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business models.

1 Introduction: The pathway towards
Chemistry 4.0

The chemical-pharmaceutical industry’ is
facing large structural changes — once again.
Increasingly, it needs to adjust to the demands
of the transition to Industry 4.0. This includes
figuring out how to handle digitalization stra-
tegies, circular economy approaches, and new
business models. But this is not the first time
the sector has faced a fundamental transfor-
mation. In fact, it has already come a long way
in the past 150 years.

The chemical industry’s first generation or
‘Chemistry 1.0’ began in the mid-19th century,
with increased demand spurred by the Industri-
al Revolution. Raw materials consisted of coal,
tar, organic and animal fats and oils, which we-
re made into products such as soap, dyes and

The chemical-pharmaceutical industry, like other industrial sectors, is facing trans-
formative changes exemplified by ‘Industry 4.0’ — including digitalization, circular
economy approaches, and other innovations impacting its business model. These
changes also affect the relationship with its customers, and the required skills and
training needs for its employees. Based on several interviews with experts con-
ducted as part of Climate-KIC’s Pioneer in Practice program, this commentary looks
at emerging challenges and opportunities the chemical sector will be facing in the
next decade and beyond. It also provides examples where new technologies, ca-
pacities and collaboration models have been combined into successful sustainable

fertilizer. From the 19505 onward, the industry’s
second generation — Chemistry 2.0 — focused on
petrochemicals. Crude oil had become a rich
source of carbon and created almost unlimited
possibilities for new syntheses and molecules;
also, the new technology of polymerization hel-
ped to introduce plastics and chemical fibers as
everyday products. Then, beginning in the
1980s, Chemistry 3.0, or the third generation,
was fueled by globalization and European (and
other) market integration, as well as new pro-
duction processes and technologies such as
genetic engineering and biotechnology. This
enabled the chemical industry to create a new
and more specialized product range. Also, new
business and cooperation models formed: me-
dium-sized companies specialized and prospe-
red, while other companies consolidated
through mergers and acquisitions; internatio-
nal trade led to on-site production facilities ab-

' The term ‘chemical industry’ will be used subsequently for the sake of convenience.
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road; chemical parks formed; and basic rese-
arch at universities blended productively with
applied research within the industry (Deloitte
and VCl, 2017).

Since the 2010s, the chemical industry has
seen the need to adapt once again. By adjusting
to ‘Industry 4.0’, with automation and data
exchange integrated into new manufacturing
processes, the Internet of Things (loT), cloud
computing and ‘smart’ technologies, the sector
needs to transform into the next generation:
Chemistry 4.0 (VCI 2017). At the same time,
other risks and requirements have grown in
importance: sustainability risks and the climate
crisis; environmental pollution and shrinking
biodiversity; agriculture and food production;
and the overconsumption of critical natural
resources and raw materials — all of these chal-
lenges can point to the chemical industry as
part of the problem, or alternatively, as part of
the solution.

2 Research background and
methodology

During Climate-KIC’s Pioneer in Practice pro-
gram, which is implemented in Germany by the
Centre for Industry and Sustainability (ZIN) at
Provadis, one of the system innovation challen-
ges focused on the future of the chemical in-
dustry. In particular, the challenge was how to
envision how the chemical industry could
transform into a digital and circular economy
knowledge hub in the future, and what skills
future changemakers would need in order to
make this Chemistry 4.0 happen. In addition to
an exploratory review of literature and business
cases, three expert interviews were conducted
in 2018 and 2019 with lead managers, executi-
ves and academics knowledgeable about the
chemical sector. The semi-structured qualitati-
ve interviews focused on five main issues: 1)
challenges and megatrends for companies and
the industry within the next 10 and 30 years; 2)
key drivers of these trends; 3) the role of inno-
vation and sustainability; 4) the most im-
portant future competencies for work and suc-
cess in the age of Chemistry 4.0; and 5) what
the future of the chemical industry will look like
in10 and 30 years.

This commentary will explore upcoming
megatrends and drivers and focus on three key
issues for the industry’s future: circular econo-
my; digitalization; and required competencies
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and training needs. It points out challenges and
opportunities these transformations bring with
them; and provides examples of how these
changes are already being addressed in prac-
tice.

