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sures to counteract the adverse environ-
mental and health impacts this is causing.
In addition, the limits of resources to cov-
er global production volumes and ensuing
political and societal conflicts urgently call
for broader innovative solutions including
SMCW and green chemistry, but important-
ly also ethics and new business models to
reduce resource and product flows and
their environmental impact, and to initi-
ate a transformation towards a more sus-
tainable use of chemistry in line with eco-
logical, economic and social development. 
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From International Chemicals 
Management to Sustainable Chemistry
The chemicals sector is producing rapidly
growing numbers and amounts of chemi -
cals for a growing number of applications,
a trend becoming increasingly visible also
in low and middle-income countries.While
leading to an enormous increase in social
and economic development, the ubiquitous
use and application of chemicals was always
also accompanied by adverse impacts on
human health and the environment. 

Addressing the global scope of chemi -
cal pollution, a number of multilateral en-
vironmental agreements, such as the Ba -
sel, Rot terdam and Stockholm Conventions1,
were established for a global sound man-
agement of chemicals and waste (SMCW).
An impor tant policy framework bundling
international activities on chemicals man-
agement is the Strategic Approach to Interna -
tional Chemicals Management (SAICM)2. It
was adopted in 2006 by the first session of
the Inter national Conference on Chemicals
Management in Dubai with the declared
goal “[…] that by 2020 chemicals are used
and produced in ways that lead to the min-

imization of significant adverse effects on
human health and the environment”(UN
2006). In the chemical industry, a similar
line of efforts resulted in the global initia-
tive Responsible Care3, a voluntary commit-
ment for continuous improvement of envi -
ronmental, health and safety, and security
performance. In parallel to these policy- and
industry-based interventions for the han-
dling of chemicals, the approach of “green
chemistry” emerged as a framework for de-
signing and improving products and pro -
cesses with the aim to prevent chemical
pollution in the first place.4 Summarizing
multiple dedicated contributions by the
US Environmental Protection Agency, the
European Union, the Organisation for
Economic Co-operation and Development
(OECD) and others (Cathcart 1990, Richt -
linie 96/61/EG, OECD1998, Linthorst 2010),
green chemistry employs twelve principles
for a benign design and a safe and resource
and environmentally friendly manufacture
of chemicals (Anastas and Warner 1998).

However, global chemical production is
still progressing, and neither of the above
mentioned interventions are sufficient mea -
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1 www.basel.int, www.pic.int, chm.pops.int
2 www.saicm.org
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4 www.acs.org/content/acs/en/greenchemistry/what-is-green-chemistry.html
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tainability. This may raise questions such
as under which circumstances the increas -
ing use of biomass for chemicals and bio-
fuel production could a viable alternative to
the use of fossil sources, when taking into
account potential social, economic and eco -
logical consequences of its use. Or wheth -
er the reduction of CO2 emission achieved
in cars through the use of lightweight com-
posite materials outweighs the negative en-
vironmental impact caused by the produc-
tion or future recycling of these materials.
Or how, in the face of fossil fuel depletion,
materials and product flows for re newable
energy infrastructure might be redesigned
in order to increase resource effi ciency and
avoid new competition for the resources re-
quired for this infrastructure.

A New Way of Systems Thinking
One example for an approach towards sus-
tainable chemistry is the business model of
chemical leasing.6 Customers pay in terms
of a service delivered by a chemical prod-
uct, rather than for the product itself. The
company delivering the product, for exam-
ple, a specific solvent, remains the owner
and takes back any used or unused product.
This way, the customers’ and company’s in-
terests are aligned to reduce the amount of
product exchanged, offering economic ad-
vantage for both sides while minimising
the use of resources and potential adverse
effects of the chemical product. 

Two other examples, highlighting the
potential of chemical innovations to con-
tribute to sustainable development, are the
products developed by the winners of the
2018Elsevier Foundation Green and Sustain -
able Chemistry Challenge7. They utilize lo-
cal natural waste products (i.e., Guava leave
extracts for food preservation in Nepal, or

The Concept of Sustainable Chemistry
The need for a comprehensive framework
for chemistry in the context of sustainabil-
ity resulted in the concept of “sustainable
chemistry”, with the OECD as well as the
German Chemical Society being among
the first to use the term. The OECD defi-
nition of sustainable chemistry, however,
is not much different from the twelve prin-
ciples of green chemistry.5A more integra -
tive way of describing sustainable chemis-
 try might be as a guiding principle for sus-
tainable development aiming to shift the
basis of added value in the chemicals sec-
tor from compound or product-centred to
service- and function-oriented (Blum et al.
2016, Kümmerer 2017). Moving the func-
tion and service offered by chemical prod-
ucts into the centre instead of the chemical
product itself allows including non-chemi-
cal approaches to secure this function.
This perspective of “chemistry for what and
for whom” provides the basis to include to -
tal resource, substance, materials and prod -
uct flows as well as ethics and social aspects
into the operations of chemical production
(Kümmerer and Clark 2016, Kümmerer
2017). When a chemical approach is select -
ed for a desired service or function, it should
be pursued following the principles of green
chemistry and green engineering (Küm -
me  rer 2017). 

All Dimensions of Sustainability
Importantly though, also the choice of the
chemical approach requires a careful as-
sessment, as there is no common agree-
ment on how many principles have to be
fulfilled for a molecule or a pro cess to qual-
ify as “green” and how different principles
are to be weighed against each other. And
even if a chemical meets these principles,
it is not necessarily sustainable, a provoca-
tive example being chemical war fare agents
manufactured in compliance with green
chemistry (Klapötke and Holl 2001). 

