
A Marathon at Sprint Speed
CO2-Neutral Chemical Industry by 2050 — the Challenge of an Industry Transformation,  
but a Challenge Worth Taking On

The European Chemical Industry has set out on an ambitious path 

to become carbon neutral. Germany, as one of the major chemical 

manufacturing nations, has committed to achieve this goal by 2050. 

But companies need to translate this industry vision into their spe-

cific context. System changes of the scale of CO2 neutrality for a 

whole industry sector require a suitable attitude from decision ma-

kers — the whole system and not only the elements of the individual 

company need to be investigated and designed. 

Major transformations call for long 
lead times and require consistent and 
persistent follow-through. The trans-
formation needs to be supported by 
policy makers and civil society. It is 
all but clear whether enough value is 
created to justify the huge investments 
required and how new value genera-
ted is distributed among critical play-
ers and investors. We can learn valua-
ble lessons from the current handling 

of the Corona pandemic as a multi-
stakeholder effort and apply these ob-
servations to identify success factors 
for the transformation of the chemical 
industry to CO2 neutrality.

What Mindset to Start With?

The German chemical industry intends 
to be carbon neutral by 2050. Indus-

try-level concepts have been published 
underlining that the creation of a CO2-
neutral chemical industry would be 
potentially technically feasible within 
this space of time. The public debate 
now focusses more on how the trans-
formation can be successfully designed 
and realized and does not question the 
desirability of the goal itself any longer. 

Companies need to translate this 
vision into their specific context. But 
how should they frame the chal-
lenge? Should they only think about 
the decarbonization of their current 
activities (“renovate the building”) or 
should they think as well about the 
remodeling of their relations to other 
stakeholders such as suppliers, cus-
tomers, energy providers, policy ma-
kers and civil society (“rethink the in-
side and the outside of the building”). 

We believe that the broader view 
is necessary. A mindset is needed that 
focusses on the individual decarboni-
zation strategy and integrates as well 

developments and activities from so-
ciety, policy, science and other busi-
nesses into the considerations.

This broad, system-oriented mind-
set is necessary, because too many 
technological, economic, regulatory 
and societal variables on the path to 
CO2 neutrality still remain unclear.

Technological aspects: To achieve 
climate neutrality, incremental tech-
nical changes are not sufficient, but 
new technologies are required. But 
it is difficult to estimate when which 
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technology will actually be availa-
ble for large-scale industrial use 
and at what price. For many alter-
native technologies, large amounts 
of renewable electricity are a prere-
quisite. The ecological transformation 
of the chemical industry, thus, also 
requires a cross-sectoral approach, 
which must take into account new 
national and international infrastruc-
tures to be built.

Economic aspects: Many alter-
native technologies will not be com-
petitive with conventional technolo-
gies without a global CO2 price, due 
to their higher production costs. For 
example, it is estimated that the pro-
duction of green hydrogen by elect-
rolysis will incur additional costs of 
56 % to 178 % compared to steam re-
forming. Studies estimate the invest-
ment costs to be acceptable for so-
ciety as a whole, but a challenge for 
individual companies. Against the 
backdrop of uncertain future con-
ditions, companies must now assess 
whether and how they will change 
their business model and in which 
technologies they will invest. They 
must plan not only how to enter new 
technologies (entrepreneurial inno-
vation), but also how to exit establis-
hed technologies (entrepreneurial ex-
novation).

Regulatory issues: The regula-
tory framework faces a conflict of 
objectives: the policy measures cho-
sen should maintain industry com-
petitiveness and prevent industry 
leakage (carbon leakage). The mea-
sure of choice often cited is the in
troduction of a global carbon price. 
This would reflect the social costs of 
CO2 emissions and provide an incen-
tive to avoid CO2 emissions. Decisions 
on the right policy mix have not yet 
been made.

Social aspects: The majority of the 
population expects businesses to ac-
tively contribute to climate protec-
tion. Decisions on new technologies 
need to take into account public ac-
ceptance, especially in the case of CCS 
(Carbon Capture and Storage), which 
may be still in doubt. But even then, if 
the general public basically approves 
of a technology, problems may occur 
during local implementation, as can 
be observed from time to time with 
the construction of new wind turbi-
nes (“not in my backyard” — NIMB — 
phenomenon). Societal support must 
therefore be secured time and again 
at different levels (regional, national, 
international) and among different 
target groups (e. g., experts vs. others; 
young vs. old).