3 Megatrends and drivers of industry
transformation

The chemical industry faces (at least) three
main challenges on its path to Chemistry 4.0.
First, global demand structures are shifting to-
wards new geographical markets, specifically
Asia. Second, the entry of new market players,
new technologies and more specialized market
needs has increased the level and intensity of
competition. And third, an increasing global
environmental awareness has led to a qualitati-
ve shift of societal priorities, among them
sustainability, climate change, and a funda-
mental rethink of how to use natural resources.

Europe and North America have been expe-
riencing stagnating growth in saturated end
markets, while market demand for the chemi-
cal industry is shifting to Asia, China and India
in particular. In Europe, and especially in Ger-
many, energy and resource costs are relatively
higher than in other world regions, which in-
creases the cost of production. In addition, local
environmental standards are comparatively
higher in Germany and Europe, which further
adds to the pressure to remain competitive.
Some assets including production facilities are
older in Europe, which may make them econo-
mically more feasible because of their deprecia-
tion; their investments costs have already been
written off by their owners. However, this also
adds to future needs for investment in aging
assets and new production technologies. Huge
innovation potential is slumbering in countries
like China, which has a vast number of highly
educated young people moving back home
from their studies abroad, adding to the count-
ry’s growing supply of human resource talent in
the natural sciences.

One of the big transformations for Che-
mistry 4.0 and a key driver of change in the in-
dustry is the rise of digitalization. The new digi-
tal age offers new business opportunities, in-
cluding faster and ‘smarter’ production proces-
ses, new employment needs, new business mo-
dels, and a more efficient use of natural re-
sources. However, new risks are emerging as
well: for example, loss of employment through

© Journal of Business Chemistry



Combine or combust? — Circular economy, digitalization and collaboration

models for the new chemical industry 4.0

robotization, higher qualification requirements
for new employees, and the question of data
security in a Big Data world. All of these chan-
ges are taking place in a business culture that,
in Germany at least, still leaves room for inno-
vation around new digital business models. The
German chemical industry has employees with
a high level of technical knowledge and a good
understanding of processes. However, with
new innovative market players from Asia and
elsewhere on the one hand, and a more inter-
national client base on the other, the need to
deepen knowledge about new digital practices,
new business models, and intercultural team-
work competencies will continue to grow.

Another key driver of industry transformati-
on is the new sense of urgency regarding
sustainability and climate action, among policy
makers and civil society alike. In the Paris Decla-
ration, the world community has committed
itself to reduce its greenhouse gas (GHG) emis-
sions in order to keep global average tempera-
tures well below 2°C, and ideally below 1.5°C
compared to pre-industrial levels (UNFCCC
2015). This commitment also informs the Euro-
pean Commission’s climate and energy targets,
i.e. cutting GHG emissions by 40% (from 1990
levels) and increasing renewable energy and
energy efficiency improvements to 32% and
32.5%, respectively (EU 2014; 2018). It is also the
main driver of Germany’s renewable energy
transformation (Energiewende), which has al-
ready increased the share of renewable energy
sources to 37.8% of total gross electricity con-
sumption (UBA, 2019). Fridays for Future and
other civil society organizations have regularly
mobilized millions of people to take to the
streets with their demands for far-reaching
climate neutrality. And the chemical industry
has been taking note as well: sustainable deve-
lopment and digitalization have been identified
as two megatrends with a significant impact on
Germany’s chemical industry in a recent survey
of 60 chemists (Keller and Bette, 2020).

3.1 New business models: circular
economy for Chemistry 4.0

One prerequisite for the success of chemical
companies and the industry as a whole is that
they must understand their own business and
their respective markets. However, some in-
dustry players have been realizing that they are
too far removed from their end clients. This
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means that chemical companies increasingly
feel they are too far upstream in the value
chain and might even fear to be ‘cut off’ from
their clients’ business activities. The traditional
business paradigm - ‘produce a fantastic
molecule and sell it to the market’ — looks both
more difficult and less relevant today. Instead, a
lot of potential for innovation seems to come
from a different mindset: (re)using resources,
materials and (by-)products from molecules
previously believed to be ‘dead’ or waste; and
joining and supporting the end client along his
or her entire value chain. These new approa-
ches, as well as the underlying new mindset,
fall into the realm of the circular economy.

