innogy SmartHome hub and a protected 
wireless network. Ease of use, fast installation and the 
opportunity to save energy at low cost are opening up 
access to a wider market.

-

Digitalization creates the conditions needed by the 
innogy SmartHome business model. The concept is 
based on an open platform. Installing transmitter 
stations (such as radiator thermostats, adapter plugs 
and ambient thermostats) that are connected to the 
innogy SmartHome hub establishes connectivity be
tween devices from different manufacturers: washing 
machines, dishwashers, heaters and lights, for example. 
Via an application, these electrical devices can thus be 
switched on and off from any place and at any time. 
Digital data is collected via the central hub, which 
aggregates information about the volume, timing and 
specific location of electricity consumption. This data is 
available solely to the user.

-

A specially designed application makes it easy to 
handle all the devices and appliances involved. This 
application is the core interface element and contains 
a personal profile of the user. Function settings in the 
application allow processes to be automated. When the 
customer leaves home, for example, the hub automa
tically lowers the intensity of heating, switches off all 
lights and makes sure all the windows are closed.

-

Impact on environmental protection and climate action
On average, homes fitted with innogy SmartHome con
sume between 10 and 15 percent less energy than the 
control group, where no digital equipment is installed. 
Digital connectivity and management significantly 
improves energy efficiency – using less heat to deliver 
an agreeable temperature to the individual customer, 
for example.

-

The innogy SmartHome concept supports power gene
ration from distributed renewable energy plants. Cus
tomers who have installed a photovoltaic system can, 
for example, specify the time window in which certain 
appliances are to be used. Green electricity can thus  
be used at the time when it is generated, effectively 
increasing the private use of power from renewable 
sources.

-
-

Bottom line
As energy systems become increasingly decentralized, 
power utilities are having to more closely manage how 
power is fed into the grids as the new energy policy 
takes effect. Customers expect modern power utilities 
not just to supply them with energy, but to provide 
holistic solutions for a world of decentralized power 
generation.

www.innogy.com

http://www.innogy.com
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DriveNow
The company and its environment
The BMW Group is a Munich-based premium automo
bile and motorcycle OEM with a global reach. It also 
provides financing and mobility services. The Group 
operates 31 production and assembly facilities in 14 
countries and employs around 125,000 people world
wide (figures from December 2016). Sixt SE, based in 
Pullach near Munich, is a global provider of mobility 
services for corporate customers and private individ
uals. Founded in 1912, the company today operates 

-

-

-

in more than 100 countries. The automobile industry 
today is confronted by an array of challenges. In urban 
spaces in particular, younger generations see it as less 
and less important to own a car as a status symbol. 
Autos are instead seen to have a functional value as 
vehicles that get you from A to B. At the same time, 
issues such as air pollution, sustainability and resource 
efficiency are coming more sharply into focus in pol
itics and society – witness, for example, the statutory 
limits imposed on emissions.

-

“For customers, the crucial thing is a 
digital service that is easy to access.”

Don’t own it: Drive it! The new business model
DriveNow is a car sharing joint venture that was found
ed by BMW and Sixt in 2011. Using a stationless model, 
it makes vehicles available to private and corporate 
customers and shoulders all variable costs. In return for 
a fixed one-time fee, customers sign up and can then 
rent cars in the network on a pay-by-the-minute basis. 
In Germany, DriveNow currently operates in Mu
nich, Hamburg, Berlin, Cologne and Düsseldorf – five 
agglomerations where a total of about 3,400 DriveNow 
vehicles (BMWs and Minis) are currently deployed. 
Around Europe, DriveNow also provides car sharing 
services in Vienna, London, Stockholm, Copenhagen, 
Brussels, Milan, Helsinki and Lisbon. Digitalization is 
an indispensable prerequisite if BMW and Sixt’s car 
sharing model is to work at a profit. Connectivity across 
the vehicle fleet assumes a key role. Vehicles com
municate with a central hub and with the customer’s 
DriveNow app, enabling customers to locate and book 
cars that are currently available. The vehicles also pass 
on information about fuel/charge and oil levels as well 
as tire pressure. 

