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Enabling policies and action to support innovative solutions

Part IV

About Part IV

Advancing a chemistry that is fully sustainable is dependent on scaling up innovative 
solutions; engaging new actors; and putting in place enabling policies. Innovative 
solutions complement long-standing measures to achieve the sound management of 
chemicals and waste, as discussed in Part III. They are an essential element in achieving 
the sound management of chemicals and waste. While the topics discussed in Part IV 
have been the subject of discussions and action taken at national and international 
level to varying degrees, they have by and large not received the attention warranted 
in the context of chemicals and waste. Opportunities therefore exist to explore their 
role in a beyond 2020 framework.

Relevant enabling policies and actions include education reform; support for 
technology innovation and financing; innovative business models; sustainable 
supply chain management; private sector metrics and reporting; fiscal incentives; 
and the empowerment of workers, consumers and citizens through information and 
participation rights. In exploring these topics, Part IV thus also draws attention to the 
contributions that can be made by a diverse range of actors, including entrepreneurs, 
academics, retailers, policymakers and citizens.
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innovation (Sarathy, Gotpagar and Morawietz 
2017).�

Today�this�situation�is�evolving.�Lower�profits�
from bulk chemicals, recent innovations in 
chemistry and advanced materials, and the 
challenge for the chemical industry to help meet 
the�Sustainable�Development�Goals�(SDGs)�are�
creating new opportunities for chemistry to help 
meet�society’s�needs.�Examples�are�numerous�
and include the following: 

 › Revolutionizing energy storage and battery 
development: Fast-charging solid-state 
batteries, based on chemistry innovations, 
have the potential to revolutionize electric 
mobility.�Not�only�can�they�be�charged�10��
times faster than traditional lithium-ion 
batteries, but they are safer as they cannot 
catch�fire,�are�more�reliable�and�are�longer�
lasting.

Envisioning and shaping the future of 
chemistry
Chapter Highlights

Innovations in chemistry, together with non-chemical alternatives, have 
significant potential to address societal needs and sustainable development 
challenges.

Sustainable chemistry is evolving as a holistic concept that embraces green 
chemistry, and that may serve as a reference for innovations in (or related to) 
chemistry. 

The market for green and sustainable chemistry is growing in all regions, but is 
still modest compared to the overall chemistry market.

The Fourth Industrial Revolution, and digitalization of the chemical industry, 
provide opportunities to advance sustainability in the chemical industry.

A balance is needed between embracing the potential benefits of chemistry and 
recognizing challenges (e.g. the importance of addressing legacies).

1.1 Solutions shaped by chemistry 
are on the horizon

For more than a century the chemical industry 
has led innovations in areas including 
pharmaceuticals, plastics and consumer 
electronics that have transformed the way people 
live�around�the�world.�In�particular,�the�period�
from the 1950s through the 1970s witnessed a 
wave of innovations in chemistry, with dozens 
of new chemicals and compounds discovered 
and�commercialized.�From�1980,�however,�new�
product development slowed down and few 
new�blockbuster�chemicals�entered�the�market.�
During that time the global chemical industry 
focused�on�expanding�to�new�markets,�often�
selling chemicals invented long before such 
as�polyvinyl�chloride�(PVC)�(invented�in�1913),�
polyethylene�(1936)�and�polypropylene�(1954).�
Return on investments from growth in new 
markets was more attractive than the return from 

1/



Chapter  1. Envisioning and shaping the future of chemistry 505

Enabling policies and action to support innovative solutions

Part IV

 › Improving the biodegradability of bio-based 
plastics: Biodegradable plastics, derived 
from agricultural or wood-based biomass, 
are compatible with home and municipal 
composting systems, have less environmental 
impact and can be incorporated into 
composting�infrastructure.�They�can�also�form�
feedstocks for bioenergy and other circular 
economy�applications.

 › Creating sustainable building materials: 
Chemistry plays a key role in creating a 
new generation of sustainable and high-
performing�building�materials.� Examples�
include transparent wood, green concrete, 
wood foam insulation, and earthquake 
resistant�bricks.�

 › Turning carbon dioxide (CO2 ) and wastes into 
chemical feedstocks: Creating feedstocks 
that are not fossil fuel-based from CO2 

using renewable energy not only reduces 
greenhouse� gas� (GHG)� emissions;� it� also�
advances circularity in the chemical industry 
by providing chemical feedstocks that are 
not�derived�from�oil�or�bio-based�materials.

 › Developing “advanced materials”: This involves 
developing�materials�and�modifying�existing�
ones to obtain superior performance in regard 
to one or more characteristics that are critical 
to the application under consideration, such 
as�waterproofing�textiles.�These�materials�
can also have completely novel properties, 
as�seen,�for�example,�in�nanomaterials.

While such opportunities are promising, more 
thorough assessments are needed to obtain a 
full�(or�better)�understanding�of�the�sustainability�
aspects of these innovations, taking into account 
the�criteria�and�tools�discussed�in�Part�III�and�in�
the�remainder�of�this�chapter.

Research across the disciplines of chemistry, 
biology and computer science is particularly 
promising.�The�2018�Nobel�Prize�in�Chemistry,�
for�example,�was�awarded�for�path-breaking�
research on how chemists produce new enzymes, 
leading to new pharmaceuticals and cancer 
treatments�and�less�waste.�Another�promising�
development is the use of advanced software 
and supercomputers to design molecules and 
assess the properties of chemicals, including their 
hazards.�These�developments�have�significant�
potential to advance the sound management 
of chemicals and waste, and to complement 
other measures in order to achieve sustainable 
production�and�consumption.

Chemistry is at the core of future industry 
sectors

The contribution of chemistry to a range of end 
markets�was�presented�in�Part�I.�Some�of�these�
markets are of particular relevance to shaping 
the future of sustainable development – from 
the transportation industry, to the construction 
industry and urbanization, to food and packaging, 
to� waste� management.� For� example,� the�
transportation and construction industries have 
a range of requirements that can be met through 
chemistry�and�sustainable�materials�innovations.�

© NASA/Dimitri Gerondidakis, a thin solid-state battery
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Figure�1.1�shows�how�chemistry�contributes�to�
industries�which�are�expected�to�play�key�roles�
in�the�future.

Innovations also include non-chemical 
alternatives

The concept of non-chemical alternatives 
is receiving wide attention, including by 
international policy bodies such as the United 
Nations� Environment� Assembly� (UNEA),� in�
research and innovation, in the private sector, 
and by non-governmental organizations 
(NGOs).�Although�a�definition�of�the�concept�
of�non-chemical�alternatives�does�not�exist,�
the connotation is that innovations can often 
produce�a�desired�function�or�benefits�without�
an�alternative�synthetic�chemical.�For�example,�a�
retailer�in�Denmark�launched�a�new�fluorinated�
chemicals-free microwave oven popcorn bag 
made from cellulose that is impermeable to fat 
(Stieger�2015).�The�new�product�has�become�
a� commercial� success.� In� the� agriculture�

sector,�the�well-known�concept�of�Integrated�
Pest�Management�(IPM)�promotes�a�range�of�
biological measures to eliminate or reduce the 
use�of�pesticides.�

1.2 Green and sustainable chemistry: 
setting the standard

Lessons learned from innovations in chemistry

Some chemistry innovations, acknowledged 
for their positive contributions to society, were 
recognized�years�later�to�have�unexpected�and�
undesirable�effects�when�additional�knowledge�
became� available.� For� example,� dichloro-
diphenyl-trichloroethane�(DDT)�was�synthesized�
in 1874 and its use spread around the world once 
its�insecticidal�action�was�discovered�in�1939.�
DDT�helps�fight�diseases�such�as�malaria,�yellow�
fever�and�West�Nile�virus.�At�the�time�it�began�
to be used, however, little was known about 

Figure 1.1 Examples of how chemistry contributes to industries expected to play important roles in 
the future (adapted from World Economic Forum [WEF] 2017, p. 7)

Projected growth rates 
for key innovations

Examples of relevant products 
from chemistry and advanced 

materials

Mobility

Electric vehicles Annual sales of electric vehicles
2020: US dollars 4.9 million

Plastics, composites and battery 
technologies

Drones
Market size for drones*
2015: US dollars 10.1 billion
2020: US dollars 14.9 billion

Plastics, composites and battery 
technologies

Mobile and 
smart devices

Smartphones and 
tablets

Mobile devices in use
2015: US dollars 8.6 billion
2020: US dollars $12.1 billion

Substrate, backplane, transparent 
conductor, barrier films and 
photoresists

Flexible displays
(e.g. wearable 
devices, virtual reality, 
TVs)

Market for AMOLED** displays
2016: US dollars 2 billion
2020: US dollars 18 billion

Substrate, backplane, transparent 
conductor, barrier films and 
photoresists

Connectivity and 
computing

High-speed internet
Fixed broadband speed
2015: 24.7 Mbps
2020: 47.7 Mbps

Chlorosilane for ultrapure glass

More efficient and 
smaller integrated 
circuits

Processor logic gate length
2015: 14 mm
2020: 7 mm

Dielectrics, colloidal silica, 
photoresists, yield enhancers and edge 
bead removers

*�Defence,�commercial�and�homeland�security�sectors�**�Active-matrix�organic�LED
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its detrimental impact on human health and 
the�environment.�Similarly,�chlorofluorocarbons�
(CFCs)� enabled� the� use� of� refrigeration� by�
large�populations.�It�was�only�years�later�that�
their damaging impact on the ozone layer was 
understood.�Again,�when�celluloid�was�invented�
to replace ivory billiard balls in the 19th century 
(inspiring the development of further petroleum-
based�plastic�products),� it�would�have�been�
impossible to foresee the vast volumes of plastic 
that would be produced and eventually released 
to�the�environment.

Green and sustainable chemistry as an 
evolving benchmark

As� discussed� in� Parts�II� and� III,� knowledge,�
assessment tools and legislative instruments 
are available and used in many countries, albeit 
not globally, to ensure that new substances 
which may have adverse impacts on health 
and�the�environment�do�not�reach�the�market.�
Furthermore, more detailed criteria are becoming 
available�to�assess�the�extent�to�which�a�chemistry�
innovation is fully compatible with the three 
pillars of sustainable development (economic, 
environmental�and�social).�The�concepts�of�green�
chemistry and sustainable chemistry provide 
promising�guidance�in�this�regard.

The�term�“green�chemistry”�was�first�used�in�the�
early�1990s.�It�gained�momentum�after�it�received�

support by the United States Environmental 
Protection�Agency�(US�EPA)�(Linthorst�2010).�
At�the�end�of�the�1990s�Anastas�and�Warner�
defined�green�chemistry�as�“the�utilization�of�
a set of principles that reduces or eliminates 
the use or generation of hazardous substances 
in the design, manufacturing and application 
of� chemical�products”� (Anastas�and�Warner�
1998).�They�also�proposed�12�Principles�of�Green�
Chemistry�(Box�1.1).�In�a�related�development�
in Europe, similar principles were included in 
the Council Directive on integrated pollution 
prevention and control (European Commission 
[EC]�1996).�Research�related�to�green�chemistry�
has made possible a wide range of developments 
in�the�fields�of�bio-based�chemicals,�renewable�
feedstocks, safer solvents and reagents, atom 
economy,�green�polymers,�and�less�toxic�chemical�
formulations�(Anastas�and�Warner�1998;�Philp,�
Ritchie�and�Allan�2013).�

As�a�spin-off�from�work�on�green�chemistry,�a�set�of�
nine Principles of Green Engineering, now known 
as the Sandestin Declaration, were developed 
in�2003�(Abraham�and�Nguyen�2003).�Green�
engineering goes beyond baseline engineering 
quality� and� safety� specification� to� consider�
broader economic, environmental and social 
factors�(Anastas�and�Zimmerman�2003).�Other�
important developments compatible with green 
chemistry�took�place�in�the�same�period.�They�
include the European Communities Chemistry 
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Council�1993�report�on�“Chemistry�for�a�Clean�
World”, conferences on the concept of Benign by 
Design�(Linthorst�2010),�and�the�development�of�
related concepts such as cleaner processes, safer 
products, and the use of renewable feedstocks 
(Clark�2006;�Mubofu�2016).

While�the�12�Principles�of�Green�Chemistry�are�
widely used and cited, there is no agreement on 
how�many�of�these�principles�must�be�fulfilled�for�
a�molecule�or�process�to�be�qualified�as�“green”�
or�how�the�different�principles�are�to�be�weighed�
against�each�other�(Zuin�2016).�Therefore,�a�
clear benchmark which determines whether 

a� chemical� is� green�does�not� exist.�Despite�
these challenges, a number of accounts are 
available demonstrating how green chemistry 
has�positively�affected�sustainability�in�several�
sectors�(American�Chemical�Society�[ACS]�2019;�
Erythropel et al.�2018).

Towards a more holistic approach: sustainable 
chemistry

The notion of sustainable chemistry was also 
developed in the 1990s, with the Organisation 
for Economic Co-operation and Development 
(OECD)�playing�an�important�role�in�advancing�

Box 1.1 The 12 Principles of Green Chemistry (Anastas and Warner 1998)

1. Prevention: it is better to prevent waste than to treat or clean up waste after it has been created.

2. Atom economy: synthetic methods should be designed to maximize the incorporation of all 
materials used in the process into the final product.

3. Less hazardous chemical syntheses: wherever practicable, synthetic methods should be designed 
to use and generate substances that possess little or no toxicity to human health and the 
environment.

4. Designing safer chemicals: chemical products should be designed to affect their desired function 
while minimizing their toxicity.

5. Safer solvents and auxiliaries: the use of auxiliary substances (e.g. solvents, separation agents) 
should be made unnecessary wherever possible and innocuous when used.

6. Design for energy efficiency: energy requirements of chemical processes should be recognized 
for their environmental and economic impacts and should be minimized. if possible, synthetic 
methods should be conducted at ambient temperature and pressure.

7. Use of renewable feedstocks: a raw material or feedstock should be renewable rather than 
depleting whenever technically and economically practicable.

8. Reduce derivatives: unnecessary derivatisation (use of blocking groups, protection/de-
protection, temporary modification of physical/chemical processes) should be minimized or 
avoided if possible, because such steps require additional reagents and can generate waste.