Circular economy approaches focus on clo-
sing resource loops and keeping the value of
materials and products as high as possible for
as long as possible. They aim to design out was-
te and pollution; keep materials and products
in use; and regenerate natural systems (EMF
2017). These concepts have gained much at-
tention from policy makers, civil society and the
business community alike, as the circular eco-
nomy seems to offer a concrete strategy on
how to ‘do’ sustainable development (EMF
2013; EC 2020). In particular, the circular econo-
my shows how to break with the traditional
linear economy and its ‘take-make-use-lose’
philosophy: extract resources to make a pro-
duct for short-term use which is thrown away
afterwards, taking all its valuable materials
with it ‘to the grave’ or the landfill. Instead, the
circular economy promises to reduce or even
eliminate waste altogether. To use a simplified
example, in a natural ecosystem like a forest, a
leaf that falls to the ground will over time turn
into nutrients for the underlying soil and its
creatures. Essentially, any ‘waste’ will return
back into the system as input or valuable food’.
In the circular economy, this principle is
exemplified by two separate material flows:
one for organic substances, which will be com-
posted; and one for non-organic materials,
which are recycled separately. Ideally, both of
these processes are powered exclusively by re-
newable energies (EMF 2017). One popular il-
lustration of these two looping circles is the
‘butterfly diagram’, with its two ‘wings’ re-
presenting the loops for organic and non-
organic materials (Figure 1).

The circular economy and its focus on re-
source and product (re)Juse and waste
avoidance can help to define innovative new
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business strategies (Kopel and Utikal 2019). One
helpful concept for systematically exploring
new ways of using resources and products is
the Big Five Structural Wastes framework
(Blomsma and Tennant 2020). This waste and
resources grid offers five ‘sets’ of circular strate-
gies by differentiating between two types of
resources, i.e. particles (raw materials) and
(finished/manufactured) products, and two
types of waste, i.e. a lack of resource renewal
and a lack of resource consumption. Subse-
quently, a fifth dimension is added to the grid,
i.e. preventing or reducing material use altoge-
ther. Thus the five resulting sets of circular eco-
nomy strategies — creating or improving spe-
cific loops —are (Figure 2):

Closing loop strategies like recycling or
composting to use materials longer;

Extending loop strategies like substance
cascading, downcycling or waste-to-energy
in order to use materials more extensively;
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3. Long-life loop strategies like maintaining,
improving durability or reconditioning (e.g.
repair, refurbishment, remanufacture etc.)
to make products last longer;

4. Intensifying loop strategies like product
cascading, alternate use, sharing and co-
use to utilize products more intensively;

5. Preventive strategies like refuse, reduce,
replace in order to not use more resources
than necessary and prevent the use of
harmful (e.g. toxic) materials.

These circular strategies have the potential
to spur necessary innovation in the chemical
industry. Present and future industry challen-
ges can be addressed by utilizing circular eco-
nomy principles (Deloitte and VCI 2017):

Principle #3:
Pie3 Renewables flow management
Regenerate
natural systems
| Farming/

| collection

g n ‘Biochemical |
(Biosphere) feedstock
Principle #2:
Keep materials Biogas -
and products
in use Cascades
Anaerobic |
digestion
Extraction of |
biochemical
. feedstock
Principle #1: : -
Design out
waste and
pollution

Figure 1 Circular economy ‘butterfly’ diagram (source: in allusion to EMF, 2017).
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Waste
defined as:

Lack of resource renewal
or: wasted life-cycle

Lack of resource consumption
or: wasted capacity

Figure 2 The Big Five Structural Wastes framework (source: Blomsma and Tennant, 2020).