-

-

-

Maintenance and servicing can thus be tailored to each 
vehicle’s precise needs, which has a positive effect on 
costs.

The business model is completely app-based. Its central 
feature is a digital service that offers simple, flexible 
access and is easy to use via a mobile application. Wire
less M2M connections let users open and lock vehicles 
with a keyless system. Also, preset modifications such 
as the packages booked and the target destination are 
mapped onto the car itself.

-

Impact on environmental protection and climate action
The DriveNow business model is helping to improve 
resource efficiency and reduce emissions compared to 
conventional individual motorized traffic.

Average capacity utilization per vehicle is five times 
higher than conventional car usage, which normally 
averages between 45 and 60 minutes per day. By con
trast, DriveNow vehicles currently spend between three 
and five hours a day on the road. Moreover, car sharing 
verifiably reduces exhaust emissions. A variety of 
scientific studies prove that one car sharing vehicle al
ready substitutes for between three and eight privately 
owned cars. More and more people are abandoning the 
idea of running their own vehicle inefficiently. Why? 
Because, alongside other mobility offerings, they have 
flexible access to shared cars whenever they need one. 
Fewer vehicles on the road means less traffic circling 
for parking spaces. And fewer kilometers traveled 
reduces emissions. In all the cities where it operates, 
DriveNow deploys a modern fleet that includes 
e-vehicles. That reduces emissions still further and is 
also helping drive development of the public charging 
infrastructure.

-

-

 

Bottom line
BMW is using the shared economy approach to 
strengthen its position as a mobility service provider, 
primarily in urban regions. The resultant high capacity 
utilization per vehicle lowers emissions compared to 
conventional individual motorized transportation. 
Looking ahead, car sharing can evolve into an impor
tant source of revenue for automotive OEMs.

-

www.drive-now.com

Economic transformation   

http://www.drive-now.com
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Technological transformation  

Mercedes-Benz Trucks
The company and its environment
Mercedes-Benz Trucks, a business unit of Daimler AG, 
has assumed a pioneering, technology-leading position 
among global truck OEMs with its use of 3D printing 
technology as an innovative, cutting-edge production 
process in its after-sales activities.

“3D printing makes it economical 
to manufacture mass products in 
batches of one.”

Innovative production process – Spare parts off the 
3D printer

 

Mercedes-Benz Trucks has been using an additive 
production process to manufacture spare parts made of 
plastic since 2016. Using a 3D printer makes production 
processes for small batch sizes more efficient. Custo
mer service can be improved, because even spare parts 
from discontinued model series can still be delivered 
around the globe. In the past, it was becoming less and 
less economically viable for suppliers to produce these 
parts. In many cases, production plants and tools had 
to be kept available and in working order for years. 3D 
printing has now consigned these challenges to the 
history books: Every 3D-printed spare part can now be 
made available on demand, i.e. at short notice anywhe
re in the world.

-

-

Without digitalization, additive manufacturing would 
be unthinkable. The aim is for 3D printing data records 
to be generated automatically while a product is still 
being developed. When a customer orders a spare part, 
the order can be accepted based on the part number. 
The printing process is triggered fully automatically. 
In the future, a central 3D database will store all data 
needed for the production of spare parts. The printer 
will connect itself to the central database and can 
launch production based on the data stored under the 
specified part number. Production can thus happen in 
any place and at any time. Another future plan is to set 
up a number of connected “printing hubs” to facilitate 
distributed production.

Impact on environmental protection and climate action
The 3D printing process is kind to the environment 
and conserves resources. As such, it is breaking new 
ground in after-sales with a production process based 
on the “one piece demand” concept: the cost-effective 
production of small quantities of spare parts. 3D prin
ting also delivers superior material efficiency compared 
to conventional production processes, because additive 
layers minimize material waste. Since spare and retro
fitted parts can still be “reprinted” without difficulty 
based on the stored data even after lengthy periods, 
there is also no need for the expense of warehouse 
storage.  At the same time, there is a positive impact on 
costs, resources and the environment as the very com
plex process of reusing or disposing of excess materials 
is eliminated. 