The transformation is a complex 
endeavor with multiple influencing 

and interrelated factors. Companies 
may have to take decisions under 
considerable uncertainty because 
some technological, economic, regu-
latory and societal aspects may still 
be unclear at time of decision. There-
fore, companies need to plan their in-
dividual transformation pathway as 
a part of an encompassing industry 
sector transformation.

Multi-Stakeholder Challenge

Companies in the chemical industry 
have to see the transformation process 
not only from a scientific and techni-
cal, but also from an economic and so-
cial perspective. They need to balance 
along the way to 2050 their environ-
mental ambition with their economic 
goals (profitability, competitiveness) 
and social objectives (jobs). Policy ma-
kers focus especially on social goals 
(jobs in Europe) and intend to design 
a regulatory framework that supports 
companies in investing in carbon neu-
tral technologies in Europe.

Here, a big challenge is to strike 
the right balance between preventing 
risks and accepting and managing 
those risks that are inherent to fun-

damental innovations. Science owns 
the responsibility to advance relevant 
technologies and to support decision 
making processes in business, policy 
and civil society. And civil society — 
a very diverse group — may want to 
make sure that the transformation 
process is transparent and not domi-
nated by lobbyist groups of establi
shed industries.

Thus, multiple actors with poten-
tially conflicting goals reflect about 
the best potential transformation pa-
thway. In a decision-making model, 
the best option must be selected from 
a number of alternatives in the light 
of a set of objectives. With regards to 
the transformation, conflicts between 
stakeholders can be related to differ
ent elements of the decision model:

	◾ Alternatives: What alternatives 
(technologies, policy instruments) 
are considered?

	◾ Objectives: Which economic, ecolo-
gical, social objectives are used for 
the evaluation of alternatives and 
how are they weighted?

	◾ Benefits: Which benefit function is 
assumed? What environmental ef-
fect does a technology have? What 
are costs and benefits to companies 
and society?

	◾ Timing: At what point in time 
should which decision be made? 
Does it make sense to delay decar-
bonization measures, because bet-
ter technologies may be available 
in the future?

It is obvious that these questions are 
answered very differently by different 
stakeholders (companies, politicians, 
society). A multi-stakeholder colla-
boration is needed to align societal 
efforts (cf. figure). Companies from 
the chemical industry need to en-
gage in cross-industry and cross-dis-
ciplinary collaboration and be active 
participants in the societal discourse 
to make sure that their perspective 
is sufficiently taken into account by 
other stakeholders.

Managing the related complex 
and sometimes new interfaces bet-
ween a wide range of business part-
ners, government authorities, acade-
mia, and external stakeholders is a 
management challenge on its own. 
These actors practically form a new 
ecosystem. Processes with the objec-
tive to generate value that benefits all 
stakeholders require all actors play-
ing their role within this ecosystem 
constructively in a spirit of coopera-
tion and co-ownership. Each party 
has to identify and assume its role 
and responsibility so that the whole 
ecosystem can mobilize and cap-
ture the necessary resources to deli-
ver against the common objective of 
achieving CO2 neutrality. For manag
ing roles and responsibilities of the 
four groups of stakeholders, we sug-

The Combination of Chemistry and Economics
The Vereinigung für Chemie und Wirtschaft (Association for Chemistry and Eco-
nomics) is a section of the Gesellschaft Deutscher Chemiker (GDCh, Ger-
man Chemical Society. Its mission is the combination of chemistry and econo-
mics and the formation of an international chemical industry network in order to 
investigate economic conditions of the chemical industry and to contribute to the 
discourse on industrial and technological development.

Major transformations call for long lead times and require consistent and persistent follow-through. The transformation 
needs to be supported by policy makers and civil society.
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gest following the approach of Marc 
Dreyer et al. to Responsible Innova-
tion — the so called 4-Gears Model 
(Journal of Sustainability Research 
2020;2(4):e200033).

A Vision Put into Action

Converting the chemical industry 
to CO2 neutrality asks for major re-
designs and changes of major parts 
of its technologies, processes, assets, 
and structures. Implementing these 
transformations requires major in-
vestments in the chemical indus-
try. Their execution commands long 
lead times and requires consistent 
and persistent follow-through — just 
imagine the related permits, stake
holder management, construction, 
logistics issue. Given the size and im-
pact of these changes, more stake-
holders from outside the chemical 
industry (like consumer associations, 
policy makers, and NGOs) have to 
be involved earlier and more deeply. 
This will demand more efforts and 
resources of all parties involved and 
potentially may slow down the trans-
formations.

Net, the journey to CO2 neutrality 
resembles a marathon. But getting to 
the finish line by 2050 requires sprint 
speed.