Can materials be used
for longer?
remedied by:

keeping substances in cycles
of (near) equal quality, use:

1. Closing loop strategies
e.g. recycling®, composting

Particles

Can Materials be used
more extensively ?
remedied by:
more use from substances through
controlled transformations, use:
2. Extending loop strategies
e.g. substance cascading,
downcycling, waste-to-energy

Resources
defined as

Can products be made
to last longer?
remedied by:
extending product life, or:

Products

3. Long-life loop strategies

reconditioning (repair, refurb.,
reman.)

e.g. maintain, product durability,

Can products be used
more extensively?
remedied by:

Tapping into un- or underused
capacity, or:

4. Intensifying loop strategies
e.g. product cascading,
alternate use,sharing, co-use

Excess or harmful use
remedied by:
do without, use less or use benign substances
5. Preventative strategies
e.g. refuse, efficiency, non-toxicity

‘Making the most of’ resources by increa-
sing resource efficiency in all stages of the
value chain (including suppliers and distri-
butors as well as the end customer). This
may entail — at the particle stage — closing
loop strategies by improving and scaling
recycling/composting processes; or ex-

tending loop strategies by cascading or
downcycling substances, or using them for
energy recovery.

Increasing the lifetime of products and
components. This may entail — at the pro-
duct stage — intensifying loop strategies by
reusing, sharing or cascading products; or
long life loop strategies by maintaining pro-
ducts, increasing their durability, or recon-
ditioning them through repair, refurbish-
ment, remanufacturing etc.

Reducing resource use when products are
utilized. This may entail preventive loop
strategies less at the manufacturing stage,
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but rather in designing the product to func-
tion more efficiently, e.g. making it use less
energy or other resources.

The different looping strategies can also be

found in the ‘seven levers’ (or ‘7R’) the chemical
industry may employ going forward (Figure 3):
1) (Re-)Design (all loops); 2) Resource-efficient
and climate-friendly production (all loops); 3)
Return (long-life loops); 4) Recycling (closing

loops); 5) Recovery
loops); 6) Removal
loops); and 7) Residue
preventing loops).

of energy (intensifying
(long-life or preventive
depositing (extending or

Examples: Recycling CO2, reusing carbon.

Examples of practical applications of the
circular economy approach — turning previous
waste streams into valuable new inputs - inclu-
de the (re)use of carbon dioxide (CO2) as a re-
source. Emissions of CO2 as the most promi-
nent GHG from burning fossil fuels need to be
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Figure 3 Circular economy model in the chemical industry (7R) (source: Deloitte and VCI, 2017).
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curtailed drastically at a global scale. At the
same time, carbon, one of the components of
CO2 that is usually extracted from coal, gas or
crude oil, is an important building block for a
vast range of chemical products, including plas-
tics. A cooperation between RWTH Aachen Uni-
versity, the Max Planck Society and Covestro AG
is now helping to ‘close the carbon cycle’ by
replacing petroleum-based raw materials for
chemical production with CO2 (RWTH 2019). Up
to 5,000 metric tons of polyol infused with car-
bon can be produced at Covestro’s pilot plant to
be processed and used as foam for mattresses,
car seats or insulating materials. Another joint
research project between Evonik and Siemens
delves into the biologization of chemistry, a
field that has a lot of potential for the chemical
industry. It explores the use of electrolysis and
fermentation processes to turn CO2 into speci-
alty chemicals such as butanol and hexanol,
both of which are feedstocks for special plastics
and food supplements (Siemens 2018). The test
plant planned for 2021 would not only offer
‘green chemistry’ — i.e. the sustainable produc-
tion of chemicals with the help of bacteria and
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renewable energy — but also provide multiple
benefits: it would also function as an energy
store, which can help stabilize the grid by res-
ponding to power fluctuations. Thus, the pro-
ject also supports Germany’s renewable energy
transformation and energy system restruc-
turing.

All of these innovative processes use circular
strategies, i.e. closing loops strategies, by
‘upcycling’ COz2 into valuable carbon for reuse,
as well as intensifying loops, by transforming
CO2 from a under-utilized byproduct — basically
a waste stream — into a useful resource input
for a brand-new production process and value
chain. Also, preventive strategies reduce natu-
ral resource inputs (e.g. petroleum) whose
extraction, transport and use cause unnecessa-
ry environmental pollution, by replacing them
with readily available CO2. Ideally, CO2 con-
centrations from the atmosphere are reduced
by breaking them into carbon for productive
products and applications, doubling as long-
term carbon sinks. Finally, providing multiple
benefits or different services — e.g. energy stora-
ge within a restructured electricity grid — goes
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beyond the ‘product level’ of circular strategies.
However, it shares certain attributes with in-
tensifying loop strategies and creates more
capacity from the same resources, by enabling
co-use, alternate uses, and sharing services for
greater functionality.