9. Catalysis: catalytic reagents (as selective as possible) are superior to stoichiometric reagents.

10. Design for degradation: chemical products should be designed so that at the end of their function 
they break down into innocuous degradation products and do not persist in the environment.

11. Real-time analysis for pollution prevention: analytical methodologies need to be further 
developed to allow for real-time, in-process monitoring and control prior to the formation of 
hazardous substances.

12. Inherently safer chemistry for accident prevention: substances and the form of a substance used 
in a chemical process should be chosen to minimize the potential for chemical accidents, 
including releases, explosions, and fires.
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11. Real-time analysis for pollution prevention: analytical methodologies need to be further 
developed to allow for real-time, in-process monitoring and control prior to the formation of 
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including releases, explosions, and fires.

this�concept�(OECD�2012).�The�OECD�has�defined�
sustainable�chemistry�as�“a�scientific�concept�
that�seeks�to�improve�the�efficiency�with�which�
natural resources are used to meet human 
needs for chemical products and services” (OECD 
2018).�According�to�this�perspective,�sustainable�
chemistry encompasses the design, manufacture 
and�use�of�efficient,�effective,�safe�and�more�
environmentally benign chemical products and 
processes.�It�also�stimulates�innovation�across�
all sectors in order to design and discover new 
chemicals, production processes and product 
stewardship practices that provide increased 
performance and greater value, while meeting 
the goals of protecting and enhancing human 
health�and�the�environment.�

More recent discussions on sustainable chemistry 
have�evolved�beyond�a�focus�on�scientific�and�
technical considerations towards a more holistic 
interpretation that takes into account the 
economic, environmental and social dimensions 
of� sustainable� development.� For� example,�
renewable feedstocks promoted by green 
chemistry�may�have�sustainability�trade-offs�
such�as�agricultural�pollution.�While�sustainable�
chemistry embraces green chemistry principles, 

it covers broader considerations including 
(but�not� limited�to)�safe�working�conditions,�
human rights, ethics, new business and service 
models, and other related topics (Kümmerer 
2017).�Sustainable�chemistry�also�emphasizes�
the�role�of�chemistry�in�implementing�the�2030�
Agenda�for�Sustainable�Development�(Blum�et al.�
2017).�A�further�development�of�the�concept�
proposed�by�the�German�Environment�Agency�
takes into account planetary boundaries (German 
Environment�Agency�2016).

Based on a review of the literature and stakeholder 
interviews, a recent study by the United States 
Government�Accountability�Office�(US�GAO)�on�
chemistry�innovation�“identified�several�common�
themes underlying what sustainable chemistry 
strives to achieve, including: 

 › to�improve�the�efficiency�with�which�natural�
resources […] are used to meet human 
needs for chemical products, while avoiding 
environmental�harm;�

 › reduce or eliminate the use or generation of 
hazardous�substances�[…];�

Figure 1.2 Dimensions of a chemical enterprise: towards sustainability (adapted from Hill, Kumar 
and Verma 2013, p. 27) 
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 › protect�and�benefit�the�economy,�people�and�
the environment using innovative chemical 
transformations;

 › consider all life cycle stages, including 
manufacture, use and disposal […] when 
evaluating the environmental impact of a 
product;�and�

 › minimize the use of non-renewable resources” 
(US�GAO�2018).

From a sustainability point of view, a chemical 
enterprise has many interconnected dimensions, 
each of which needs to be considered (Hill, Kumar 
and�Verma�2013).�Some�of�these�dimensions�
are�shown�in�Figure�1.2.�An�assessment�of�the�
sustainability of a chemical enterprise would 
cover a range of factors and all three dimensions 
of� sustainable� development.� It� might� raise�
questions such as: under which circumstances 
could the use of biomass for chemicals and 
biofuel production be a viable alternative to 
the use of fossil sources, taking into account the 
potential economic, environmental and social 
consequences�of�its�use?�or,�to�what�extent�would�
the reduction of vehicles’ CO2 emissions through 
the use of composite materials outweigh the 
environmental impact of the production and/
or future recycling of these materials?

The market potential for green and sustainable 
chemistry

While�differences�still�exist�in�the�characterization�
of green and sustainable chemistry, forecasts have 
been published which predict growing markets 
for�green�chemistry�worldwide.�The�global�green�

chemistry industry was reported to have a market 
value�of�more�than�US�dollars�50�billion�in�2015,�
with the potential to grow to US dollars 85 billion 
by�2020� (Figure�1.3)� (BCC�Research�2016).� It�
has been estimated that the global market for 
green chemistry (including bio-based chemicals, 
renewable feedstocks, green polymers and less-
toxic�chemical�formulations)�will�grow�to�nearly�
US�dollars�100�billion�by�2020�(Bernick�2016).�
While this amount is substantial, it is modest 
compared with total global chemical industry 
sales�of�some�US�dollars�5.7�trillion�(see�Part�I,�
Ch.�1).

Green�chemistry�markets�are�expected�to�show�
growth�in�all�regions,�with�Asia�and�the�Pacific,�
Western�Europe�and�North�America�the�key�
market�growth�regions�(Pike�Research�2011)�
(Figure�1.4).

Forecasts suggest that the growth rate for green 
and safer chemistry products is considerably 
higher than that for conventional products 
(American�Sustainable�Business�Council�[ASBC]�
and Green Chemistry & Commerce Council 
[GC3]�2015).�Tightening�regulations,�and�growth�
in consumer demand for more sustainable 
products – along with the rising costs of fossil 
fuels – all contribute to this trend (BCC Research 
2016).� In� light�of�these�developments,�many�
chemical�companies�see�benefits�in�developing�
sustainable products such as healthier food and 
environmentally�friendly�detergents.�Sustainable�
products thus provide companies with new 
avenues of growth and establish a stronger 
connection with millennials, who are driving 
demand for these products (Bhattacharjee and 
Swamynathan�2017).�

Figure 1.3 Market size of the global green chemistry industry, 2015-2020 (US dollars billion) (based 
on BCC Research 2016)
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International developments: towards a 
common understanding of sustainable 
chemistry

In�2016,�at�the�second�session�of�the�UNEA,�in�
Resolution�2/7�Governments�recognized�the�
concept of sustainable chemistry and initiated 
further�work�by�the�United�Nations�Environment�
Programme�(UNEP),�including�the�development�
of a report on how best practice in sustainable 
chemistry� could� help� achieve� the� SDGs.�
Sustainable chemistry has also been among the 
topics discussed under the intersessional process 
on� the� Strategic� Approach� to� International�
Chemicals�Management�(SAICM)�and�the�sound�
management of chemicals and waste beyond 
2020.�

The�2019�report�prepared�by�UNEP�in�response�
to�that�UNEA�mandate�notes�the�wide�use�of�
the sustainable chemistry concept by various 
stakeholders�around�the�world�(UNEP�2019).�
However, taking into account an analysis of 
submissions of sustainable chemistry cases 
by stakeholders, and the results of a survey of 
SAICM�stakeholders,�the�report�also�notes�that�
a common understanding of the sustainable 
chemistry�concept�does�not�exist�at�the�global�
level.�For�example,�one�open�question�is�the�
extent�to�which�non-chemical�alternatives�are�

within� the� scope� of� sustainable� chemistry.�
Given the interest of a number of stakeholders 
(including�many�from�developing�countries)�in�
understanding and developing the sustainable 
chemistry concept further, the report suggests 
that practical guidance on sustainable chemistry 
be� developed.� Such� guidance� could� be�
complemented�by,�or�include,�a�simple�definition�
of sustainable chemistry or a more elaborate 
definition�if�that�is�considered�valuable.�Such�
work might also further develop the compatibility 
of, and the relationship between, the green and 
sustainable�chemistry�concepts�explored�already,�
for�example�by�Sheldon�(2008),�Kümmerer�(2017)�
and�Anastas�and�Zimmerman�(2018).�Together�
these concepts could be widely promoted, 
inspiring research, policymaking and private 
sector action compatible with, and in support 
of,�the�2030�Sustainable�Development�Agenda.

1.3 Digitalization and the chemical 
industry: opportunities to 
advance sustainability

While in the past there was a focus on the 
invention of new molecules, future innovations 
in chemistry will likely be based on integrated 
solutions�which�are�based�on�digital�technologies.�

Figure 1.4 Global green chemicals market by region (US dollars billion), 2011-2020 (Pike Research 
2011, p. 432)
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Industry� 4.0� (Cisco� 2017;� EC� 2017)� and�
digitalization�will� impact�a�range�of�(if�not�all)�
aspects of the chemical industry: how it innovates 
and�produces;�how�it�conducts�businesses�and�
engages with actors across supply and value 
chains;�and�its�productivity�and�safety.�

Chemical manufacturing operations, in particular, 
are one of the largest and most readily accessible 
areas of opportunity for digitalization, from 

petrochemicals�to�pesticides.�Most�chemical�plants�
continuously generate an enormous amount 
of�data,�but�discard�most�of�them.�Managers�
could collect these data and interpret them in 
order�to�find�ways�to�achieve�higher�yields�and�
throughput, lower energy consumption, reduce 
pollution�and�foster�effective�maintenance.�For�
many companies these are potentially easy wins 
that�could�be�achieved�using�existing�information�
technology�(IT)�and�process�control�systems.�

Figure 1.5 The four industrial revolutions (adapted from Cisco 2017) 
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The�Fourth�Industrial�Revolution�refers�to�a�new�era�in�the�interface�of�industrial�production,�
digitalization and society which impacts a range of aspects of the chemical industry: how it 
innovates�and�produces;�how�it�conducts�business;�how�it�engages�with�actors�across�supply�
and�value�chains;�and�its�productivity�and�safety.�While� in�the�past�there�was�a�focus�on�the�
invention of new molecules, future innovations in chemistry, chemical safety and resource 
efficiency�will�likely�be�based�on�integrated�solutions�that�are�based�on�digital�technologies.�At�
the�same�time,�digitization�may�also�be�associated�with�risks�such�as�possible�cyberattacks.
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Figure 1.5 The four industrial revolutions (adapted from Cisco 2017) 
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New�integrated�technologies�are�also�on�the�rise.�
For�example,�drones�and�robots�have�started�to�
play an important role in agriculture to minimize 
pesticides application, using global positioning 
system�(GPS)-based�systems.

While the chemical industry, according to a 
McKinsey & Company study (Jakobsen et al.�2017),�
has been perceived to lag behind in digitalization, 
the�potential�economic�benefits�are�enormous.�
During�the�next�decade�or�so,�the�digitalization�
of operations and commercial functions in the 
chemical industry has the potential for value 
creation of 4 to 6 per cent (Jakobsen et al. 2017).�
There is potential for companies to achieve a 
3�to�5�percentage�point�improvement�in�sales�
through employing digitalization in production 
operations (Klei et al.�2017).�This�could�unlock�up�
to�US�dollars�550�billion�(WEF�2017)�in�value�in�
the�next�decades.�Other�important�and�related�
benefits�include�lower�GHG�emissions,�reduced�
accident and injury rates, and greater value chain 
transparency�(Cayuela�and�Hagan�2019).

Advanced� analytics,� the� internet� of� things,�
and artificial intelligence can combine 
information from millions of sensors to boost 
not only operational productivity, but also 
energy�efficiency,�emissions�reductions,�and�
environmental�and�safety�performance.�For�
example,�using�drones�and�robots�for�certain�
operations�could�lower�injury�levels.�Ultimately,�
the use of automation across processes and 
supply chains reduces manual interventions 
and paper-based documentation, thereby 
accelerating�productivity�and�safety.�Digitalization�
also�enables�more�rapid�experimentation,�the�
discovery of new materials at lower cost, and 
better understanding of chemicals’ hazardous 
properties�(Figure�1.6).�This�means�eventually�
exploring� the� enormous,� and� currently�
unexplored,�chemical�space�(Kirkpatrick�and�
Ellis�2004)�of�over�1060 conceivable compounds 
and�filtering�it�to�a�manageable�number�that�can�
be synthesized, tested and assessed for meeting 
sustainability�criteria.

Figure 1.6 Overview of the implications of digitalization in the chemical industry (adapted from 
Deloitte and German Chemical Industry Association 2017, p. 14)
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Considering potential trade-offs

While� the�opportunities�of� Industry�4.0� and�
digitalization for the chemical industry are 
significant,�pervasive�and�will�be�long-lasting,�
there�are�also�challenges.�These�include,�for�
example,�cybersecurity,�possible�data�misuse�and�
cybercrimes, as well as accountability challenges 
associated with decentralized production and 
markets.�Digitalization�will�also�require�resources,�
such�as�energy�or�metals�for�hardware.�Ultimately,�
however,� Industry�4.0�and�digitalization�are�
here�to�stay.�They�will�change�the�shape�of�the�
chemical industry from the current interplay 
of energy, materials, molecules and atoms to 
an interplay more focused on atoms and bits 
(Cayuela�and�Hagan�2019).

1.4 Enabling the potential of 
sustainable chemistry innovation

Advances� in� chemistry� are� occurring� in� the�
real�world.�They�will�continue�to�be�one�of�the�
bases on which societies and economies are 
built.�Chemical�substances�and�materials,�and�
their properties, actions and performance, will 
be at the heart of the processes and products 
that�define�our�future.�Innovation�in�chemistry�
(particularly� in�the�fields�of�biotechnologies,�
advanced materials, nanotechnologies, energy 
and�environment),�and�the�growing�global�market�
for sustainable goods and services, are shaping 
the future of the chemical industry and creating 
new�investment�opportunities.�The�industry�is�

in a position to help other sectors achieve their 
most ambitious objectives, from food to energy 
to�resource�security.�Some�leaders�have�already�
emerged�in�these�sectors.�They�see�this�potential,�
and are ready and committed to help address 
sustainability challenges with and through 
chemistry.�

The direction in which chemistry develops 
will depend on new leadership approaches 
in industry, and on how societies can work 
collaboratively with the chemical industry to 
support�its�transformation�to�sustainability.�As�
the industry is subject to public scrutiny and 
demands for transparency and responsibility, 
educating and engaging with the public and 
all�others�to�discuss�the�risks�and�benefits�of�
the chemical industry and its opportunities for 
sustainability�will�be�of�value.�New�metrics�for�
innovation, sustainability and accountability 
are needed, as well as programmes to mobilize 
scientific�talent�to�embrace�green�and�sustainable�
chemistry�and�scale�up�innovation.�Furthermore,�
an ethical, value-driven approach to technological 
progress�in�the�chemical� industry�is�essential.�
For�all�this�to�occur,�it�will�be�paramount�to�find�
a balance in creating a discourse around the 
opportunities provided by chemistry – while 
not�ignoring�its�risks.�Finding�such�a�balance�
will help to address the legacies of the past, 
as well as sustainability, and to mobilize the 
best and brightest minds in science to reap 
potential�rewards.�The�following�chapters�in�
Part�IV�address�these�and�related�opportunities�
to�scale�up�innovative�solutions.
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Green and sustainable chemistry 
education: nurturing a new generation of 
chemists
Chapter Highlights

Green and sustainable chemistry education (GSCE) is gaining momentum 
through its integration into relevant curricula, scientific journals and academic 
conferences.