-

-

-

Bottom line
Digitalization enables Lufthansa to replace insular 
approaches to data provisioning with fully integrated 
digital data preparation. The aim is to completely eli
minate the use of paper at every step, and to integrate 
additional electronic processes.

-

www.mercedes-benz.de
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Voith GmbH
The company and its environment
Founded in 1867, Voith employs around 19,000 people, 
posts annual revenue of 4.3 billion euros and has a foot
print in more than 60 countries worldwide. It is one of 
the major family-owned companies in Europe. Voith 
supplies machinery and solutions to an array of indus
trial markets: energy, oil and gas, paper, raw materials, 
and transport/automotive. The advance of connec
tivity and digitalization will shape mechanical and 
plant engineering and revolutionize the way in which 
manufacturers make goods and sell their products and 
services. The products themselves will be smarter and 
more efficient in the future. Industry 4.0 will make 
companies more productive.

- 

-

-

“The products we make tomorrow – 
the turbines and generators, the 
paper machines and drive systems – 
will all have a digital copy in the 
cloud.”

Digital innovation – “Papermaking 4.0”
Voith already offers digital products and services to 
its customers. Every group division has market-ready 
automation products that will lay the basis for subse
quent Industry 4.0 products. Examples include HyCon 
CS at Voith Hydro, DIWA SmartNet at Voith Turbo and 
both OnEfficiency and OnCare products at Voith Paper. 
Voith also wants its new Digital Solutions division 
to play a key role in the digital transformation. Voith 
Digital Solutions provides new concepts for automa
tion and IT to serve mechanical and plant engineering 
in the age of digitalization. One example of how Voith 
uses digital tools is the papermaking process: Under 
the heading “Papermaking 4.0”, it is making a signifi
cant contribution to increasing efficiency, productivity 
and quality at every link in the paper production value 
chain – even in legacy plants.

-

-

-

Cutting-edge sensor systems help make the processes 
in paper machines transparent. These processes can 
be stabilized and, ultimately, preemptively optimized 
with actuators and control systems. All this is made 
possible by interconnecting all kinds of subprocesses 
and adding information about key conditions, such as 
quality data from stock production and the properties 

of the finished product. Automatic dosing avoids the 
excessive use of valuable resources. Savings on energy, 
chemicals, fiber and time all add further value.

Impact on environmental protection and climate action
In the interests of cost-effectiveness, processes must 
be designed and managed as efficiently as possible. 
One example is the de-inking process in papermaking, 
which is heavily influenced by the (often fluctuating) 
quality of the raw material. Manual corrections are 
laborious, and usually come too late. In other words, 
neither the yield nor the use of bleaching chemicals 
is optimally aligned with the prevailing conditions. 
Voith’s OnEfficiency DIP allows resources to be used ef
ficiently and carefully controlled during the production 
process – leading to correspondingly positive impacts 
in terms of environmentally friendly processes

-

Bottom line
The applications rolled out by the Digital Solutions 
division create a new point of access to digitalization. 
Plants become more intelligent and, with the aid of 
sensor systems and online process control, can inject 
sustainability into the way processes are managed, too. 
That is especially beneficial to complex processes in 
which analytics and quality control are retrospective by 
default. As well as making production more economi
cal, digitalization also plays an active role in protecting 
the environment.

-

www.voith.com
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Lufthansa AG
The company and its environment
The Lufthansa Group is a global aviation group with 
540 subsidiaries and equity investments. Headquar
tered in Frankfurt/Main, it splits its business into three 
main segments: Premium Hub Airlines, the Eurowings 
Group and Aviation Services.

-

Aviation is a very fast-moving industry that follows 
the lead given by changing customer needs. On the 
one hand, low-cost airlines that service the needs of 
price-sensitive customers are putting pressure on 
margins in point-to-point traffic within Europe. On the 
other hand, competition is also growing from premium 
hub airlines that target quality leadership. The Luft
hansa Group is keen to strengthen its market position 
through technological developments and synergies 
across its three key segments.

-

“By increasing connectivity and 
analyzing real-time data, we want 
to drive the sustainability of aircraft 
operation.”