For the chemical industry, new business mo-
dels must be innovative, sustainable and, of
course, profitable. But innovation is difficult. In
many cases, innovation ‘appears’ in an
emergency situation that demands new and
adaptive solutions. However, in situations whe-
re people already have more than they need -
which arguably could be said for many parts of
Europe, and Germany in particular — a certain
complacency can set in, which kills the innova-
tive spirit. Realizing the inherent need to inno-
vate is a prerequisite for creating the necessary
motivation; research and financial support are
further important enablers. Also, producing a
chemical ‘blockbuster’ has become more diffi-
cult for the industry. Customer needs — for the
chemical industry and other business sectors —
are becoming more diverse and more context-
specific. Volume- or quantity-based business
models may be replaced over time by perfor-
mance-based solutions. This means innovative
companies may shift from selling inputs to en-
suring outcomes, including switching to pro-
duct-as-a-service models — another innovative
circular business strategy.

Example: Cleaning solutions as a service.

Chemical leasing is an example of a product
-as-a-service model (UNIDO 2020). The traditio-
nal business model based on product volume
sold defining profit is replaced by the service of
‘delivering’ pre-defined outcomes. This turns
the business model upside down: using fewer
chemical inputs would now be more profitable
for the company providing the service. The
amount of chemicals used is transformed from
a revenue factor to what is now a cost factor for
the company, thus creating incentives for inno-
vation and increased resource efficiency.

One such innovative chemical service provi-
der is Safechem (2020). The company offers
various solvents for cleaning, industrial parts,
textiles and asphalt testing applications. It also
offers a host of related services: assistance and
advice on safe use, quality assurance, collabora-
tion with clients and related stakeholders (e.g.
cleaning equipment manufacturers, waste ma-
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nagers, oil producers, local authorities, distribu-
tors and associations), and ensuring sustainab-
le and circular solutions by decoupling the ex-
pected outcome from resource use and enhan-
cing the performance and durability of the
customer’s products. The cleaning product has
been replaced by a product-as-a-service busi-
ness model, saving time for the customer and
reducing the use of chemicals for the benefit of
the environment.

3.2 New technologies: digitalization
and Chemistry 4.0

Novel technologies and the new market op-
portunities they offer are often key drivers for
industry change. Digitalization is one of these
current megatrends. It fuels Industry 4.0 and its
promise of ‘smarter’ solutions: smart cars,
smart buildings, smart energy grids, even smart
cities. However, it also raises concerns regar-
ding data security, transparency for customers
and also towards market competitors, and how
to innovate beyond traditional business struc-
tures.

For the chemical industry, collecting and
analyzing more data within an own company
provides opportunities to optimize operations,
production and business processes, and effi-
ciency gains for increased profitability. But digi-
tal technologies also offer completely new pos-
sibilities. Large data sets regarding the actual
use of products were previously not readily
available for systematic analysis of, for examp-
le, customer behavior and preferences, the en-
vironmental properties of products, product
usage, effectiveness and durability, etc. Digitali-
zation enables chemical companies to integrate
further into end customers’ value chains and
provide them with more far-reaching business
solutions. These new digital opportunities for
companies come in three categories (Deloitte
and VCl 2017):

1. Increased transparency and digital proces-
ses: collecting and using data from proces-
ses within the company. This enables effi-
ciency gains within largely unchanged pro-
duction and business models.

2. Data-based operational models and analy-
sis: adding external data about customers,
markets and competitors to the internal
process data. This enables advanced data
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analysis for enhanced decision-making, effi-
ciency and flexibility.

3. Digital business models: new value creation
models that fundamentally change existing
processes, products and business models.
‘Digital add-ons’ to existing products and
services can be tailored to specific customer
needs, potentially within a digital platform
in collaboration with other companies.