Despite significant advances in mainstreaming GSCE, major gaps remain in all 
regions.

Institutions and networks are developing an increasing number of relevant tools 
and materials for use at the primary, secondary, tertiary and professional levels.

While green and sustainable chemistry is taught selectively in countries across 
all regions, there is potential to scale up efforts, particularly in developing 
countries.

Barriers to reform exist. They include professional and institutional resistance, 
and a lack of awareness.

Mainstreaming GSCE in curricula at all levels includes disseminating best 
practices, utilizing existing networks, and strengthening partnerships.

2.1 A new way to teach chemistry

From chemistry to green chemistry, and green 
and sustainable chemistry education

Historically,�toxicology�and�concerns�about�the�
protection of human health and the environment 
have received limited attention in chemistry 
classrooms.�However,�a�paradigm�shift�towards�
pollution prevention took place in the second 
half�of�the�20th century, accompanied by growing 
awareness�of� the�adverse�effects�of� certain�
chemicals,�as�also�reflected�in�regulatory�action�
taken.�A�major�milestone�that�can�be�seen�as�
having accelerated the momentum towards 
green�chemistry�is�the�Pollution�Prevention�Act�
adopted�in�the�United�States�(US)�in�1990,�which�

2/

stated that “pollution should be prevented or 
reduced�at�the�source�whenever�feasible”�(US�EPA�
2017).�

Chemistry�education�has�reflected�this�conceptual�
transition�during�the�last�20�years,�and�curricula�
in�many�countries�have�been�revisited�(Anastas�
2015;�Clark�2016).�In�1997�a�doctoral�programme�
on green chemistry was introduced at a 
university�for�the�first�time.�The�early�2000s�saw�
a proliferation of these new ideas, mainly under 
the�label�of�“green�chemistry”,� in�the�scientific�
community�(particularly�in�the�United�States)�
(Cohn�2012).�This�was�demonstrated,�for�example,�
by� the�Green�Chemistry� Institute�becoming�
part�of�the�ACS�(ACS�2019a).�Subsequently�a�
growing number of universities incorporated 
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green chemistry in their curricula, mainly for 
organic synthesis, and gradually incorporated 
the�12�Principles�of�Green�Chemistry�(ACS�2019b)�
in� regular� chemistry� courses.�Despite� these�
advances, the number of schools and universities 
that have integrated green and sustainable 
chemistry�in�relevant�curricula�remains�limited.

Today some elements of green chemistry 
education have been solidly established in 
many universities and are being promoted by 
companies,�governments�and�NGOs�worldwide.�
The�expansion�of� the�12�Principles� to�wider�
dimensions with the label “sustainable chemistry 
education” in university and other curricula is a 
more�recent�phenomenon�(Kümmerer�2017).�
While an increasing number of academic 
institutions have now embraced the concept 
of green chemistry, the concept of sustainable 
chemistry has been introduced less frequently 
(e.g.�at�the�Leuphana�University�of�Lüneburg�in�
Germany).�Thus�there�is�still�significant�potential�
and need to further mainstream green and 
sustainable�chemistry�education�(GSCE).

Green and sustainable chemistry education 
can be introduced in a wide range of 
institutions and curricula 

The concepts and principles of GSCE can feed 
into�education�at�various�levels�and�in�different�
settings, including high schools, universities 

and�professional�education.�GSCE�has�been�
introduced at an increasing number of research 
institutions�and�universities.�Various�institutions�
have also developed tools and materials to allow 
the integration of green and sustainable chemistry 
at high school and even elementary levels 
(e.g.�ACS�2019a;�Beyond�Benign�2019)�in�order�to�
adequately�address�toxicology�in�the�classroom�
(Cannon et al. 2017).�For�example,�in�the�context�
of�the�United�Nations�Educational,�Scientific�and�
Cultural�Organization�(UNESCO)�World�Decade�
of�Education�for�Sustainable�Development�(ESD)�
(2005-2014)�learning�materials�for�secondary�
education and universities were developed 
that addressed topics related to green and 
sustainable�chemistry�(Burmeister�and�Eilks�2012;�
UNESCO�2014;�Zuin�and�Mammino�2015).�There�
is hope that this development will continue in the 
framework�of�the�Global�Action�Programme�on�
Education for Sustainable Development, which 
is the follow-up programme to the Decade of 
ESD�(UNESCO�2018).

Eissen et al.�(2008)�reported�the�development�of�
a new lab course for higher organic chemistry 
education.� Aspects� of� the� efficiency� and�
sustainability�of�reactions,�as�well�as�toxicological�
and�ecotoxicological�knowledge,�were�added�to�
the�teaching�content.�Students�were�encouraged�
to�plan,�set�up�and�reflect�on�organic�laboratory�
activities,�while�taking�into�account�any�effects�
on�people�and�the�environment.

Table 2.1 Sustainable chemistry teaching: laboratory content (adapted from Aubrecht et al. 2015, 
p. 632)

Theme Laboratory topic Primary chemistry concepts Connections to 
sustainability

Environmental degradation Interaction of acid rain with 
minerals

Titrations, neutralization 
reactions, metal ion solubility

Sources and impacts of acid 
rain, ocean acidification, 
mitigation efforts

Energy production Preparation and use of dye-
sensitized solar cells

Semiconductors, doping, 
silicon and dye-sensitized 
photovoltaic cells 

Solar energy, stabilization 
wedges approach to reduce 
greenhouse gas emissions

Green chemistry Synthesis of a biodegradable 
polymer and recycling of 
polyethylene terephthalate 
(PETE)

Polymers, line-angle 
functional groups, infrared (IR) 
spectroscopy

Renewable feedstocks, 
biodegradability, “cradle 
to cradle” design, green 
chemistry

Aubrecht�et al.�(2015)�described�the�content�of�a�series�of�day-long�field�trips�by�high�school�students�to�
a�university�where�chemistry�content�was�connected�with�sustainability�issues.�Experiments�focused�on�
environmental�degradation,�energy�production�and�green�chemistry.
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Table 2.1 Sustainable chemistry teaching: laboratory content (adapted from Aubrecht et al. 2015, 
p. 632)

Theme Laboratory topic Primary chemistry concepts Connections to 
sustainability

Environmental degradation Interaction of acid rain with 
minerals

Titrations, neutralization 
reactions, metal ion solubility

Sources and impacts of acid 
rain, ocean acidification, 
mitigation efforts

Energy production Preparation and use of dye-
sensitized solar cells

Semiconductors, doping, 
silicon and dye-sensitized 
photovoltaic cells 

Solar energy, stabilization 
wedges approach to reduce 
greenhouse gas emissions

Green chemistry Synthesis of a biodegradable 
polymer and recycling of 
polyethylene terephthalate 
(PETE)

Polymers, line-angle 
functional groups, infrared (IR) 
spectroscopy

Renewable feedstocks, 
biodegradability, “cradle 
to cradle” design, green 
chemistry

Aubrecht�et al.�(2015)�described�the�content�of�a�series�of�day-long�field�trips�by�high�school�students�to�
a�university�where�chemistry�content�was�connected�with�sustainability�issues.�Experiments�focused�on�
environmental�degradation,�energy�production�and�green�chemistry.

2.2 Education reform is gaining 
momentum, but significant gaps 
remain across regions

The� extent� to�which�GSCE� has� reached� the�
general public, or has had a large-scale impact 
on behaviour patterns, is still limited (Mammino 
2015;� Beyond� Benign� 2019).� Similarly,� the�
inclusion of green and sustainable chemistry 
in university curricula has in many cases been 
confined� to� events,� summer� schools,� short�
courses,�one-off�activities,�and�the�inclusion�of�
specific�elements�of�GSCE�in�existing�courses�
(Leitner�2004;�Collins�2017).�

There has been momentum in recent years to 
mainstream�GSCE�in�academia.� International�
conferences are also being organized on a 
regular�basis,�including�in�developing�countries.�
Examples�include�the�International�Union�of�
Pure�and�Applied�Chemistry’s�(IUPAC)�annual�
International�Conference�on�Green�Chemistry,�
the�Annual�Green�Chemistry�&� Engineering�
Conference,�the�International�Conference�[on]�
Green and Sustainable Chemistry (the global 
green� chemistry� community);� Elsevier’s� and�
Leuphana�University’s�Green�and�Sustainable�
Chemistry�Conference;�and�the�Asia-Oceania�
Conference�on�Green�and�Sustainable�Chemistry.�
Yet major international chemistry education 
conferences only incorporate green chemistry 
to�a�limited�extent.

A�growing�number�of�academic�journals�focus�
on green and sustainable chemistry, including 
the�Royal�Society�of�Chemistry’s� (RSC)�Green 
Chemistry,�the�ACS’s�Sustainable Chemistry and 
Engineering, VCH-Wiley´s ChemSusChem, and 
Elsevier’s Sustainable Chemistry and Pharmacy 
and Current Opinion in Green and Sustainable 
Chemistry.

In�a�number�of�countries�the�concept�of�green�
– more than sustainable – chemistry has also 

Box 2.1 Examples of universities offering courses in green and sustainable chemistry

City University of Hong Kong (China) 
Federal University of Rio de Janeiro (Brazil)
Federal University of São Carlos (Brazil)
Fudan University (China)
Ghent University (Belgium)
King’s University College (Canada)
Lomonosov Moscow State University (Russia)
McGill University (Canada)
Mendeleyev University of Chemical Technology 
(Russia)
Monash University (Australia)
Nankai University (China)
National University of La Plata (Argentina)
Queen´s University (Canada)
Queen´s University (UK)
Universidad Autónoma de Nuevo León 
(Mexico)

Universidad de Cordoba (Spain)
Universities of Porto and NOVA Lisbon 
(Portugal)
University of Amsterdam (The Netherlands)
University of Bath (UK)
University of Cape Town (South Africa)
University of Delhi (India)
University of Dodoma (Tanzania)
University of Massachusetts, Lowell (US)
University of Nottingham (UK)
University of Oregon (US)
University of Toronto (Canada)
University of Valencia (Spain)
University of Venice (Italy)
University of York (UK)
Yale University (US)
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been integrated in university curricula in the 
form of research programmes, courses and 
master’s� programmes.� Universities� offering�
courses in green chemistry include those 
listed�in�Box�2.1.�Some�of�these�courses�are�
undertaken in partnership with the private 
sector.�Green�chemistry�is�also�taught�in�regular�
courses.�Based�on�an�initiative�of�the�German�
Federal Environmental Foundation, an entire 
laboratory course was developed to teach 

organic chemistry practically, based on ideas 
of�green�and�sustainable�chemistry.�Today�this�
course is available in more than 10  languages, 
including�English,�Spanish�and�Russian�(Network�
Operations�Portal�2018).

Most such initiatives have been taken in developed 
countries�(Gross�2013;�Juntunen�and�Aksela�2014;�
Kennedy�2016),�although�gaps�remain�(Kitchens�
et al.�2006;�Hamidah�et al.�2017).�Yet�an�increasing�

Figure 2.2 Number of papers published on GSCE, 1998-July 2018 (adapted from Clarivate 2018) 
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Figure 2.1 Number of papers published on GSCE, 1998-July 2018, concerning green chemistry 
education or sustainable chemistry education (adapted from Clarivate 2018) 
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Figure 2.2 Number of papers published on GSCE, 1998-July 2018 (adapted from Clarivate 2018) 
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number are emerging in developing countries 
and countries with economies in transition in 
all�regions.�Green�and�sustainable�chemistry�
education appears to be gaining momentum 
in�China,�in�particular�(Wang,�Li�and�He�2018).�
An�analysis�found�that�more�than�1,200�papers�
published in the journal Green Chemistry between 
1999�and�2016�originated�in�China�(Shuang�and�
Yanqi�2018).�The�Indian�Ministry�of�Education�is�
piloting a programme in which all chemists will 
take�a�one-year�course�in�green�chemistry.