Paperless cockpit
Lufthansa has prepared the ground for implementation 
of the paperless cockpit. One aspect is the improve
ments it has made to the Electronic Flight Bag (EFB), 
a computer platform designed to help pilots prepare 
and operate flights. Another is the introduction of the 
electronic Flight Folder (eFF), a new software tool that 
supplies pilots with briefing information in a clear 
form to support their decision-making.

-

EFB and eFF are both parts of Lufthansa’s “e-enabling” 
program, which is advancing the digitalization of 
in-aircraft processes. The electronic Flight Folder 
visualizes briefing information and uses color coding. 
An ergonomic user interface makes it easier to switch 
between different categories of information and find 
what is truly relevant. A synchronization function 
across the different EFBs in the cockpit improves 
collaboration among the crew. A computing function 
featuring fuel information for the flight schedule and 
reference values from previous flights helps pilots with 
decisions about the quantity of fuel to be taken on 
board depending on weather conditions. During the 

flight, an electronic navigation log further assists the 
pilot with strategic fuel management. Pilots thus have 
an accurate picture of the fuel situation at all times, 
both before and during the flight. That improves flight 
safety as well as economizing on fuel, as every kilogram 
carried in the air costs more fuel to transport it.

 

The e-enabling program is rooted in data, data connec
tivity, in-flight connectivity (between the aircraft and 
systems on the ground) and on-board connectivity 
(between the EFBs on board and the flight systems). 
The EFB application “Flight Profile”, for example, uses 
the electronic briefing data, real-time data from the 
on-board electronics systems and both measured and 
predicted wind speeds to calculate the most economi
cal speed and altitude for the remainder of the flight.

-

-

Impact on environmental protection and climate action
The digital infrastructure developed by Lufthansa 
helps pilots with decision processes relating to flight 
paths, kerosene quantities etc., all of which ultimately 
improve resource efficiency and reduce greenhouse gas 
emissions.

Bottom line
Digitalization enables Lufthansa to replace insular 
approaches to data provisioning with fully integrated 
digital data preparation. The aim is to completely 
eliminate the use of paper at every step, and to 
integrate additional electronic processes.

 
 

www.lufthansa.com
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Bosch Group
The company and its environment
Headquartered in Stuttgart, the Bosch Group is a global 
supplier of technology and services. Its core activities 
are divided into four business sectors: Mobility  
Solutions, Industrial Technology, Consumer Goods, 
and Energy and Building Technology.

 

Increasing pressure to innovate and ever fiercer in
ternational competition are putting wind in the sails 
of the technology and service industry. The political 
framework is one driver in the industrial context; an
other is the demands of investors and customers with 
regard to sustainability. All these groups are calling 
for the economically and ecologically sound use of 
resources.

-

-

“We need to pro-actively come 
up with interfaces to different 
IT systems and target seamless, 
end-to-end data collection.”

Green factories – Sustainable use of resources 
The Bosch Group sets its own sustainability targets as 
part of its environmental management system. The 
office buildings and production halls at its “green” 
factories reflect an ecofriendly design that encourages 
the sustainable use of resources.

Digitalization is imperative if the Bosch Energy Plat
form software is to be deployed and green factories 
are to be established. The modular software lays the 
foundation for improved energy efficiency in the Bosch 
Group’s buildings. The Bosch Energy Platform gathers 
relevant output and energy consumption data across 
multiple sites, facilitating comparison with historical 
data. Automated data presentation and visualization of 
the overall ecological footprint on an ergonomic user 
interface enhances transparency. That makes it easier 
to identify where further optimization is possible. 
One component of the Energy Platform software is a 
monitoring system that automatically detects con
sumption anomalies. Clearly focused responses can 
thus be identified at an early stage to minimize energy 
consumption.

-

-

Installing connected control modules (such as the 
IndraLogic PLC) in the production halls paves the way 
to a better, automated communication concept. Joining 
up different climate sensors makes it possible to oper
ate a semi-automated sunshade system, for example. 
Weather sensors beam up-to-the-minute data to a 
central platform that aligns a mobile sunshade installa
tion with the angle of the sun’s rays. This arrangement 
avoids 80 percent of the energy normally needed (for 
cooling systems etc.) in relation to solar radiation. The 
IT system also allows lighting in the production facili
ties to be adjusted in line with the weather conditions 
outside the building. Here too, the energy needed by 
the lighting system is slashed by as much as 60 percent.