Data collection to improve process efficiency
has already been used in the chemical industry
for some time, although there is still room for a
higher level of automatization and the use of
robotics. Nevertheless, the innovation potential
here is more at an incremental scale. More dis-
ruptive change and innovation potential comes
with data-based operational models. For exa-
mple, predictive maintenance can minimize
failure of production components and increase
their durability. Connected logistics optimize
inventory management and transportation of
materials and products. Smart factory and vir-
tual plant approaches employ automatization
and modular production, all the way up to a
complete virtualization of the entire production
facility that achieves cost, quality or process
improvements through real-time simulations
within the ‘digital twin’.

The largest reservoir for change and innova-
tion lies in the implementation of new digital
business models. This has the capacity to chan-
ge companies’ product portfolios, their relati-
onship to their customers, and ultimately their
own business model. One new opportunity, for
example, is the ‘personalization’ of the chemi-
cal product desired by the end client, down to
its technical properties and composition. These
can be specified by the client via an interactive
business-to-business (B2B) platform that is di-
rectly integrated into the customer’s value
chain. New business models may also include
process management services for the client’s
production facilities that employ real-time data
monitoring and long-distance maintenance.
New forms of cooperation models with clients,
suppliers, distributors and competitors are
emerging as a result.

Example: Data platforms for digital farming.

Digital farming is one of the new market
opportunities a digital business model provides
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for the chemical industry. In industrialized agri-
culture, highly automated tractors and harves-
ters already gather data on plant health, soil
composition, harvest yields and the topography
of wheat, corn, rapeseed and soy fields. This
real-time data collection is supported by geo-
graphical information from satellites. It can
then be correlated with historical data to more
accurately assess and forecast soil quality and
expected yields and to make more informed
decisions on what crop to grow.

Agricultural experts from Bayer have been
working on intelligently combining these diffe-
rent data sources into a digital management
tool for farmers called an ‘Agronomic Decision
Engine’, which would enable farmers to decide
how much and what kind of pesticides to use,
where on the field, and at what time (Bayer
2017). Apart from choosing what crop to sow,
this data can also help to design how much
irrigation is needed at what time. At the core of
these enhanced forecasting and decision-
making capabilities is the data platform, which
bundles at least five and potentially more diffe-
rent sources of data: environmental data, e.g.
soil properties and the exact temperature,
weather information and water retention
within the field; data on pathogens or other
harmful factors, e.g. fungi, insects, worms, ara-
chnids, weeds or other pests; data on plant pro-
perties, e.g. different crops’ reaction to patho-
gens, water needs etc; what agricultural ma-
nagement techniques are used, including what
pesticides and what kinds of tillage the farmer
uses; and, finally, a ‘library’ of available pestici-
des, their properties and effectiveness, inclu-
ding information about which herbicides work
best at what stage of plant growth.

The potential benefits for the chemical in-
dustry and its clients are threefold. First, by
analyzing and adapting to an individual locali-
ty’s, field’s and even field area’s specific circum-
stances and needs, the use of chemicals can be
kept to a minimum. Still, care must be taken to
not overlook potentially more effective and
sustainable solutions that avoid the use of che-
micals in the first place, i.e. crop rotation, less
intensive tillage, organic farming approaches,
etc. Second, with the help of digital farming
approaches, pesticide solutions can be persona-
lized for each individual client. By creating field-
specific digital maps based on available satelli-
te, soil and topography data, any chemical pro-
duct can be tailored and adjusted to specific
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plant needs on (or in) the ground. The business
advantage of highly tailored chemical solutions
is also relevant for other sectors, for example
Chemsafe’s personalized cleaning products and
services (see Section 3.1). Third, the customer
relationship is strengthened, while the value
derived from the chemical company’s service is
(potentially) much larger. This opens up im-
portant new business areas and opportunities
for the chemical industry which go beyond the
traditional business model as a chemical goods
manufacturer. However, finding the right ba-
lance of data transparency, value and informa-
tion sharing between the chemical company
and the customer is an ongoing balancing act.