The number of papers addressing GSCE has 
grown�in�recent�years.�More�than�300�papers�
are� available� in� the� literature� from� 1998.�
Most address the development of curricular 
materials;�the�assessment�of�student�learning,�
and�attitudinal�outcomes�from�these�curricula;�
and the use of multidimensional green chemistry 
metrics integrating broader societal factors and 
new�pedagogical�approaches.�A�significant�share�
of these papers were published by scholars from 
developing countries or those with economies in 
transition,�such�as�Brazil,�China,�India,�Malaysia�
and�Mexico�(Figure�2.1�and�Figure�2.2).�

Diverse approaches and ongoing reforms 

Depending�on�the�institutional�context,�green�
and sustainable chemistry has been taught 
differently,�with�diverse�approaches,�materials�
and�focuses�(Box�2.2).�Specific�initiatives�have�
also had an impact on behavioural patterns 
in�a�variety�of�communities�(e.g.�progressive�

greening of universities, companies and informal 
educational�institutions)�(Mammino�2015).�

A�variety�of�educational�materials�have�been�
developed to convey the principles of green 
and sustainable chemistry in school chemistry 
education�and�academia�(Eilks�and�Rauch�2012;�
Levy�and�Middlecamp�2015;�Zuin�and�Mammino�
2015;�Welton�et al.�2018).�In�view�of�the�increasing�
attention being given to all three dimensions 
of sustainable development (economic, social 
and�environmental),�academics�have�responded�
by adjusting course content and materials to 
adequately consider the societal factors of 
sustainability� (Burmeister� and� Eilks� 2012;�
Armstrong�et al.�2018).�The�case�has�been�made�
for reconceptualizing GSCE through adjusting 
curricula and methodologies to “foster eco-
reflexive�chemical�thinking�and�action”�(Sjöström,�
Eilks�and�Zuin�2016;�Sjöström�and�Talanquer�
2018).�Integrating�this�dimension�could�enable�
individuals�to�respond�to�complex�challenges,�
in line with the principles of sustainable 
development�(Figure�2.3).�

In�recent�years�momentum�has�been�growing�in�
the chemistry community to incorporate systems 
thinking.�A�number�of�authors�have�underlined�
this need, stressing the opportunities it would 
offer�by�empowering�chemistry� students� to�
innovate�for�a�sustainable�future�(Mahaffy�et al. 
2018).� The� IUPAC,� which� has� a� project� on�
integrating systems thinking into chemistry 
education, notes that such an approach “draws 

©�Monkey�Business�Images/Shutterstock

Box 2.2 Green chemistry and sustainability in professional education and training courses: a case 
study from Brazil

The National Service of Industrial Training, organized and run by industrial entrepreneurs through 
the National Confederation of Industry and state federations, was created to train qualified 
workers for Brazilian industry. Together with the Ministry of External Relations, it operates in 
Cape Verde, Guinea-Bissau, Guatemala, Paraguay, East Timor, Mozambique, Peru, Jamaica, and 
São Tomé and Príncipe. In 2015 the SENAI Green Chemistry Institute Brazil was launched. It is 
committed to increasing general global awareness and capacities for deployable green chemistry 
approaches, aiming at product design and processes that will have global environmental benefits 
throughout their life cycles. Under the umbrella of the UN Industrial Development Organization�s 
(UNIDO) Green Chemistry Initiative, a pilot project will demonstrate that green chemistry works 
for applications on a large scale in the area of bio-based plastics production in Brazil. Other 
studies will look at advancing green chemistry and green engineering technology applications in 
developing countries and those with economies in transition (UNIDO 2018).
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attention�to�a�need�to�balance�the�benefits�and�
impacts of chemical substances and the role they 
play in societal and environmental systems” 
(IUPAC�2018).�Incorporating�systems�thinking�in�
chemistry curricula would thus encourage 
students� to� use� chemistry� as� a� tool� to� find�
solutions�for�global�challenges.

Chemical societies and green and sustainable 
chemistry education networks are advancing 
the integration of green and sustainable 
chemistry in curricula

Strengthening transnational, collective and multi-
sectoral�efforts�towards�a�common�agenda�for�

Figure 2.3 Steps to promote GSCE (adapted from Armstrong et al. 2018, p. 62 and Sjöström and 
Talanquer 2018)
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Figure 2.3 Steps to promote GSCE (adapted from Armstrong et al. 2018, p. 62 and Sjöström and 
Talanquer 2018)
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GSCE – promoted by adequate pedagogical 
approaches�–�requires�the�engagement�of�existing�
networks, putting together champions and 
innovators�in�the�field�(Collins�2001;�International�
Sustainable�Chemistry�Collaborative�Centre�[ISC3]�
2018;�Yale�University�n.d.).�Strategic�partnerships�
and the creation of networks of educators have 
been�identified�as�key�determinants�of�success�
(Haack�and�Hutchison�2016;�Zuin�2016).�

A� number� of� national,� regional� and� global�
networks have been established to advance 
the mainstreaming of GSCE in developed 
and developing countries, such as the Global 
Network�of�Chemistry�Centres�(2016)�and�the�
GC3�(n.d.).�The�GC3�has�a�long-running�project�
to embed green chemistry in academic and 
professional�education.�It�has�also�published�
a Policy Statement on Green Chemistry in 
Higher� Education,� featuring� (among�others)�
a commitment to advance green chemistry 
education�and�research�across�disciplines.

Many national chemical societies have founded 
sections, committees or networks for green or 
sustainable chemistry, including the German 
Chemical�Society�(GDCh),�the�RSC�and�the�ACS,�
which is also implementing a Green Chemistry 
Education Roadmap seeking to address prevailing 
gaps in integrating green chemistry in relevant 
curricula�(ACS�2019c).�In�2017�the�IUPAC�formed�
an�Interdivisional�Committee�on�Green�chemistry�
for�sustainable�development�(Italian�National�
Committee�for�IUPAC�of�the�National�Research�
Council�of�Italy�2016).

2.3 Overcoming barriers: key 
determinants of effective 
educational reform

Implementing green and sustainable 
chemistry education in developing countries

Making current chemistry practice green and 
sustainable is a relatively new concept in some 
countries, but one which is especially important 
to�developing�countries.�The�current�curricula�
for the education of chemists and engineers in 
those countries barely considers environmental 

sustainability�as�a�component.�This�makes�it�
difficult� to� develop� a� consciousness� of� the�
implications of synthetizing chemicals with 
multiple applications, while also considering 
the�life�cycle�of�chemicals�and�their�final�fate�
in�the�environment�(Barra�and�González�2018).�

Currently a number of countries face 
several challenges regarding the design and 
implementation of GSCE, among which is a 
lack of scientists considering corresponding 
approaches.�This�is�a�barrier�to�awareness-raising�
by new professionals and scientists sensitized 
to�addressing�the�issue.�The�language�barrier�
with respect to the international literature 
might be a further hurdle for implementation 
of� GSCE� in� certain� countries.� To� date,� few�
universities�are�proactively�addressing�the�issue.�
Current curricula for chemists and engineers 
in many universities provide limited room for 
green chemistry principles and practices or 
sustainability�issues.�For�example,�there�is�a�need�
to strengthen education in chemical synthesis 
and green chemistry principles to address 
molecular design and minimize impacts ab initio 
(i.e.�starting�from�the�beginning),�in�addition�to�
a pursuit of material innovation including online 
pedagogical platforms and virtual activities (Haley 
et al.�2018).�

Educating a new generation of chemists for 
the private sector 

Embedding green and sustainable chemistry 
in academic and professional education across 
supply chains can contribute to building 
communities with a strong understanding of 
the chemistry, product design and sustainability 
nexus.�Many�initiatives�prioritize�the�education�of�
teachers�and�lecturers,�as�they�can�influence�the�
knowledge and opinions of present and future 
generations�(Karpudewan,�Ismail�and�Roth�2012;�
Beyond�Benign�2019;�GC3�n.d.).�

Mainstreaming GSCE not only into chemistry 
and engineering departments, but also into 
business and law schools, public administration 
and companies will be critical given these 
stakeholders’ role in establishing, assessing and 
implementing�technological,�economic,�financial�
and�fiscal�activities�and�policies�(Box�2.3).�Some�
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professional education programmes geared 
towards green management have been described, 
demonstrating that employees’ attitudes to 
green management approaches became more 
positive and motivated through participating 
in new green management activities (including 
education�programmes�for�other�partners)�(Lee�
2009;�University�of�Oregon�2018).�

Overcoming professional and institutional 
resistance 

The barriers to successful implementation of 
GSCE�are�significant�and�are�quite�similar�globally.�
Lack�of�cultural�and�institutional�openness�to�
change, or professional conservatism, have 
been�identified�as�critical�obstacles�(Vallée�2016).�
According�to�Matus�et al.� (2012),�corroborated�
by recent research conducted with leaders in 
several�sectors�worldwide,�a�complex�set�of�
interconnected issues act as barriers to the 
effective�implementation�of�GSCE�and�wider�
sustainability�considerations.�Most�of�these�fall�
into the categories of inertia and resistance 
related�to�organizational�and�cultural�change;�
insufficient financial, social and economic 
support;�and�lack�of�knowledge�about�green�
and�sustainable�chemistry�among�staff.�Another�
challenge�identified�in�the�literature�is�the�absence�
of�the�use�of�harmonized�and�clear�definitions�

and metrics by academia and decision-makers 
(Matus et al.�2012).�

Despite these challenges, a number of 
opportunities� exist.� Several� stakeholders,�
including� industry,� academia,� NGOs� and�
policymakers, can make an important 
contribution by facilitating a shift in focus 
towards the design and use of safer chemicals 
and�sustainable�production�processes.�A�number�
of local case studies have demonstrated the 
successful integration of green and sustainable 
chemistry,� including�in�the�private�sector.� In�
addition, a number of strategies, including 
distance learning with both blended and face-
to-face approaches, have shown that there are 
a�range�of�opportunities�to�overcome�identified�
gaps, including transdisciplinary research and 
teaching,�Industry�4.0�and�big�data�systems�(Zuin�
and�Mammino�2015;�Ellen�MacArthur�Foundation�
2017).�Moreover,�tools�have�been�developed�to�
assist universities in assessing how well their 
curricula address sustainable development, 
as a means of identifying opportunities to 
capture sustainability issues in a more strategic 
manner�(Lozano�and�Watson�2013).�Holme�and�
Hutchison�(2018)�describe�the�establishment�of�
an overarching learning outcome for chemistry 
courses,� noting� that� both� the� benefits� and�
hazards�of�chemicals�could�trigger�change.�

Box 2.3 The CHEM21 online learning platform (CHEM21 n.d.)

Regarding continuing professional development, 
the CHEM21 (n.d.) online platform established 
by the EU IMI CHEM21 project (Chemical 
Manufacturing Methods for the 21st Century 
Chemical Industries) was designed to provide a 
broad range of free, shareable and interactive 
educational and training materials to promote the 
uptake of green and sustainable methodologies 
in the synthesis of pharmaceuticals. Interactive 
elements include multiple choice quizzes with 
instant feedback, and downloadable problem-
solving exercises (which can be carried out 
individually, or in groups, in a workshop setting) 
to encourage critical thinking on topics such as 
metrics, solvent selection and process safety 
(Summerton, Hurst and Clark 2018). 
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Box 2.3 The CHEM21 online learning platform (CHEM21 n.d.)

Regarding continuing professional development, 
the CHEM21 (n.d.) online platform established 
by the EU IMI CHEM21 project (Chemical 
Manufacturing Methods for the 21st Century 
Chemical Industries) was designed to provide a 
broad range of free, shareable and interactive 
educational and training materials to promote the 
uptake of green and sustainable methodologies 
in the synthesis of pharmaceuticals. Interactive 
elements include multiple choice quizzes with 
instant feedback, and downloadable problem-
solving exercises (which can be carried out 
individually, or in groups, in a workshop setting) 
to encourage critical thinking on topics such as 
metrics, solvent selection and process safety 
(Summerton, Hurst and Clark 2018). 

The need to bring together policymakers, 
scientists and the private sector 

Public support for green and sustainable 
chemistry requires a broader societal education 
in which stakeholders should be considered, 
including chemical producers, entrepreneurs, 
environmental � just ice� groups, � NGOs,�
downstream businesses, consumers, workers 
and�professional�associations.�While�motivated�
educators are necessary for the process of 
curriculum�greening,�they�are�not�sufficient.�
It�has�been�observed�that�this�process�can�be�
significantly�influenced�by�other�constituents�
which can support them, providing resources 
such as educational materials and case studies 
(Centi�and�Perathoner�2009;�Vallée�2016).�For�
example,�the�ACS�has�been�identifying�tools�to�
support work carried out in teaching laboratories, 
additional curricular materials for teachers, 
local government resources, and links to online 
networks,�essentially�for�the�United�States�(ACS�
2019c).�More�recently,�a�new�initiative�to�screen,�
assess, develop and apply international study 
programmes for sustainable chemistry education 
has�been� launched:� the� ISC3-Research�Hub�
aims�to�offer�scientific�courses�on�a�global�level�
involving,�for�example,�universities�and�public�
authorities, especially in developing countries 
and countries with economies in transition, in 
order to promote correlated programmes in 
their�institutions�(ISC3�2018).

2.4 Potential measures to scale up 
green and sustainable chemistry 
education

Building�on�existing�initiatives,�further�efforts�are�
needed at all levels to mainstream green and 
sustainable chemistry education into chemistry 
and other education curricula and teaching, 
including gathering and disseminating best 

practices and forging new and strengthened 
partnerships.�Taking�into�account�the�preceding�
analysis, stakeholders may wish to consider the 
following measures to further advance green 
and sustainable chemistry education:

 › Develop appropriate local and global 
programmes for GSCE, and define 
fundamental pedagogical content, objectives, 
methods�and�evaluation�processes.

 › Gather and disseminate best practices for 
integrating GSCE in chemistry and other 
curricula�at�secondary,�higher�(university)�
and�technical�educational�levels.

 › Scale up the training on GSCE of teachers and 
lecturers�across�all�educational�levels.

 › Enhance funding and cooperation, including 
through�existing�GSC�networks,�to�further�
promote and implement GSCE in developed, 
developing�and�transition�economies.

 › Embed GSCE as a critical element of wider 
education reform, including through strategic 
collaboration with programmes such as 
the� UNESCO� Education� for� Sustainable�
Development�initiatives.

 › Engage stakeholders from all sectors in the 
development�and�implementation�of�effective�
strategies for GCSE, in order to prepare 
students to address global sustainability 
challenges.

 › Further mainstream GSCE in professional 
education, including through public-private 
partnerships.

 › Further advance a common understanding 
of green and sustainable chemistry concepts, 
including�in�the�context�of�education.
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Strengthening sustainable chemistry 
technology innovation and financing
Chapter Highlights

Opportunities exist to scale up problem-solving oriented research and innovation 
in chemistry and related disciplines to support implementation of the 2030 
Agenda for Sustainable Development.

Public research agendas, funding, and catalysing of support play important roles 
during early stages of the innovation process, as does private sector support.

To achieve the potential of chemistry start-ups to accelerate green and 
sustainable chemistry innovation, effective support mechanisms and innovative 
funding are important.

Engaging the financial services industry is important, but so far this source has 
not been fully tapped.

Collaborative innovation promises to focus research on problem solving by 
bringing together research institutions, the private sector, government and civil 
society.

An effective enabling environment for collaboration, including policies and 
incentives that nurture and do not stifle innovation, improves chances for 
successful outcomes.