-

-

-

Impact on environmental protection and climate action
The plant in Abstatt is a good example of how 
ecofriendly construction can enable the reduction of 
CO2 emissions. Heat recovery units and heat pumps are 
among the equipment installed here, allowing 5,000 
tonnes of CO2 to be saved every year.

As the Bosch Group continues to develop its environ
mental management program, it is shifting the focus 
from curing damage to the environment to preventing 
it in the first place. Internally defined sustainability 
goals are stricter than the environmental protection 
targets imposed from the outside. The office building in 
Singapore, for example, consumes around a third less 
energy than is prescribed by national legislation.

-

Bottom line
The Bosch Group is committed to preventive envi
ronmental protection measures at its various sites. 
The control modules described above are currently 
installed and optimizing efficiency at about half of the 
company’s factories worldwide.

-

www.bosch.com
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Deutsche Telekom
The company and its environment
Deutsche Telekom (“Telekom”) is a leading European 
telecommunications provider. It sells products and 
services in the following business lines: fixed network/
broadband, mobile communications, Internet/Internet 
TV, and information and communication technology. 
Headquartered in Bonn, this publicly traded group 
employs around 218,000 people worldwide and has a 
footprint in more than 50 countries.

To stay successful going forward, the company is 
evolving from a traditional telephone company to 
a completely new kind of service company. Its core 
business – operating and selling networks and terminal 
equipment – remains in place as the foundation. At the 
same time, the group is aggressively occupying new 
areas of business that open up fresh growth opportuni
ties. Firmly convinced that economic, social and ecolo
gical considerations are mutually compatible, Telekom 
is committed to acting responsibly at every link in its 
value chain.

-
-

“Employees are taking a more flexible 
view of mobility. Several options are 
being well received.”

Green car policy: The sustainable way to get around
Telekom MobilitySolutions, a Deutsche Telekom 
subsidiary, operates the group’s vehicle fleet. Its goals 
for this fleet are cost-effective operation, sustainable 
development and the reduction of direct CO2 emis
sions. One important aspect is raising its employees’ 
awareness of ecological concerns and encouraging 
ecofriendly and climate-friendly behavior. A system of 
bonuses and penalties achieves this goal, together with 
the introduction of incentives for alternative mobility 
concepts. Staff awareness of being personally respon
sible for mitigating climate change is also reinforced 
by the company’s offer of ecofriendly driver training, 
job tickets, rent-a-bike systems at 31 locations around 
Germany, and a salary conversion model for bicycles 
and e-bikes. Employees also have the option of using a 
fully refunded rail card instead of a company car.

-

-

 

Digitalization too is having a positive impact on miti
gating climate change. Efficient practices are ensured 
by a central fleet management system that integrates 
everything from initial orders to control of repair shop 
activities to vehicle marketing.

-

Mileage and fuel consumption are recorded and analy
zed. Via a customized user portal, drivers of company 
vehicles can thus compare their fuel consumption with 
average values for similar vehicles in the fleet. Culti
vating awareness of fuel consumption has been proven 
to contribute to a more environmentally friendly 
driving style.

-

-

The alternative mobility concepts made available via 
a digital infrastructure likewise develop employees’ 
sensitivity to ecological issues. A shuttle application 
lets employees and/or their guests book travel with 
company buses – to the Cologne/Bonn and Frankfurt 
Airports, for example, or to the ICE railway station in 
Siegburg/Bonn. Journeys to heavily frequented des
tinations can therefore be bundled, reducing expen
diture on taxis and curbing the use of fuel and parking 
fees for business vehicles. The shuttle buses also have 
wireless LAN to enable staff to work in comfort on the 
road. About 120,000 passengers a year make use of this 
internal shuttle service (data from December 2016). 
An alternative mobility solution for middle-distance 
business travel is to use a car hire service. Vehicles in 
this pool can be booked 24/7 via an online portal. A 
dedicated app will also be available in the future.