3.3 New competencies: collaboration
and training for Chemistry 4.0

Over the decades, the chemical industry in
Europe, and in Germany in particular, has be-
nefited from a solid base of engineering know-
how, linked to good higher education opportu-
nities in the natural sciences. Process innovati-
ons have been continuously implemented. Che-
mical products are high-quality and reliable.
However, a business innovation mentality at
the system level, i.e. the readiness to leave be-
hind old business paradigms and envision fun-
damentally new opportunities, seems to be less
common in the industry. Some drivers for chan-
ge and innovation are perhaps not as pro-
nounced in Europe as elsewhere. The demogra-
phic changes Germany and other countries are
facing have led to a shortage of skilled young
people for the industry. Moreover, opportuni-
ties and changes caused by enhanced digitali-
zation and automatization require a potentially
smaller yet more highly skilled and interdiscipli-
nary workforce. Employees for the new Che-
mistry 4.0 need a new skillset to enable innova-
tion.

For people working in the chemical sector,
this means a reorientation within their profes-
sion. Cross-sectoral and cross-cultural collabo-
ration and teamwork will become more im-
portant; so will lifelong learning strategies to
strengthen new skills and competencies. This
will require new training and professional edu-
cation formats. More fundamentally, it also
involves a cultural change within chemical
companies: more tolerance for experimenting
and making mistakes; thinking up new ways to
tackle old challenges; and integrating new

Journal of Business Chemistry 2020 (2)

78

Journal of
Business Chemistry

technologies, capacities and business models
into a more complex form of collaboration to
create customer value. It also means working
together with distributors, competitors and
clients in new ways to provide joint services
and increased value collaboratively.

However, if the chemical industry wants to
integrate digitally versed innovators, start-up
entrepreneurs and sustainability pioneers into
its workforce, it will need to be able to attract
such talent. In that case, it will compete for
such experts not only with other traditional
industries, but also with start-ups, creative in-
dustries and the tech sector, including the likes
of Apple and Google. It may prove challenging
to attract innovative ‘digital natives’ with an
entrepreneurial background to the chemical
industry. However, their new ideas will support
business innovation.

Examples: Stakeholder collaboration for digital
farming and material exchange platforms.

Some of the chemical industry’s new market
opportunities show what complex collaborati-
on skills are needed to design future business
models with a diverse set of old and new stake-
holders. The linear value chain model of busi-
ness relationships — from the supplier to the
chemical manufacturer on to the distributor
and finally to the customer — has become more
permeable and flexible. More and more often,
customer and supplier relationships are realig-
ned within an ecosystem that also includes
hardware and software producers as well as
companies from outside the chemical industry.

Digital farming (see section 3.2) may once
again serve as an example of these new com-
plex networks and the chemical industry’s role
in them (Figure 4). Established market players
in the agricultural sector work even closer toge-
ther. This includes various companies in the
biochemistry sector, i.e. suppliers and manufac-
turers of seeds, fertilizers and pesticides; pro-
ducers of agricultural machines; the food pro-
cessing industry; logistics and transportation
providers; and financial service and insurance
companies. However, the further integration of
digital services provides new collaboration and
market entries: e.g. information providers for
soil quality, field topography and satellite data;
software developers for data processing and
analysis applications; and hardware producers
for drones, robots and sensors for real-life data
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Figure 4 New economic network for agriculture (source: Deloitte and VCI, 2017).
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collection and monitoring. Products and ser-
vices are bundled by many different providers,
focusing on outcomes - e.g. soil quality, plant
health, harvest yield, etc. — rather than individu-
al chemical or other inputs. The digital collabo-
ration is essential for the business model. Cur-
rent data about the soil, plants, field, weather
and machines is collected and analysed. This
data can then be cross-referenced with ‘library
data’ on pests and pathogens, plant properties,
agricultural techniques etc. The final step is the
adjustment of the fertilization and watering
process in real time for optimal results (Deloitte
and VCI 2017). Altogether, this new ecosystem
of interrelated producers and providers ideally
helps farmers to receive more relevant informa-
tion, make better decisions and grow more
with less.