Significant�opportunities�exist�for�innovation�
in chemistry to help achieve the development 
goals�and�targets�in�the�2030�Agenda�for�

Sustainable�Development.�The�problems�are�
diverse�and�challenging.�To�address�climate�
change, energy supply and resource scarcity, 
for�example,�the�functionality�of�chemicals�and�
new�materials�is�crucial.�Yet�chemistry�innovation�
is�complex�and�requires�considerable�resources�
and technical infrastructure, often more so than 
in�other�sectors�such�as�IT.�Laboratory�equipment�
is�costly,�as�are�staffing,�safety�measures,�waste�
treatment�and�other�infrastructure�needs.�In�the�
previous chapter the essential role of science and 
chemistry�education�was�underlined.�But�what�
else is needed to drive innovation?

3/

3.1 Opportunities and challenges 
in strengthening sustainable 
chemistry innovation

From basic research to research that solves 
societal challenges

Future research in chemistry, if undertaken 
to meet societal challenges, needs to be 
directed� specifically� towards� that� goal.� This�
type of research may be fostered through 
the development research agendas of public 
and private actors, ideally together, that 
support� implementation�of�the�2030�Agenda�
for�Sustainable�Development.�The�European�
Technology Platform for Sustainable Chemistry 
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(SusChem),�for�example,�is�a�forum�which�brings�
together industry, academia, policymakers and 
wider society to establish research priorities 
directly� linked�to�the�2030�Agenda�(SusChem�
2017).

There� are� many� examples� of� innovations�
in chemistry that have not led to green and 
sustainable�products.�It�is�thus�important�for�the�
actors engaged in research and innovation to take 
into account the guiding principles associated 
with green and sustainable chemistry and life 
cycle�thinking.�For�example,�start-up�incubators�
and accelerators and funding mechanisms may 
integrate sustainability criteria in their selection 
process, in addition to economic viability criteria, 
especially�if�research�is�co-financed�by�public�
entities.� In�this�context�all�actors�concerned�
can�benefit�from�interacting�with�end�users�and�
communities before developing start-ups that 
seek social use of new technologies or products, 
especially in sectors such as agriculture or 
sustainable�mining.

The ecosystem for sustainable chemistry 
research and innovation

Chemistry research and innovation take 
place� in� a� broader� innovation� system.� An�
innovation ecosystem includes diverse actors 
and� complex� relationships.� It� also� includes�
institutions� (e.g.�research� and� educational�
institutions, businesses, investors, centres of 
excellence,�funding�agencies�and�policymakers).�
This ecosystem requires material resources 
(e.g.�funds,�equipment�and�facilities),�as�well�
as human resources including students, 
faculty,�staff,�industry�researchers�and�industry�
representatives� (Jackson� 2011).� Figure�3.1�
introduces the elements of the innovation 
ecosystem.�

The technology innovation chain 

The technology innovation process consists of 
three basic stages: invention, innovation and 
diffusion�(Schumpeter�1954).� Invention�refers�
to�the�development�of�an�idea;� innovation�is�
the stage at which an invention is turned into 

Figure 3.1 Innovation ecosystem model (adapted from Ryzhonkov 2013)
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a new product or process and brought onto 
the�market;�and�diffusion�or�dissemination�is�
the stage at which the new product or process 
obtains�a�larger�market�share.�Figure�3.2�presents�
a slightly more detailed representation of 
the technology innovation process, including 
five� stages:� basic� research;� research� and�
development;� demonstration;� deployment;�
and�commercialization.�This�figure�also�features�
elements and actors in the broader innovation 

ecosystem.�Within�the�system�there�are�several�
underlying�forces�at�play.�They�include�a�push�
force driving innovation through the research 
sector, and a pull force driving innovation 
through consumer preferences, market trends 
and� government� policies.� As� the� research�
and innovation process advances towards 
commercialization, the role of research bodies 
and public investment decreases while that of 
the�private�sector�increases.

Figure 3.2 Technology innovation chain and key enabling factors (adapted from International 
Energy Agency 2008, p. 170)
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Figure 3.2 Technology innovation chain and key enabling factors (adapted from International 
Energy Agency 2008, p. 170)
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Technology readiness measuring systems and 
the Valley of Death

Throughout the innovation chain, decision 
moments�(or�gates)�are�built� in�to�assess�the�
status of the innovation and determine conditions 
for�next�steps.�A�Technology�Readiness�Level�
(TRL)�measuring�system�has�been�developed�to�
help measure the promise, maturity and usability 
of�a�new�technology.�Created�originally�by�the�
National�Aeronautics�and�Space�Administration�
(NASA)�in�the�United�States�(NASA�2012),�it�consists�
of nine levels, starting with the idea and basic 
principles and ending with successful mission 
and�commercial�application.�To�address�specific�
needs, several institutions, venture capitalists 
and companies have developed complementary 
systems such as the Manufacturing Readiness 
Level,�the�Commercial�Readiness�Index�and�the�
Investment�Readiness�Level.

Many technology innovation initiatives are 
discontinued due to lack of resources, particularly 
at the stage of technology demonstration and 
development.�The�“Valley�of�Death”�is�the�gap�
between the “research economy” (a product 
of academic research and industry-academia 
cooperation)�and�the�“commercial�economy“,�
which transforms the research outcomes 
into�commercially�viable�products�(Figure�3.3)�
Strategies�and�approaches�to�fill�the�resource�

gaps�between�stages�4�(technology�validation)�
and� 7� (demonstration� in� the� real� world)�
include:�1)�extending�the�availability�of�research�
resources to later stages of development, 
e.g.�by� incentivizing� academic� champions;�
2)�earlier� commercial� investment� through�
reducing�perceived�risks,�e.g.�by�prototyping,�
or brainstorming dialogues with investors on 
nascent�technologies�and�potential�capabilities;�
and�3)�infrastructure�investments�designed�to�
benefit�the�environment�as�a�whole,�e.g.�through�
rapid prototyping of infrastructure, lowering 
start-up entry costs, and increasing successful 
attempt�rates�(Jackson�2011).

3.2 Key actors in advancing 
sustainable chemistry innovation 

Universities/research institutions 

Universities and other knowledge-generating 
bodies advance fundamental research on 
chemistry.�Universities�mainly�carry�out�chemical�
science and engineering research from curiosity-
driven, problem-based, empirical, theoretical 
and� (nowadays)� also� computational� angles.�
Sustainability chemistry research links the 
chemistry and engineering sciences, bridges 
curiosity-driven understanding and solving of 

Figure 3.3 Stage of technology readiness and the Valley of Death (adapted from EC 2012, p. 18; 
Coyle 2011, p. 11)
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hard problems, and brings in perspectives from 
other�research�disciplines�such�as�toxicology,�
sociology�and�business�(Whitesides�2015).

Universities�no�longer�confine�themselves�to�
the traditional roles of teaching and research, 
but are increasingly engaging in entrepreneurial 
and�business�activities.�They�are�expanding�their�
roles by leveraging from fundamental research 
to entrepreneurial activities as “entrepreneurial 
universities”� (Clark� 1998;� Etzkowitz� 2002;�
Mirowski�and�Sent�2007;�Etzkowitz et al.�2008)�
or “third generation universities” (Wissema 
2009).�In�this�case,�universities�are�understood�
to be nucleuses for problem-solvers, inventors 
and entrepreneurs which are not only creating 
professionals�(first�generation�universities),�or�
professionals and scientists (second generation 
universities),�but�professionals,�scientists�and�
entrepreneurs�(EC�and�OECD�2012).�Examples�
of activities closely related to entrepreneurship 
are patenting, licensing and the establishment 
of�start-up�support�systems,�including�spin-off�
venture formation (Klofsten and Jones-Evans 
2000).�This�development�is�attributed�to�the�
pressure�exerted�on�universities�to�commercialize�
their� research�findings� in�order� to�generate�
revenue which will cover some operating costs, 
including�those�of�research.

The chemical industry 

The chemical industry often carries out capital- 
and engineering-intensive applied research and 
development required for the commercialization 
of�products�or�services�(Whitesides�2015).�It�also�
fosters innovation contributing to sustainable 
development�across�sectors�and�regions�(e.g.�in�
the health and well-being, packaging, energy, 
mobility�and�other�sectors)�(International�Council�
of�Chemical�Associations�[ICCA]�2017;�WEF�2018).�

University-industry links are contributing 
significantly� to� innovation.� In� the� field� of�
chemistry several innovations have been 
(co-)invented� and/or� developed,� including�
heterogeneous catalysis, the synthesis of 
monomers and production of polymers, 
small-molecule pharmaceutical chemistry, 
organometallic chemistry, electrochemistry and 
energy storage, materials science and surface 
science�(Whitesides�2015).�Direct�private�sector�
support�for�universities�may�include,�for�example,�
research funding, training partnerships and 
technical�service�contracts�(Malairaja�and�Zawdie�
2008).�Strong�industry-university�partnerships�
could generate complementary strategies for 
technology development and commercialization, 
thereby reducing the market risk and optimizing 

Box 3.1 Recommended actions for universities in low- and middle-income countries facing the 
challenge of transforming themselves into third generation universities

To strengthen universities in low- and middle-income countries in becoming “third generation 
universities”, a number of actions have been identified by the UN Economic Commission for 
Europe (UNECE) and the UN Economic and Social Commission for Asia and the Pacific (ESCAP) 
(UNECE 2012). They include: 1) the preparation of plans to increase the contribution to innovation 
made by top research universities, based on a detailed assessment of existing constraints and 
possibilities; 2) the possible merging of existing research institutes with universities, as a result of 
a rating exercise that would take into account potential and existing synergies, complementarities 
between research programmes, and access to human and material resources; 3) the organization 
of centres of scientific and educational excellence in leading research universities, which would be 
appropriately equipped for the creation of high-level technology and encourage the involvement 
of students, among other actions identified.



Chapter  3. Strengthening sustainable chemistry technology innovation and financing 529

Enabling policies and action to support innovative solutions

Part IV

Box 3.1 Recommended actions for universities in low- and middle-income countries facing the 
challenge of transforming themselves into third generation universities

To strengthen universities in low- and middle-income countries in becoming “third generation 
universities”, a number of actions have been identified by the UN Economic Commission for 
Europe (UNECE) and the UN Economic and Social Commission for Asia and the Pacific (ESCAP) 
(UNECE 2012). They include: 1) the preparation of plans to increase the contribution to innovation 
made by top research universities, based on a detailed assessment of existing constraints and 
possibilities; 2) the possible merging of existing research institutes with universities, as a result of 
a rating exercise that would take into account potential and existing synergies, complementarities 
between research programmes, and access to human and material resources; 3) the organization 
of centres of scientific and educational excellence in leading research universities, which would be 
appropriately equipped for the creation of high-level technology and encourage the involvement 
of students, among other actions identified.

resources for the creation of commercially viable 
product (Edmondson et al.�2012).

The financial services industry

The�financial�services�industry�is�of�importance�in�
shaping�investments�and�innovation.�Experience�
in areas such as climate change has shown 
that it plays a decisive role in accelerating (or 
slowing)�the�transition�towards�sustainability.�
Actors�in�the�financing�sectors�which�affect�the�
sustainability of chemistry-related innovation 
include�both�public�finance�entities�(e.g.�national/
regional or multilateral development banks, 
export�credit�agencies,�government�enterprises/
utilities)�and�private�finance�entities�(e.g.�pension�
funds, sovereign funds, mutual funds, insurance 
companies, hedge funds, banks, company capital 
expenditure).�

The insurance sector, one of the world’s largest 
investors, can endeavour to ensure that its direct 
investments contribute to sustainable chemistry 
innovation.�In�the�banking�sector�lending�decisions�
can direct funding towards sustainable projects 
and�technologies.�Similarly,�cutting�finance�for�
destructive practices and companies can play an 
important role in steering the chemical industry 
and�its�downstream�users�towards�sustainability.�
Institutional� investors�can�exert� influence�by�
redirecting their investments towards more 
sustainable practices and companies, and using 
their�influence�as�shareholders�to�demand�that�
companies�act�sustainably.

Governments

Governments play an important enabling 
role�in�fostering�chemical� innovation�(UNECE�
2012;�United�Nations�Economic�Commission�
for�Africa�[UNECA]�2016a;�UNECA�2016b)�and�
helping correct market failures to produce 
innovation.�Governments�may�provide�financial�
incentives,�finance� infrastructure�or�directly�
finance� innovation�projects� (Lopes�da�Silva,�
Baptista� Narcizo� and� Cardoso� 2012).� They�
may also ensure that innovation barriers are 
removed�by�stimulating�the�demand�side�(UNIDO�
2017).�Government�can�play�a�particular�a�role�
in fostering sustainable chemistry innovation 
through national industrial policies or national 

programmes.�These�functions�are�in�line�with�
the perceived role of government as a facilitator 
providing enabling instruments and favourable 
conditions,�rather�than�making�specific�choices�
and�declarations�(UNECE�2012;�UNECA�2016a;�
UNECA�2016b).�

Other actors

NGOs�and�the�general�public�have�traditionally�
not been engaged in research or been recognized 
as� stakeholders� in� the� innovation� process.�
However, it is now recognized that these 
groups�can�make�a�significant�contribution.�For�
example,� innovation-focused�dialogue�among�
stakeholders may be undertaken in developing 
new regulatory frameworks or as a response 
to�awareness-raising�of�NGOs.�This�approach�
requires new interaction channels, but may bring 
in new sustainable chemistry considerations to 
implement�the�SDGs�(WEF�2018).