Sustainable chemistry requires a thor-
ough analysis along all dimensions of sus-

fish bone as a source for phosphate fertil-
izer in Senegal) to address local problems
of food security and create workplaces. Fur-
thermore, these are examples for how lo-
cal material flows can be induced instead
of global ones, allowing for a better assess -
ment of resource availability in the long run. 

In 2015, the UN adopted the 2030 Agen-
da for Sustainable Development with up to
14 of its 17 Sustainable Development Goals
(SDGs) requiring an active role of chemis -
try for their achievement. The agenda re-
quires a new way of systems thinking for
the chemicals sector centred around the
service of chemical products, in order to
support SMCW, make better use of natu-
ral resources and address social and ethi -
cal issues.  

The International Sustainable Chemistry
Collaborative Centre (ISC3)
The International Sustainable Chemistry
Collaborative Centre (ISC3) was established
in May 2017 by the German Federal Min-
istry for the Envi ronment, Nature Conser-
vation, Building and Nuclear Safety (BMU)
as a contribution to the international trans-
formation towards sustainable chemistry8.
As an independent institution, the ISC3 is
a catalyst for sustainable chemistry and con-
nects stakeholders from the private sector,
science and research as well as civil socie -
ty and politics. It fosters sustainable inno-
vation by promoting research, new business
ideas and start-ups in developing countries
and emerging markets as well as in indus-
trialized countries. ISC3 is headquartered
in the UN City Bonn, and has an Innovation
Hub at DECHEMA (Gesellschaft für Che -
mische Technik und Biotechnologie) in
Frankfurt and a Research & Education Hub
at the Leuphana University of Lüneburg. 

5 For details see www.oecd.org/chemicalsafety/risk-management/sustainablechemistry.htm.
6 For details see www.chemicalleasing.org.
7 For details see www.elsevier.com/connect/guava-leaves-as-preservatives-fish-bones-as-fertilizer-creative-ideas-for-a-sustainable-future.
8 www.isc3.org

The limits of ecosystems to cope with the adverse effects
of chemical products call for broader approaches … 
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The ISC3 Headquarters 

Global policy issues which are the back-
bone to promote sustainable chemistry
world wide are led by the ISC3 headquar-
ter. It cooperates closely with UNEP in ad-
vancing the global dialogue on sustainable
chemistry. Moreover, in a global scenario
process covering work streams such as Sus-
tainable Chemistry & Climate Change, Sus-
tainable Chemistry & Buildings and Living,
Sustainable Chemistry & Mobility as well as
Circular Economy and Digitalization (Chem-
istry 4.0), experts will be invited to debate
on how sustainable chemistry affects our
future: what kind of chemical knowledge,
services, products and production process-
es do we need to shape a sustainable fu-
ture? What are the needs and up-coming
issues of different regions related to chem-
istry? What are the societal, economic and
political implications of sustainable chem-
istry? In what areas are chemical innova-

tions key to achieving the SDGs? These
scenario-based discussions offer an oppor -
tunity for civil society to voice expectations
and concerns, help industry representatives
to refine strategies and investments, as well
as provide input to policy makers for shap-
ing regulatory frameworks and instruments.

The ISC3 Innovation Hub

Innovative solutions to combat pollution in
the areas of mobility, energy, urbanisation,
and agriculture very often originate in the
chemical sector, its research community
and in start-up companies. Examples are
the replacements for fossil fuels, new ener-
gy storage systems and new construction
and insulation materials. However, innova -
tive solutions involving green and sustain-
able chemistry do not find their way easi-

ly to the market. The ISC3 Innovation Hub
is therefore initiating a global start-up ser -
vice and network to identify and support
start-up companies in the developed as well
as in the developing countries. The service
will provide communication support, net-
work events, trainings and access to inves -
tors. Starting from R&D projects, the ISC3

Innovation Hub will catalyse technology
transfer from science to industry and to the
developing countries. Moreover, the hub
will support potential entrepreneurs by eval-
uating innovative approaches. An interna -
tional Innovation Award will shine the light
on outstanding projects all over the world,
providing both an incentive and a showcase
for the best innovations in the field of sus-
tainable chemistry.

The ISC3 Research & Education Hub

Complementary to the work of the head-
quarters and the Innovation Hub, the ISC3

Research & Education Hub aims to moni-
tor and assess academic sustainable chem-
istry research. To this end it assesses new
developments in science with respect to
their potential, limitations and possible
pitfalls for sustainable development and
publishes its findings in peer-reviewed sci-
entific journals and study reports. Academ-
ic exchange on these topics is fostered at in-
terdisciplinary international conferences
and workshops organized by the hub, such
as the annual Conference on Green and Sus -
tain able Chemistry9 and the annual Sum-
mer School on Sustainable Chemistry10. 

Alongside its research activities, the ISC3

Research & Education Hub is establishing an
International School for Sustainable Chem-
istry. Study programs will conduct courses
in concepts of sustainable chemistry and

in green chemistry, in environmental chem-
istry and toxicology, circular economy and
product life cycles, recycling, new business
and service models, and international reg-
ulations on chemicals management. It will
scale up knowhow across executives, re-
searchers and practitioners worldwide.

With joined forces, the ISC3 has the capac -
ity to reach out globally to all stakeholders
at their individual levels of expertise, thus
providing the multidimensional scale re-
quired to implement sustainable chemistry. 
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… to reduce resource and product flows and initiate 
a transformation towards a more sustainable use 
of chemistry. 
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