-
-

An RFID card gives customers keyless, round-the-clock 
access to the vehicle they have hired.

Impact on environmental protection and climate action
Thanks to the green car policy and the individual mo
bility concepts, the vehicle fleet’s CO2 emissions were 
cut to an average of 110 grams per kilometer by the end 
of 2015. That put Deutsche Telekom well within the 
threshold of 130 grams of CO2 per kilometer prescribed 
by the European Union.

-

Bottom line
Digitalization has opened up an array of mobility 
services for employees that support intermodal and 
multimodal transport. Using an application or a web
site allows employees to identify and book the right 
mobility concept – shuttle bus, company car, hired car 
or bicycle – for each situation and every requirement.

-

www.telekom.de

  

http://www.telekom.de
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Beiersdorf
The company and its environment
Beiersdorf is a publicly traded enterprise with 19,000 
employees spread across more than 160 subsidiaries 
worldwide (data from December 2017). It breaks down 
into two business segments: Consumer, which manu
factures skin and body care products; and tesa, which 
manufactures self-adhesive system and product solu
tions for industrial customers and consumers. Consu
mer – whose stand-out brands include NIVEA, Eucerin, 
La Prairie, 8x4 and Hansaplast – is the main focus of its 
activities.

-

-
-

“We care.” – Strategy to bundle sustainability goals for 
the years ahead
At Beiersdorf, commitment to sustainability is a  
long-standing tradition. The “We care.” sustainability 
strategy lived out by its Consumer segment focuses 
sharply on responsible growth and building sustain
ability into every link in the value chain. The strategy 
centers around three pillars – Products, Planet and 
People – and has set concrete sustainability targets 
for 2020 and 2025. A series of actions have also been 
launched to measure the whole company’s progress 
toward realizing these targets.

-

“We care.” – The sum total of many “I cares” 
Employee engagement and a three-fold policy of in
forming, involving and inspiring have been central to 
the “We care.” program from the outset. “Again and 
again, we have made it clear that our efforts toward 
sustainability can succeed only if every one of our 
people plays their part,” says Dorle Bahr, Head of 
Environmental Sustainability, outlining the basic 
tenets of the initiative. “Only then will the whole 
company develop the tremendous potency we need to 
meet our ambitious targets.” In other words, “We care.” 
is the sum total of many individual “I care” goals.

-

 
 
 
 

To ensure that staff around the globe buy into the 
strategy, Beiersdorf launched an extensive and ongo
ing internal communication offensive flanked by a 
number of employee engagement campaigns. It began 
with a campaign of posters and videos in which various 
colleagues spelled out their personal “I care” commit
ments, inspiring others to take action too. This was 
followed by “think planet”, “A closer look at products” 
and “All about people”: further campaigns designed to 
help people understand sustainability and encourage 
individuals to take the initiative. One example of the 

-

-

employees’ engagement is support for the Foodsharing 
e.V. program, which links the responsible use of resour
ces to social action. Since 2013, Beiersdorf has regularly 
donated fresh but unused food from its company 
restaurant in Hamburg to social institutions around 
the city.

-

-

-
-

-
-

 

“Although the work environment is 
becoming increasingly flexible, we’ve 
found a way to get the message of 
environmental issues across.”

 
Employee transformation   

Digital company platforms played a pivotal role in estab
lishing both the “We care.” strategy and the individual 
campaigns around the world. The company’s “Blue-
Net” intranet primarily shares information about the 
strategy, its goals and progress toward achieving them. 
At the same time, the online collaboration platform 
“blueplanet” focuses on making materials available and 
promoting interaction between employees in the re
gions, in the form of chat forums, for example. Additio
nal videos (some of them with user-generated content 
in which employees sketch their personal commitment 
to sustainability), the interactive tool www.myimpac
tontheplanet.com to measure the individual’s ecolo
gical footprint, and a digital quiz in which employees 
can manage and vary the process of manufacturing a 
product and learn about the sustainability of “their” 
product round off the digital side of the “We care.” 
initiative.