3.3 Profiting from the potential of 
sustainable chemistry start-up 
companies

The importance of chemistry start-ups for 
sustainable development

Start-up companies, including those focusing 
on sustainable chemistry, play an important 
role in contributing to sustainable economic 
development� (US�GAO� 2018;� WEF� 2018).�
Where they attain their growth ambitions, 
they�contribute�significantly�to�innovation�and�
the creation of jobs and wealth in the larger 
economy.�Start-ups�invest�heavily�in�R&D�and�are�
more�likely�to�export�their�goods�and�services�
(Storey�1994;�Baldwin�et al.�1995;�Kirchhoff�et al. 
2007;�Wu�and�Atkinson�2017).�If�they�are�created�
as international new ventures, they can also 
act as catalysts for technology transfer across 
regions and value chains (Oviatt and McDougall 
2005).�Similarly,�they�have�the�potential�to�apply�
specific�local�knowledge�that�is�relevant�in�less�
developed�parts�of�the�world.�

Sustainable chemistry start-ups play an 
important�role�in�scaling�up�chemistry�innovation.�
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They develop new, potentially disruptive ideas 
and attempt to put innovative products on 
the� market.� Breakthrough� technologies� in�
sustainable�chemistry�have�significant�market�
potential and could transform how the industry 
perceives performance, function and synthesis 
(ASBC�and�GC3�2015).�

Sustainable chemistry start-ups are based in 
many�countries.�An�example�of�a�collaborative�
start-up�network�is�the�GC3�Start-up�Network�in�
North�America�(GC3�n.d.a).�The�winners�of�the�
2018�Elsevier�Foundation�Green�and�Sustainable�
Chemistry�Challenge,�for�example,�from�Nepal�
and�Italy,�developed�novel�approaches�to�sourcing�
guava�leaves�and�fish�bones�in�order�to�create�
new preservatives and fertilizers (Elschami and 
Kümmerer�2018).�Other�examples�of�sustainable�
chemistry start-ups recognized internationally 
include: 

 › an�Indonesian�start-up�that�uses�seaweed�
in the production of plastic-free packaging 
(Langenheim�2018);

 › starts-ups from Peru and Singapore that 
use nanotechnology-empowered water 
purification�filters�(OECD�2016);�and�

 › a Kenyan start-up that is providing alternative 
building materials and products made from 
recycled�plastics�(Mbaka�2018).�

Challenges of chemistry start-ups 

Start-ups active in the area of chemistry, including 
those working on sustainable chemistry, face 
challenges.�Difficulties�may� occur� in� regard�
to securing access to finance, marketing, 
partnerships, commercialization, and access 
to� research� infrastructure.�Other�difficulties�
include high costs and logistical challenges in 
feedstock supply, capital requirements to build a 
commercial scale plant, and technical challenges 
in making cost-competitive products (Sworder, 
Zhang�and�Matheson�2018).�Access�to�finance�is�
challenging,�as�start-up�firms�are�often�built�on�
intangible rather than tangible assets and face a 
high�risk�of�failure�(Söderblom�and�Samuelsson�
2014).�Start-ups�in�developing�and�emerging�
economies face particular challenges (Sworder, 
Salge�and�van�Soest�2017),�including�lack�of�basic�
laboratory�infrastructure�and�of�access�to�capital.�
However,�developing�countries�may�also�offer�
opportunities,�for�example�owing�to�their�lower�
market density and the opportunity to leapfrog 
to�advanced�technologies.�Box�3.2�describes�
start-up�challenges�identified�by�sustainable�
chemistry�entrepreneurs�(UNEP�2017).

A� range� of� stakeholders� and� organizations�
engage in supporting sustainable chemistry start-
ups through various stages of the innovation 
chain, with complementary roles based on their 
motives�for�collaboration�(Wilson�2015).�These�
stakeholders include universities, research 

© The Elsevier Foundation, First and second prize winners of the 2018 Elsevier Foundation Green and Sustainable Chemistry Challenge, Prajwal Rabhindari 
and Dr. Alessio Adamiano
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Box 3.2 Insights from entrepreneurs on challenges for sustainable chemistry start-ups (UNEP 2017)

Representatives of some 15 sustainable chemistry start-ups from around the world met in Berlin, 
Germany, in 2017 to identify opportunities and challenges. They discussed, among others, the 
following:

 › Innovation culture in universities: Few universities provide chemistry students with training in 
business, marketing, and other relevant subjects; universities seldom encourage students to 
create start-ups; co-operation across faculties can support interdisciplinary thinking; there is a 
need for curriculum reform, as sustainability considerations are still not integrated in standard 
chemistry courses.

 › Research infrastructure: More incubators are needed to facilitate sustainable chemistry 
start-ups; barriers for spin-offs from universities are too high; there is a need to strengthen 
partnerships between academia and industry/the private sector.

 › Intellectual property, patents and licensing: Patenting and licensing processes are often lengthy, 
costly and complicated; where patents are in place, they are often not turned into a product 
or service; licensing agreements with universities may sometimes hinder entrepreneurship.

 › Business planning and access to finance: Sustainable chemistry entrepreneurs often lack 
business expertise (e.g. in developing a business plan); networks and partnerships are crucial 
to establish a multi-disciplinary team and gain access to capital.

 › Upscaling, marketing, commercialization: The time it takes for a product/service to become 
profitable is often lengthy; a thorough analysis of the market is a prerequisite for success 
(e.g. innovation should be based on market demand); start-ups need realistic milestones and 
targets.

 › Enabling environment/effective regulation: Regulations may sometimes create unnecessary 
burdens for entrepreneurs; registration processes may be too costly and lengthy for start-ups 
with little capital; an incentive system could help (e.g. tax reductions).

© UNEP, Carlos Ocampo Lopez presenting on biological alternatives to mercury in artisanal and small-scale gold mining at a workshop on advancing entrepreneurship 
and start-up initiatives for sustainable chemistry held in 2017
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institutions, corporations, business associations, 
NGOs,�funding�organizations�and�governmental�
institutions.�

Initial coaching and technical support services

In�the�early�development�stages,�start-ups�need�
to� have� the� right� entrepreneurial� skill� sets.�
These�include:�1)�technical�skills�(necessary�to�
produce� the�business’s� product� or� service);�
2)�managerial�skills�(essential�for�the�day-to-day�
management�and�administration�of�a�company);�
3)�entrepreneurial�skills�(skills�for�recognizing�
economic�opportunities�and�acting�effectively�on�
them);�and�4)�personal�maturity�skills�(e.g.�self-
awareness, accountability, emotional and creative 
skills)�(Kutzhanova,�Lyons�and�Lichtenstein�2009).�
A�basic�knowledge�and�skill�set�may�include�
learning on topics such as entrepreneurship, 
scholarship, business modelling and business 
planning.�There�is�an�emerging�market�for�online�
education platforms that provide full courses 
and�certified�modules�of�university�lectures�to�
support�start-ups�(Yuan�and�Powell�2013).

The United States Department of State’s Global 
Innovation�through�Science�and�Technology�
(GIST)�has�supported�the�development�of�start-
ups, including many initiatives in green chemistry 
(GIST�2018).�This�initiative�seeks�to�“empower�
young innovators through networking, skills 
building,�mentoring,�and�access�to�financing�to�

develop start-up solutions that address economic 
and�development�challenges”.�Through�training,�
competitions, resources and interactive online 
programmes, the initiative supports innovators 
and entrepreneurs from more than a hundred 
emerging economies in establishing successful 
start-ups.�This�is�done�through�competitions,�start-
up�trainings,�and�interactive�online�programmes.�
The�first�programme�developed�by�GIST�in�Latin�
America�was�in�Medellín,�Colombia�in�2015.�It�
provided training, an innovation competition, 
and�access�to�finance�in�the�United�States.

Some entrepreneurially oriented universities 
have set up infrastructure to attract investment 
for the development of promising high-
tech�projects� (Lockett,� Jack�and�Larty�2012).�
Dedicated�staff�provide�coaching�and�technical�
assistance through technology transfer centres 
or� innovation�and�commercialization�offices�
(Sergey,�Alexandr�and�Sergey�2015).�For�example,�
the�Center�for�Sustainability�at�Aquinas�College�in�
the State Michigan in the United States operates 
a “Proof of Concept Center” providing assistance 
to�green�chemistry�start-ups�(e.g.�in�licensing�
and�patenting�processes).

Obtaining recognition is important for start-
ups early on in the process, in order to achieve 
market�visibility�and�gain�a�reputation.�Start-ups�
may�benefit�from�participating�in�award�schemes�
and thematic challenges, early-stage start-up 

Box 3.3 Selected sustainable chemistry awards and pitching events targeting start-up

Thematic challenges and awards
 › The Elsevier Foundation Green and Sustainable Chemistry Challenge, launched in 2015, is a 

thematic challenge. Chemistry-related ideas with an impact on sustainable development can 
be submitted. 

 › The ISC3 Innovation Challenge, launched in 2018, calls for applications by start-ups pioneering 
in thematic sustainable chemistry topics that change annually, such as sustainable buildings 
and living. Its best practices awards are lighthouse examples of sustainable chemistry 
innovation.

Start-up pitches and investor forums
 › The GC3 is a multi-stakeholder collaborative based in the United States which promotes 

sustainable chemistry innovation. It selects start-ups every year to present their sustainable 
chemicals, materials, products and manufacturing technologies to large companies at its 
Annual Green & Bio-Based Chemistry Technology Showcase & Networking Event.

 › NIW Startups is part of the annual Nairobi Innovation Week in Kenya, where early-stage start-
ups (classified into categories such as clean tech, agriculture and food security) present their 
ideas to an international jury.

Table 3.1 Institutional venturing tools (adapted from OECD 2012; Dempwolf, Auer and D’Ippolito 
2014; Root 2017)

Venturing tool Description

University technology innovation 
offices 

Universities help start-up projects turn first ideas into inventions and innovations, e.g. 
by providing access to research infrastructure, technical equipment and support in 
patenting.

Incubators Incubators take in young start-up companies and provide them with affordable space, 
shared offices and other services. This helps narrow down the business idea and connect 
to funders.

Accelerators Accelerators give developing companies access to mentorship, investors and other 
support that help them become stable, self-sufficient businesses. This is usually cohort-
based and

fixed-term. Large enterprises organize start-up support, with a view to improving corporate 
competitiveness following their own strategic or financial objectives. This can include 
business incubation or acceleration. It usually addresses more mature start-ups at later 
stages of development. 

Corporate ventures Large enterprises organize start-up support, with a view to improving corporate 
competitiveness following their own strategic or financial objectives. This can include 
business incubation or acceleration. It usually addresses more mature start-ups at 
later stages of development. 

Governmental/NGO support Public or non-profit venture development organizations provide a portfolio of services 
to start-ups, with the intention of creating positive economic, social or environmental 
impacts.
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Box 3.3 Selected sustainable chemistry awards and pitching events targeting start-up

Thematic challenges and awards
 › The Elsevier Foundation Green and Sustainable Chemistry Challenge, launched in 2015, is a 

thematic challenge. Chemistry-related ideas with an impact on sustainable development can 
be submitted. 

 › The ISC3 Innovation Challenge, launched in 2018, calls for applications by start-ups pioneering 
in thematic sustainable chemistry topics that change annually, such as sustainable buildings 
and living. Its best practices awards are lighthouse examples of sustainable chemistry 
innovation.

Start-up pitches and investor forums
 › The GC3 is a multi-stakeholder collaborative based in the United States which promotes 

sustainable chemistry innovation. It selects start-ups every year to present their sustainable 
chemicals, materials, products and manufacturing technologies to large companies at its 
Annual Green & Bio-Based Chemistry Technology Showcase & Networking Event.

 › NIW Startups is part of the annual Nairobi Innovation Week in Kenya, where early-stage start-
ups (classified into categories such as clean tech, agriculture and food security) present their 
ideas to an international jury.

pitches and investor forums, and by seeking 
media�coverage�as�described�in�Box�3.3.

Institutional support mechanism/venturing 
tools 

When start-ups advance along the technology 
innovation chain, more institutional support 
mechanisms and venturing tools become 
available.�Table�3.1�provides�a�broad�overview.

Both incubator and accelerator type organizations 
provide�nascent�firms�with�advice,�business�
services, networking facilitation and, occasionally, 
financial� support� to�help� them�develop�and�
launch their companies (Bøllingtoft and Ulhøi 
2005;�Hoffman�and�Radojevich-Kelley� 2012;�
Dempwolf,�Auer�and�D’Ippolito�2014).�While�
incubators “incubate” ideas and set up a business 
model and company, accelerators “accelerate” 
the�growth�of�an�existing�company�(Forrest�2018).�
Figure�3.4�shows�key�characteristics�of�these�two�
concepts�and�how�they�overlap.�

Organizations develop institutional support 
mechanisms with various subsets of services 
based�on�different�venturing�tools,�all�with�distinct�
or similar observable characteristics (Dempwolf, 
Auer�and�D’Ippolito�2014).�Examples�include:

 › the Center of Studies and Research in 
Biotechnology� (CIBIOT)� at� Universidad�
Pontificia�Bolivariana,�Medellín,�Colombia,�
an initiative that contributes to sustainable 
chemistry by building capacities in technology 
transfer projects with technical novelty, 
market-oriented, scalable and social 
innovation�characteristics;

 › the�John�Warner�Chemical�Invention�Factory�of�
the�Technical�University�of�Berlin�(Germany),�
an incubator-like start-up development centre 
opened�in�2018,�which�provides�state-of-the-art�
laboratories,�research�infrastructure,�scientific�
mentors�and�networking�opportunities;

 › the Think Beyond PlasticTM early-stage 
innovation accelerator, an accelerator which 

Table 3.1 Institutional venturing tools (adapted from OECD 2012; Dempwolf, Auer and D’Ippolito 
2014; Root 2017)

Venturing tool Description

University technology innovation 
offices 

Universities help start-up projects turn first ideas into inventions and innovations, e.g. 
by providing access to research infrastructure, technical equipment and support in 
patenting.

Incubators Incubators take in young start-up companies and provide them with affordable space, 
shared offices and other services. This helps narrow down the business idea and connect 
to funders.

Accelerators Accelerators give developing companies access to mentorship, investors and other 
support that help them become stable, self-sufficient businesses. This is usually cohort-
based and

fixed-term. Large enterprises organize start-up support, with a view to improving corporate 
competitiveness following their own strategic or financial objectives. This can include 
business incubation or acceleration. It usually addresses more mature start-ups at later 
stages of development. 

Corporate ventures Large enterprises organize start-up support, with a view to improving corporate 
competitiveness following their own strategic or financial objectives. This can include 
business incubation or acceleration. It usually addresses more mature start-ups at 
later stages of development. 

Governmental/NGO support Public or non-profit venture development organizations provide a portfolio of services 
to start-ups, with the intention of creating positive economic, social or environmental 
impacts.
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supports sustainable chemistry start-ups from 
different�world�regions;�and

 › Accelerace�(Denmark),�a�late-stage�innovation�
accelerator that is part of the Danish national 
Scale-up Denmark initiative, which is scaling 
up start-ups within tech, food tech, clean tech, 
life�sciences�and�welfare�technologies.