A different digital collaboration model for
circular economy business opportunities is the
Materials Marketplace (USBCSD 2020). Imple-
mented by the United States Business Council
for Sustainable Development, this regional and
national platform lets companies connect and
build new joint business models on the basis of
sharing, recycling and reusing resources. Sur-
plus materials, packaging or by-products from
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industrial or other waste streams may be offe-
red and accepted by all members of this mar-
ketplace. Thus the traditional industrial symbi-
osis model is transferred into the digital space.
Companies can create joint circular business
strategies at the material (or particle) level: in
particular, closing loops through better recyc-
ling and composting opportunities; and inten-
sifying loops by material cascading and se-
condary use of by-products, downcycling and
using potential waste-to-energy opportunities.
Benefits for companies and the regions include:
reduction of landfills (where waste would end
up otherwise); additional revenue streams (by
converting waste streams into valuable se-
condary resource inputs); cost and energy
savings (for waste removal or purchasing/
refining materials); new employment opportu-
nities (e.g. in the recycling sector); new business
opportunities (by creating more resources); and
potentially less demand for virgin materials and
less exploitation of natural resources elsewhe-
re.
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4 Summary: Combining circular,
digital and collaborative innovation

In the coming decades, the chemical sector
will continue to be an important element of
society and business. No matter what changes
and innovations a digital future might hold,
people will still need physical products, medici-
nes and pharmaceuticals, water, energy, and
food. Commodities and basic chemicals will still
be needed. Society will likely still rely on some
forms of fossil fuels and hydrocarbons, alt-
hough their importance will diminish in relati-
on to renewable energy sources. However,
sustainability, climate change and the ecologi-
cal boundaries of resource extraction will in-
creasingly shape future decisions and put cir-
cular economy strategies front and centre.
Public pressure will increase to prevent natural
resource  exploitation, attempt carbon-
neutrality or even carbon-negativity, and focus
on adding net environmental (and social) be-
nefit instead of minimizing harm. The
‘biologization’ of chemistry and the focus on
natural-based solutions will likely grow, e.g.
through bacteria that can dissolve certain types
of plastic waste or create specific proteins. Re-
cycling and the recovery of valuable substances
is another field with enormous potential, e.g.
recovering phosphates from wastewater
instead of the energy-intensive and highly pol-
luting process of extracting them from the
ground. New catalytic processes — for energy
production, material refinement and pollution
reduction — will continue to create value and
new research opportunities.

Nevertheless, the chemical industry —in Eu-
rope and in Germany in particular — will need to
change in fundamental ways. Basic chemical
production may shift to other regions where
energy and labor costs are lower. Future rele-
vance and market success will largely depend
on companies’ ability to create new business
ecosystems: diverse stakeholder networks that
redefine traditional supplier and customer rela-
tionships. Instead of the old linear ‘supplier-
manufacturer-distributor-client’ processes and
value chains, future business models will de-
pend more heavily on the ability to help a client
solve a particular problem, in collaboration
with a diverse set of other market participants.
Ideally, the chemical industry will change from
a ‘materials producer’ to a hub within an inno-
vation ecosystem that can steer and direct new
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processes for higher-value products and ser-
vices.

This requires the chemical industry and its
employees to adopt an innovative mindset,
including a deeper understanding and applica-
tion of new circular and digital business strate-
gies. Better product and service design for in-
creased reusability, recyclability and sharing is
still a huge challenge. However, the goal must
be to go beyond resource efficiency gains and
related cost reductions to offer new and impro-
ved services to customers. Employees will need
to engage in lifelong learning strategies and
develop a culture that encourages innovation
and change; this includes taking advantage of
new technological opportunities. Companies
need to employ ambidextrous structures that
can progress in both exploitation and explorati-
on, i.e. increase efficiency and flexibility at the
same time. Innovative chemical start-ups may
offer new services in collaboration with other
companies via customer platforms, where phy-
sical, digital and even payment infrastructures
are offered by other service providers, similar to
current internet retailers. The emerging digital
infrastructure will enable significant transac-
tion cost reductions, which enable more colla-
boration with the customer and his specific
product and service demands. For example,
‘smart’ chemical production process compo-
nents within a company could communicate
with the customer’s enterprise-resource plan-
ning (ERP) system to create just the right kind
of product at the right time with minimal
amounts of materials and energy. These digital
B2B platforms have the potential to create new
forms of value-creating networks and circular
ecosystems.

Companies need to figure out how to com-
bine these new technologies, circular economy
strategies, and collaboration opportunities.
Only then will they be able to create sustainab-
le business models that stay competitive in a
changing market. If they don’t want to go bust,
they need to adapt to Chemistry 4.0, which is
more collaborative, more circular, and more
sustainable.
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