Bottom line
Beiersdorf harnesses a range of digital communication 
channels and media to raise awareness of sustainability 
issues among its workforce. This policy has succeeded 
in anchoring the concerns of “We care.” throughout the 
group and achieving ambitious sustainability targets.

www.beiersdorf.de/nachhaltigkeit

http://www.beiersdorf.de/nachhaltigkeit
http://www.myimpactontheplanet.com
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Institutional transformation

TUI AG
The company and its environment
The TUI Group is a listed tourism group with global 
operations. Headquartered in Berlin and Hanover, it 
employs around 67,000 people worldwide and provides 
customers with services at every link in the tourism 
value chain. Customers can book travel via travel agen
cies and online portals. TUI Fly flies them to the TUI 
Group’s hotels and cruisers. The needs of demanding 
customers are changing the market. The trend is to
ward authentic travel experiences and remote destina
tions, such as Asia and the Caribbean. At the same time, 
stronger emphasis is being placed on sustainability and 
resource efficiency in the travel and tourism industry.

-

-
-

“We want to reconcile growth to 
sustainability.”

FTSE4Good Global Benchmark Index – Recognition for 
commitment to sustainability
The TUI Group has been listed on the FTSE4Good Glo
bal Benchmark Index since 2010. This series of indexes 
from the London-based FTSE organization lists compa
nies that demonstrate exceptional commitment in the 
field of corporate social responsibility. It attests that, in 
terms of sustainability and corporate governance, the 
activities of the listed companies are significantly better 
than the industry average (best in class). The positive 
criteria for acceptance in the FTSEGood Index Serie 
are based on globally recognized norms such as those 
enshrined in the UN Global Compact and the Human 
Rights Convention. Companies listed in the index 
must implement steps toward ecological sustainability, 
respect and promote compliance with human rights, 
ensure good working conditions and transparency in 
the supply chain, prevent corruption and advance the 
mitigation of climate change. 

-

-

Two TUI initiatives are indicative of the group’s 
commitment: At its travel agencies in England, energy 
dashboards visualize the building’s CO2 emissions in 
real time and juxtapose this data with the applicable 
energy-saving targets. In just three years, measures 
derived from the displays on these dashboards con
tributed to a 24 percent reduction in CO2 emissions at 
these agencies.

-

TUI Cruises equips its vessels with a new kind of energy 
monitoring and management (EMMA) system (for 
voyage and trim optimization). This system links real
time data from multiple sources to optimize the trim 
of the vessel. Weight, currents, weather conditions and 
other data is drawn on to calculate the most efficient 
route. Newly built vessels added to the fleet are also 
fitted with an intelligent energy management system 
that can save up to ten tonnes of fuel per day. (To put 
that in perspective: Average daily fuel consumption is 
around 200 tonnes.)

-

Impact on environmental protection and climate action
Environmental protection is an integral part of TUI’s 
corporate strategy. This fact, plus compliance with the 
ISO 14001 standard, is helping to reduce greenhouse 
gas emissions. The TUI Group has set itself the goal of 
shaving 10 percent off its carbon intensity between 
2015 and 2020. All of its subsidiary groups are taking 
action to this end. In fiscal 2014/15, for example, TUI 
Fly successfully reduced CO emissions per passen
ger kilometer by 2.3 percent year on year. One of the 
group’s key objectives is to promote a sustainable 
tourism industry. By 2020, it wants to offer sustainable 
vacation travel in accordance with Global Sustainable 
Tourism Council (GSTC) certification to 10 million 
travelers a year (2015: 5.6 million). Additionally, the TUI 
Group has launched initiatives such as the TUI Care 
Foundation to step up protection of nature and the 
environment at holiday destinations. On Lanzarote, 
for example, it is supporting the island’s tradition of 
organic winegrowing.

-

Bottom line
Within the TUI Group, digitalization is accelerating the 
advance of sustainable tourism. The company uses a 
cloud application to capture energy consumption data 
across the entire group and visualize its ecological foot
print. The system solution delivers high-quality data 
and gives the group better management and control of 
environment-related activities.