A�wider�range�of�venturing�tools�are�shown�in�
Figure�3.5.�This�figure�highlights�the�relevance�
of venturing undertaken at various stages of 
the� innovation� chain.� Some� tools� are�more�
relevant for start-up support early on, while 

others�(e.g.�corporate�venture�capital,�strategic�
partnerships�and�acquisitions)�are�more�relevant�
at�later�stages.�

Financing instruments and mechanisms

In�most�cases,�start-ups�require�funding�from�
investors�because�their�own�financial�resources�
are�not�sufficient�to�cover�various�costs�at�the�
different�development�stages.�For�example,�large�
amounts of capital are often needed for technical 
equipment, laboratories, access to research 
infrastructure,�patent�fees�and�salaries.�One�of�
the most important decisions entrepreneurs 

Figure 3.4 Venn diagram of incubator and accelerator characteristics (adapted from Dempwolf, 
Auer and D’Ippolito 2014, p. 14)
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Table 3.3 Examples of investments in sustainable chemistry start-ups by different investors

Public grants Individuals or networks with disposable income invest in start-ups. Usually they invest cash, provide 
time for coaching/mentoring, and make business introductions.

Enerkem and the City of Edmonton (Canada): Enerkem formed a partnership with the City of Edmonton 
for the construction of a facility that converts non-recyclable, non-compostable municipal solid waste 
into liquid biofuels and chemicals. It has since secured several strategic partnerships to co-develop 
additional plants. Enerkem Alberta Biofuels, a subsidiary of Enerkem Inc., has received a Canadian 
dollars 3.5 million grant from the Government of Canada through the Western Innovation (WINN) 
Initiative.

Public investors The Brabant Development Agency Capital (BOM Venture Capital) Fund (Netherlands), created by the 
Dutch Government and the Province of Brabant, finances companies and start-ups by providing equity 
capital and subordinated loans of up to euros 2.5 million. Another example is Innofund (China), an equity 
fund developed by the Chinese government for which sustainable chemistry start-ups are eligible. The 
European Investment Bank supports start-ups, including those active in sustainable chemistry, through 
the European Investment Fund (EFSI), e.g. under the Early Stage Window of EFSI Equity (InnovFin Equity).

Private equity Capricorn (Belgium), a private venture capital firm with its own sustainable chemistry fund (CSCF), 
achieved its first milestone capital, closing at euros 50 million in December 2016. The portfolio included 
three start-ups from Belgium, Germany and the United States.

Mezzanine funding The Green Centre (Canada) helps commercialize academic and entrepreneurial discoveries. Formed 
in 2009, it was funded by the Government of Ontario, the Government of Canada and various industry 
partners, among other technical support. It provides 8,500 square feet of state-of-the-art laboratory 
facilities for innovation and the advancement of chemistry technologies.

Impact investors (e.g. 
foundations or public/
semi-public funders 
such as development 
finance institutions)

Impact or social investors refers to funds that invest with the intention of creating a positive social 
or environmental impact. As an eclectic group, they include high net worth individuals (HNWIs), family 
offices, foundations, banks, pension funds, impact-focused VCs and angels, and development finance 
institutions (DFIs). 

Crowd funding 
platforms

Crowd funding is the practice of raising money from a large group of individuals, typically through an 
online portal. 

Table 3.2 Potential private investors for sustainable chemistry start-ups (adapted from OECD 2012 
and Root 2017)

Investor Description Typical funding 
instrument

Business angels/angel 
investor networks

Individuals or networks with disposable income invest in start-ups. Usually 
they invest cash, provide time for coaching/mentoring, and make business 
introductions.

Equity and 
mezzanine

Banks Bank loans are one of the most common tools for accessing finance. Banks request 
collateral or guarantees in exchange for loans.

Debt

Private equity (PE) 
firms

Private equity firms invest directly in private companies. They tend to focus on 
more mature start-ups and to invest much larger amounts than do venture capital 
firms.

Equity

Venture capital (VC) 
firms

Venture capital refers to investments made in exchange for equity. VC focuses on 
funding, developing and expanding start-ups which earn the investors return on 
their capital in a fairly short time.

Equity and 
mezzanine

Corporate ventures Corporate ventures are used by large firms to invest in innovative start-ups in order 
to improve corporate competitiveness with either strategic or financial objectives. 

Equity and 
mezzanine

Impact investors (e.g. 
foundations or public/
semi-public funders 
such as development 
finance institutions)

Impact or social investors refers to funds that invest with the intention of creating 
a positive social or environmental impact. As an eclectic group, they include high 
net worth individuals (HNWIs), family offices, foundations, banks, pension funds, 
impact-focused VCs and angels, and development finance institutions (DFIs). 

Grant, debt and 
equity

Crowd funding 
platforms

Crowd funding is the practice of raising money from a large group of individuals, 
typically through an online portal. 

Grant, debt and 
equity 
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need to make at some point is how to raise 
money�(and�whom�to�ask�for�it)�(Root�2017).�

Four main types of funding instruments are 
available�for�start-ups:�grants,�debt�financing�
(loans),�equity�financing,�and�mezzanine.�A�grant�
typically does not obligate the recipient to repay 
the�funds.�Debt�financing�means�accepting�capital�
with the promise of repaying the principal with 
interest.�Equity�financing�means�an�investor�
puts�money�into�a�start-up�in�exchange�for�a�
percentage�of�the�company’s�shares.�Mezzanine�
is�a�mix�of�debt�and�equity�financing�features�
(Wilson� 2015;� Root� 2017).� Potential� private�
investors in sustainable chemistry start-ups 
are�shown�in�Table�3.2,�which�emphasizes�that�
investors�use�different�funding�instruments.�

Research indicates that some investors may 
be more appropriate partners for start-ups in 
earlier development stages, and others in later 
stages� of� a� firm’s� development� (Söderblom�
and�Samuelsson�2014;�Wilson�2015).�One�of�
the main reasons for this is that investors have 

different�strategic�motives�for�providing�seed�
money� (Root�2017).� For�example,�a�publicly�
funded�development�finance�institution�usually�
invests with the intention of creating a positive 
social or environmental impact while a corporate 
venture invests with a view to gaining competitive 
advantage� over� other� market� players.� The�
phenomenon�of�different�investors�investing�
at�different�development�stages�is� illustrated�
in�Figure�3.6.

Real-world� examples� of� investments� in�
sustainable chemistry start-ups demonstrate 
that�different�funding�instruments�are�used�by�
start-ups,�and�that�start-ups�have�taken�different�
decisions on whom to partner with in order to 
access�finance�(Table�3.3).�Several�public�and�
private�stakeholders�have�established�different�
types of funding opportunities for sustainable 
chemistry start-ups, including national grants, 
public investment agencies and equity-based 
Sustainable Chemistry Funds, as well as 
cooperative approaches involving public and 
private�partners.�

Figure 3.6 Start-up development stages and typical investors along the innovation chain (Swedish 
krona thousand) (adapted from Söderblom and Samuelsson 2014, p. 10)
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Figure 3.6 Start-up development stages and typical investors along the innovation chain (Swedish 
krona thousand) (adapted from Söderblom and Samuelsson 2014, p. 10)
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Chemical companies’ engagement in start-ups

While many large chemical companies have 
research departments, industry leaders 
increasingly recognize the potential of start-
ups.�In�a�recent�survey,�representatives�of�large�
companies responded that in the future they 

expect�“a�much�higher�intensity�of�collaboration�
with�start-ups�than�today”;�by�2022�they�foresee�
collaboration with start-ups and venture funds 
surpassing in intensity collaborative approaches 
with suppliers, universities or end users (WEF 
2018).�

Figure 3.7 Chemical industry leaders´ view of the evolution of the intensity of collaboration with 
other stakeholders (adapted from WEF 2018)
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In�taking�a�strategic�approach�to�identifying�and/or�
supporting start-ups, and to obtaining a growing 
portfolio of associated start-ups, a number of 
large corporations have special programmes 
and�instruments�dedicated�to�different�sub-goals�
associated with ultimately gaining competitive 
advantage�(Table�3.4).�These�can�be�distinguished�
as corporate incubator, corporate accelerator, 
corporate venture capital and corporate strategic 
partnerships.�A�Boston�Consulting�Group�(BCG)�
research study (Brigl et al. 2016)�found,�however,�
that the chemical industry mainly used corporate 
venture capital to support start-ups although 
there�are�more�recent�examples�of�accelerators�
and�incubators.�Examples�of�such�ventures�led�
by�the�chemical�industry�include�BASF�Venture�
Capital, Dow Venture Capital, DuPont Ventures, 

Solvay�Ventures�(and�Aster�Capital�along�with�
Alstom� and� Schneider� Electric)� and� Evonik�
Venture�Capital�(Faulkner�and�Berenshteyn�2013).

3.4 Creating an enabling framework 
to support sustainable chemistry 
innovation

Promoting open and collaborative innovation 

The open innovation paradigm envisages that 
companies�can�no�longer�afford�to�innovate�
by carrying out R&D activities single-handedly 
(Şimşek�and�Yildirim�2016).� Instead,�they�are�
engaging research and knowledge institutions, 

Table 3.4 The corporate approach to start-up development (Brigl et al. 2014, p. 6)

Business incubation

Corporate incubator Corporate accelerator Corporate venture capital Corporate strategic 
partnerships

Objective  › Support start-ups 
with an array 
of business 
support resources 
and services, 
orchestrated by 
incubator

 › Support start-ups 
with a structured 
programme using 
fixed curricula

 › Support existing 
companies with capital 
in exchange for equity 
shares

 › Partner with existing 
companies to drive joint 
value creation

Benefits 
to start-up 
partner

 › Office space, 
hardware

 › Office space, 
hardware

 › Skilled mentorship 
and coaching

 › Start-up network
 › Technical support
 › Potential funding 

support

 › Financial support
 › In many cases, close 

cooperation with 
corporate unit as equal 
partner

 › Mentorship (in some 
cases)

 › Extend market potential
 › Close missing IP gap
 › Limit investments in 

non-core corporate 
capabilities

 › Create competitive 
advantage

Benefits to 
company

 › Outsourced R&D 
function

 › Wider search field 
for corporate 
development and 
growth options

 › “First pick” potential 
in case of promising 
start- up business

 › Equity share in 
company with strong 
growth and profit 
potential

 › Portfolio extension, 
especially in advanced 
technologies and 
products

 › Extend market potential
 › Close missing IP gap
 › Save investments in 

non-core corporate 
capabilities

 › Create competitive 
advantage

Investment  › Up to 25 per cent 
of equity

 › Partly without equity; 
in some cases up to 
5 per cent

 › 20 per cent or less  › Possible equity 
exchange, depending on 
partnership format

Start-up 
stage

 › Early stage, 
without existing 
business

 › Start-ups technically 
ready to "spread 
wings"

 › Small existing 
companies with high 
growth potential

 › Innovative companies, 
but not necessarily new 
players

Time frame  › 12-36 months  › Typically 3 months  › 5-7 years  › Depends on product 
cycle
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as�well�as�chemical�suppliers�and�users,�financial�
institutions, engineering companies and digital 
solution providers, in research and innovation 
(Huizingh�2011).�These�efforts�can�also�include�
collaboration with competitors in seeking lower 
operational�costs�and�lower�risks�(Şimşek�and�
Yildirim�2016).�Finally,�sustainable�innovations�
need scaling up and sharing across sectors if 
they are to have the potential to shift the sector 
as�a�whole.�

As� shown� in� Figure�3.8,� novel� forms� of�
collaboration are being created between 
different�internal�entities�of�chemical�companies,�
as�well�as�with�external�partners,�customers�and�
consumers, regulators and other civil sector 

communities.�Partnerships�are�often�driven�
not only by science and technology, but also by 
SDG-related issues, and are implemented with 
cross-sectoral, global and diverse markets in 
mind�(WEF�2018).

To manifest greater collaboration and partnership 
among�actors,�a�number�of�specific�concepts�and�
models�may�be�introduced.�For�example,�science�
and technology parks present opportunities to 
innovate in open systems where technology 
developers�and�diffusers�work�at�one�location�
to translate innovations from universities and 
research�institutes�into�markets�(Şimşek�and�
Yildirim� 2016).� Newly� established� research�
centres,� technology� promotion� offices� and�

Box 3.4 Open collaborations in sustainable chemistry innovation 

The Eco-Efficient Products and Process Laboratory (E2P2L) is a unique international research 
entity dedicated to renewable and sustainable chemistry. Based in Shanghai, China, its purpose 
is to develop innovative eco-efficient products and environmentally benign processes capable 
of reducing dependence on oil and other fossil resources. E2P2L was set up in November 2011 
by the French National Scientific Centre (CNRS), the Belgian chemical company Solvay, the Ecole 
Normale Supérieure de Lyon in France, and the East China Normal University. In 2013 the Lille 
University of Science and Technology in France and the University of Fudan in Shanghai joined 
the consortium. Another example is the GC3, a multi-stakeholder collaborative that drives the 
commercial adoption of green chemistry by catalysing and guiding action across all industries, 
sectors and supply chains (GC3 n.d.b).

Figure 3.8 New collaboration approaches in the chemical industry (adapted from WEF 2018)
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joint institutes use a similar approach of co-
creating value through increased collaboration 
between�stakeholders�(Wissema�2009).�Industry�
is opening up to more collaborative innovation 
compared�with�some�five�years�ago,�although�
a large majority of industry stakeholders still 
face internal collaboration challenges (WEF 
2018).�Intermediaries�play�an�important�role�in�
facilitating such collaboration innovation (WEF 
2018).

Enabling policies to promote sustainable 
chemistry innovation

The national innovation systems approach 
(OECD�1997)�stresses�that�flows�of�technology�
and information among people, enterprises and 
institutions�are�key�to�the�innovation�process.�

For stakeholders and policymakers interested in 
advancing sustainable chemistry innovation, an 
understanding of the national innovation system 
can help identify leverage points to identify policy 
interventions.