The conversion of the chemical in-
dustry to CO2 neutrality poses a chal-
lenge only comparable to the evolution 
of chemistry from a field of research 

and discovery of individual scientists 
to the industrial chemistry sector of 
the 20th century. Looking for other ex-
amples, the development of a comple-
tely new family of vaccines against Co-
rona with the highest speed possible 
comes to mind. Considering its suc-
cess, what learnings may be applied to 
the transformation to CO2 neutrality? 
Here a couple of suggestions:

	◾ Start with crystal-clear objectives 
shared by all key players involved. 
For developing a vaccine against a 
raging pandemic, these goals are 
obvious. For the less pressing and 
perceptible need for CO2 neutrality, 
the final goal and especially the ac-
cepted milestones need to be pre-
cisely stated.

	◾ Embrace uncertainty: Accept that 
success of your activities will de-
pend upon developments of other 
actors in your ecosystem as well. 
Start nevertheless.

	◾ Set many horses on the path to the 
finish line. This can be achieved by 
forming many and diverse teams 
utilizing different strategies. Bet-
ting on many options will increase 
chances of success.

	◾ Manage risk proactively. Build re-
silience into the planning of re-
sources and milestones against un-
expected outcomes and put aside 
additional resources as a contin-
gency reserve.

	◾ Clearly differentiate between the 
development and the deployment 
and scale-up phase. These phases 

pose different challenges, require 
different resources, and have dis-
tinct dynamics.

	◾ Throughout the whole project, ma-
nage expectations of key actors, in 
particular of stakeholders who lack 
the background for understanding 
the size of the challenge and its in-
herent complexity and risk.

The more downstream the projects 
move, the more difficult and demand
ing it becomes to adhere to the prin-
ciples above. With success in sight, 
many teams are tempted to break 
away and race to the finish line for 
claiming victory for them alone — as 
the European Commission is experi-
encing in these days of deployment of 
Corona vaccines.

A Challenge Worth Taking On

Going after the ambitious goal of 
CO2-neutrality by the year 2050 will 
create new growth areas for Euro-
pean and German industry. Exports 
will receive new stimuli. Indeed, a 
recent survey by Accenture of Euro-
pean industrial companies estimates 
the value potential of decarbonization 
to be €200 billion per year, €40 billion 
for the chemical industry alone, ac-
cording to the Accenture survey.

Of course, carbon tax and its pro-
jected increases play a critical role 
here. But all in all, European in-
dustrial companies underestimate 

the perceived value of decarboniza-
tion among their customers and af-
fected consumers. Decarbonization, 
thus, can be seen as a significant 
business opportunity for Europe and 
in particular Germany. Germany’s 
deep-rooted engineering and sci-
ence culture may serve to demon
strate thought leadership, and its 
high technical, engineering, and sci-
entific competence in chemistry and 
complex production systems (‘Ver-
bund’ approach) can generate signi-
ficant societal benefits.
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Companies Science Policy Civil society

Key Question • How do we transform the 
company to become carbon 
neutral and still be profitable 
and competitive on a global 
scale?

• How do we achieve this goal 
vs. a tight deadline (2050)?

• How do we advance the 
relevant technologies?

• How do we support decision 
making processes in business, 
policy and civil society?

• How do we design a regula-
tory framework companies can 
invest in carbon neutral tech-
nologies in Europe so that jobs 
are safeguarded and environ-
mental goals are met?

• How do we moderate the 
public discourse?

• How do we support the trans-
formation process towards 
carbon neutrality and still ben-
efit from the economic, ecologi-
cal and social benefits of a 
modern manufacturing indus-
try?

Additional fields Observe technological, soci-
etal, and political developments 
and create partnerships

Make sure that your findings 
can be understood by all soci-
etal actors

Always observe the interplay of 
political and regulatory meas-
ures and their impact on busi-
ness and society

Make sure that the transforma-
tion process is transparent and 
not dominated by lobbyist 
groups of established indus-
tries

Actions (examples) • Define your transformation 
pathway

• Create a transformation re-
lated trend radar

• Cooperate with associations 
and think tanks

• Do technological and eco-
nomic experiments

• Focus on joint projects with 
industry and society

• Support citizen science to 
ensure engagement with 
society

• Finance and support formats 
for multi-stakeholder collabora-
tion

• Participate in company sus-
tainability boards

• Invest in new technologies 
and start-ups

Get involved, argue fairly, ac-
cept and support resolutions 
through e.g.

• Public hearings

• Challenging published trans-
formation roadmaps

• Demanding detailed and 
verified reporting

VCW’s “Guide to Action” towards a carbon neutral chemical industry.
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