-

The TUI Group shoulders ecological responsibility 
for the destination countries in which it operates. It 
is increasing local engagement and cooperating with 
regional partners to promote sustainable tourism.

www.tui.com

  

  

http://www.tui.com
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VAUDE Sport GmbH & Co. KG
The company and its environment
VAUDE Sport GmbH & Co. KG is based in Tettnang, 
Baden-Württemberg, southern Germany, and was 
established in 1974 as a supplier of mountain sports 
gear. Today, the family-owned company operates in 
three business segments: Mountain Sports, Bike Sports 
and Packs ’n’ Bags. Its product range includes clothing, 
shoes, backpacks, sleeping bags and thermal sleeping 
mats, tents, bags and travel baggage.

Growth in the outdoor industry has been sluggish for 
some years. Predatory competition among outdoor 
providers is correspondingly fierce, and the market is 
now visibly consolidating. On the demand side, values 
are perceivably changing, as sustainability becomes 
more and more important to customers. The outdoor 
industry’s nature-loving, sport-crazy clientele in parti
cular has exacting standards when it comes to compli
ance with ecological and social criteria. For providers, 
sustainability is a powerful differentiator.

-
-

Going green puts VAUDE in the black 
At VAUDE, digitalization simplifies and accelerates 
environmental management accounting. As soon as 
EMAS certification3 was introduced in 2008, VAUDE 
began systematically gathering data of relevance to 
sustainability up and down the value chain and across 
its individual business segments. Its innovative ap
proach to environmental management accounting won 
the company a prize from Germany’s Péter Horváth 
Foundation. It is based on the quality of data collection, 
the way data is joined up, analyzed and interpreted, and 
permanent improvement of the data quality. Trends 
can be recognized and processes optimized as a result.

-

Internal connectivity makes it possible to measure 
sustainability targets all along the value chain. The aim 
is to realize end-to-end data integration – from the 
material producers to final packaging – by introducing 
an enterprise resource planning (ERP) system. A stable 
supplier system is tremendously important in this 
context. End-to-end data integration makes it possible 
to measure the CO2 footprint of each individual pro
duct, for example. Via digital communication channels, 

-

customers of and stakeholders in this family business 
are kept up to date on how VAUDE is complying with 
economic, ecological and social sustainability criteria. 
VAUDE uses its own website and social media platforms 
to report on implementation of its environmental ma
nagement systems (ISO 14001, EMAS) and compliance 
with CSR standards (Fair Wear Foundation, German 
Sustainability Code, Economy for the Common Good). 
Sustainability is also at the heart of many of its digital 
marketing campaigns.

-

“We can successfully implement our 
sustainability strategy in all business 
segments only if we tread this path 
hand in hand with our suppliers.”

Impact on environmental protection and climate action
To put its sustainability strategy into practice, VAUDE 
has developed a system of indicators for all its busi
ness segments. To this end, the VAUDE Green Shape 
criteria were formulated in 2010 and tightened up in 
2015. Green Shape is an evaluation system for outdoor 
products that VAUDE developed itself. VAUDE gives 
the Green Shape label to products manufactured using 
ecofriendly processes that help conserve resources. The 
Green Shape criteria apply not only to materials, but 
to the entire product lifecycle – from product develop
ment to production to product care and the options for 
recycling or disposal. Alongside the principal fabrics, 
every element – including buttons, thread and other 
materials – must satisfy the Green Shape requirements. 
The Green Shape evaluation system is based on the 
bluesign® system4, but does go beyond the criteria for 
this textile material certification  on some points.

-

-

Bottom line
VAUDE uses environmental management accounting 
as a driver of green innovation. It is increasing its use of 
secondary raw materials recovered from recycling pro
cesses. Digitalization enables comprehensive, joined-up 
data to be used to optimize processes.

-

www.vaude.com

 

Institutional transformation  

3 Eco-Management and Audit Scheme – EMAS is a voluntary instrument introduced by the European Union to improve corporate 
environmental protection. It is designed to help companies of all sizes and legal forms to continually improve their environmental 
performance. It is regarded as the strictest and most comprehensive environmental management system in the world.

4   The bluesign® system requires companies to observe five principles throughout the entire production chain: resource productivity, 
consumer protection, job security and pollution of neither waste nor wastewater.

http://www.vaude.com
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