Enabling�policies�and�financing�by�governments�
are an important dimension of the innovation 
system.�They�are�factors�that�can�be�used�to�
correct�inefficiency�and�distortions�in�innovations.�
Elgie�and�Brownlee�(2017)�divide�potential�policy�
approaches or interventions related to innovation 
into�four�categories:�1)�push�policies�driving�new�
ideas;�2)�pull�policies�helping�to�stimulate�market�
demand;�3)�grow�policies�helping�to�grow�ideas�
into�marketable�products;�and�4)�strengthen�
policies that cut across the clean innovation 
system,�making�it�more�effective�and�resilient.�

Figure 3.9 Policy interventions that foster technology innovation (adapted from Elgie and Brownlee 
2017, p. 15)
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Table 3.5 Examples of push and pull policies to advance sustainable chemistry innovation

Type of policy/intervention Example

Push policies (driving new 
ideas and innovation)

 › Tax incentives for start-up initiatives
 › Co-financing or subsidization of science and technology parks (STPs) which include 

sustainable chemistry components
 › Sllocating a specified percentage of gross domestic product to R&D and venture funds for 

start-ups
 › Increasing the quality of physical infrastructure (academic and research institutions, 

innovation and technology hubs, makerspaces and internet infrastructure)
 › Sdopting open and inclusive principles for innovation, with institutions mandated to 

stimulate open, inclusive, social and collaborative innovation

Pull policies (creating market 
demand for innovation)

 › consumer education and awareness-raising
 › financial incentives to consumers (e.g. subsidies for sustainable chemistry products)
 › government procurement to purchase eco-labelled products
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Figure 3.9 Policy interventions that foster technology innovation (adapted from Elgie and Brownlee 
2017, p. 15)
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Table 3.5 Examples of push and pull policies to advance sustainable chemistry innovation

Type of policy/intervention Example

Push policies (driving new 
ideas and innovation)

 › Tax incentives for start-up initiatives
 › Co-financing or subsidization of science and technology parks (STPs) which include 

sustainable chemistry components
 › Sllocating a specified percentage of gross domestic product to R&D and venture funds for 

start-ups
 › Increasing the quality of physical infrastructure (academic and research institutions, 

innovation and technology hubs, makerspaces and internet infrastructure)
 › Sdopting open and inclusive principles for innovation, with institutions mandated to 

stimulate open, inclusive, social and collaborative innovation

Pull policies (creating market 
demand for innovation)

 › consumer education and awareness-raising
 › financial incentives to consumers (e.g. subsidies for sustainable chemistry products)
 › government procurement to purchase eco-labelled products

While these are general categorizations, this 
framing illustrates how public interventions may 
be�structured�to�shape�different�elements�of�the�
innovation system in a direction which supports 
sustainable�chemistry�innovation.�From�the�point�
of�view�of�effectiveness,�in�certain�cases�market-
based�policy�instruments�(e.g.�taxes�and�tradable�
permits)�tend�to�induce�more�innovation�than�
direct�regulation.�Other�characteristics�of�policy�
instruments that play a role include stringency, 
predictability,�flexibility,�depth�and�incidence�
(OECD�2011).�

Exploring opportunities for green bonds

Financial instruments and tools can play a role 
in driving the transition towards sustainable 
chemistry� innovation.� Green� bonds� are� an�
example.�These�bonds�can�be�defined�as�“a�debt�
security�that�is�issued�to�raise�capital�specifically�
to support climate related or environmental 
projects”�(International�Bank�for�Reconstruction�
and�Development�and�World�Bank�2017).�An�
important dimension of setting up a green 
bond�is�defining�criteria,�which�include�green�
or sustainable chemistry considerations (Ernst 
&�Young�[EY]�2016).�Green�bonds�designed�to�
encourage�sustainability�come�with�tax�incentives�
such�as� tax�exemption�and� tax�credits.�This�
makes them a more attractive investment than 
a�comparable�taxable�bond.�While�green�bonds�
are currently focused on climate change, their 
potential to advance sustainable chemistry 
investment�and�innovation�could�be�explored.�

3.5 Measures to strengthen 
sustainable chemistry technology 
innovation and financing

Accelerating�research�and�innovation�through�
collaborative and enabling action, including 
through start-up companies, is key to reaping 
the promise of green and sustainable chemistry 
to�make�a�contribution�to�the�2030�Sustainable�
Development�Agenda.�Taking�into�account�the�
preceding analysis, stakeholders may wish to 
consider the following measures to strengthen 
sustainable chemistry technology innovation 
and�financing.

 › Use green and sustainable chemistry criteria 
to assess whether innovations in chemistry 
are�compatible�with�the�2030�Sustainable�
Development�Agenda.

 › Strengthen open and collaborative innovation 
mechanisms involving research organizations, 
the private sector, governments and civil 
society.

 › Strengthen support mechanisms for 
sustainable chemistry start-ups in universities, 
research institutes, the private sector and all 
levels�of�government.

 › Strengthen financial instruments for 
investment in sustainable chemistry 
innovation,�for�example�through�green�bonds�
and venture capital or other multi-stakeholder 
funding�mechanisms.

 › Develop guiding policies and criteria for 
financial� resources� to�support�green�and�
sustainable�chemistry�innovation.

 › Review and strengthen innovation policies to 
ensure that they enable, and do not create, 
barriers�to�sustainable�chemistry�innovation.
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Evolving and new business models
Chapter Highlights

New and evolving business models have significant potential to advance 
sustainability in the chemical industry, if properly applied.

Business models of relevance include service-oriented models (e.g. Chemical 
Leasing) and coordination benefits models (e.g. chemical parks).

Business models that decentralize production (e.g. 3-D printing) and distribution 
(e.g. e-commerce) are on the rise, creating opportunities but also raising 
concerns.

Social entrepreneurship business models are relevant for chemicals and waste, 
and are emerging around the world.

A�business model defines how an 
organization creates, delivers and 
captures value in economic, social, cultural 

or�other�contexts.�Business�models�are�constantly�
evolving.�While�they�may�create�opportunities,�
they can also create potential concerns from a 
chemicals�and�waste�management�perspective.�
This chapter discusses several evolving and 
new business models which are considered 
relevant from a chemical and waste management 
perspective.�They�range�from�service-oriented�
models, to social enterprises, to models in which 
production�and�sales�are�decentralized.

4.1 Business models in a fast-
changing world

In�a�fast-changing�world,�new�business�models�
with direct implications for the chemical industry 
are evolving rapidly – providing opportunities to 
advance sustainability by increasing resource 
efficiency,�and�by�reducing�the�use�of�hazardous�
chemicals�and�chemical�pollution.�Business�model�
innovations�for�sustainability�may�be�defined�as�
creating�“significant�positive�and/or�significantly�
reduced negative impacts for the environment 
and/or society, through changes in the way the 

4/

organization and its value-network create, deliver 
value and capture value or change their value 
propositions” (Bocken et al. 2014).� Business�
models that have a strong focus on sustainability 
and circularity include green product- and 
process-based models, waste regeneration 
systems,�efficiency�optimization,�management�
services, and industrial symbiosis models 
(Beltramello,�Haie-Fayle�and�Pilat�2013).�Other�
emerging business models, such as consumer-
centric models and social enterprises, are directly 
driven by sustainability considerations but are 
equally relevant to the sound management of 
chemicals�and�waste.�

4.2 Service-based systems, including 
Chemical Leasing

Service-based business models, or “product-
service�systems”�(PSS),�are�an�alternative�to�the�
traditional�sales�concept�of�industrial�production.�
PSS�can�be�broadly�defined�as�“a�combination�
of products and services in a system that 
provides functionality for consumers and reduces 
environmental impact” (Hänsch Beuren, Gomes 
Ferreira�and�Cauchick�Miguel�2013).�This�means�
goods�continue�to�be�owned�by�the�provider(s).�
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What a PSS customer actually purchases is the 
functionality or performance of the goods in 
the�form�of�a�service.�A�business�that�offers�a�
service�does�not�seek�to�maximize�sales�of�a�
chemical product, but to provide the service in a 
cost-effective�and�sustainable�manner.�Research�
suggests that service-based business models 
incentivize�industry�to�change�product�design;�
advance�life�cycle�thinking�and�stewardship;�and�
reduce environmental footprints throughout a 
product’s�life�cycle�(Agrawal�and�Bellos�2015).

Chemical management services: win-win 
opportunities

In�the�chemicals�sector�PSS�are�referred�to�as�
“chemical�management�services”�(CMS).�CMS�
generally involve a strategic, long-term contract 
between�the�service�provider�and�the�client.�The�
service provider is compensated based on the 
quality and quantity of the services provided, 
rather�than�on�the�volume�of�chemicals�sold.�
Proponents of CMS note that the service provider 
and customer have the same objective: to 
reduce the overall life cycle costs of chemicals 
management (United Kingdom Chemicals 
Stakeholder�Forum�2013).�CMS�services�may�
encompass�(and�be�provided�at)�all�stages�of�the�
chemical life cycle, including production, transport 

and�storage.�They�can�exist�in�the�automotive,�
air transport, electronics, heavy equipment, 
food and pharmaceutical, and steel industries, 
among�others.�Through�technological�solutions�
(e.g.�material�substitution,�pollution�prevention,�
and�end-of-life�management�practices)�CMS�
can help reduce the risks associated with the 
production�and�use�of�chemicals.�They�can�also�
stimulate sustainable production and a decrease 
in�product�consumption�levels�(Askar�2006).�

The market for chemical management services 
is growing

The CMS supplier community and market have 
grown� significantly� in� recent� years.� Annual�
growth�in�revenue�for�CMS�providers�exceeded�
7.28�per�cent� per� year� between� 2011� and�
2016,�from�around�US�dollars�2,192�million�to�
US�dollars�3,115�million.�Revenue�growth�in�2016�
is estimated to have been at the lower end of the 
5-10�per�cent�range,�but�is�expected�to�increase�
to�9-14�per�cent�in�2017-2022.�The�profitability�
outlook�for�2017-2022�is�projected�to�improve�
slightly.�Companies�using�CMS�include�Haas�
TCM,�PPG�Industries,�KMG�Chemicals,�Henkel,�
ChemicoMays,�BP,�Quaker�Chemical,�EWIE�Co,�
Intertek�and�Chemcept�(Technical�Progress�2018).

© UNIDO, 2018 Global Chemical Leasing award ceremony, 6 November in Vienna
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Chemical Leasing: a successful application of 
chemical management services

Chemical�Leasing�is�a�type�of�CMS�whereby�“the�
functions performed by the chemical serve as 
the unit of payment and chemical suppliers and 
users work together to optimize chemical use 
in�fulfilling�the�function”�(Joas,�Abraham�and�
Joas�2018).�Responsibility�for�the�application,�
handling, storage and disposal of chemicals 
is thus shifted from the user to the chemical 
supplier.� The� supplier,� in� turn,� takes� over�

management�of�the�entire�life�cycle.�Figure�4.1�
contrasts traditional business models and the 
Chemical�Leasing�model.

Chemical� Leasing� can� be� used� whenever�
chemicals are needed to provide a particular 
function�or�service.�Examples�include�industrial�
cleaning and degreasing of parts in the metal 
processing�industry;�bonding�of�boxes�in�the�
packaging�industry;�cleaning�of�bottles,�pipes�
and�vessels�in�the�beverage�industry;�lubrication�
of� conveyor� belts� in� the�beverage� industry;�

Figure 4.1 Traditional business models vs. Chemical Leasing (adapted from Joas, Abraham and Joas 
2018, p. 398)

Traditional business models Chemical leasing model

Contradictory motivators Bundled motivators

Delivery of goods Delivery of goods, services 
and know-how

Supplier User Supplier User

Volume-based pricing Benefit-oriented pricing

“The more 
the better”

“Less is 
more”

“Less is 
more”

“Less is 
more”

Republished with permission of Springer Nature; permission conveyed through Copyright Clearance Center, Inc.

Chemical�Leasing�refers�to�a�business�model�whereby�suppliers�sell�services�(e.g.�the�number�of�cars�painted)�
rather�than�chemicals,�creating�incentives�to�minimize�the�use�of�chemicals�and�maximize�resource�efficiency.

Box 4.1 Chemical Leasing in a middle-income country: wastewater treatment in Colombia 

A Chemical Leasing project was implemented 
in Colombia’s petroleum industry through a 
partnership between Ecopetrol and Nalco, 
a chemicals provider specializing in water 
treatment. The aim of this project was to treat 
wastewater from oil production processes in 
environmentally sound and cost-effective ways. 
Following project implementation, there was a 
20 per cent reduction in chemicals consumption 
while water treatment costs were reduced 
by 80 per cent (US dollars 2.2 million) over 
10  months (Moser and Jakl 2014). The unit 
of payment shifted from dollars per kilogram 
treatment agent to a unit price (per kilogram 
barrel of fluid) for the treatment service. This 
project won the first Global Chemical Leasing 
Award gold medal in 2010 (Jakl 2011). 

© UNIDO, Chemical Leasing Pilot Project in Colombia
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Figure 4.1 Traditional business models vs. Chemical Leasing (adapted from Joas, Abraham and Joas 
2018, p. 398)

Traditional business models Chemical leasing model

Contradictory motivators Bundled motivators

Delivery of goods Delivery of goods, services 
and know-how

Supplier User Supplier User

Volume-based pricing Benefit-oriented pricing

“The more 
the better”

“Less is 
more”

“Less is 
more”

“Less is 
more”

Republished with permission of Springer Nature; permission conveyed through Copyright Clearance Center, Inc.

Chemical�Leasing�refers�to�a�business�model�whereby�suppliers�sell�services�(e.g.�the�number�of�cars�painted)�
rather�than�chemicals,�creating�incentives�to�minimize�the�use�of�chemicals�and�maximize�resource�efficiency.

Box 4.1 Chemical Leasing in a middle-income country: wastewater treatment in Colombia 

A Chemical Leasing project was implemented 
in Colombia’s petroleum industry through a 
partnership between Ecopetrol and Nalco, 
a chemicals provider specializing in water 
treatment. The aim of this project was to treat 
wastewater from oil production processes in 
environmentally sound and cost-effective ways. 
Following project implementation, there was a 
20 per cent reduction in chemicals consumption 
while water treatment costs were reduced 
by 80 per cent (US dollars 2.2 million) over 
10  months (Moser and Jakl 2014). The unit 
of payment shifted from dollars per kilogram 
treatment agent to a unit price (per kilogram 
barrel of fluid) for the treatment service. This 
project won the first Global Chemical Leasing 
Award gold medal in 2010 (Jakl 2011). 

application�of�agrochemicals;�corrosion�and�
surface protection in the automotive and 
electric�appliances�industry;�and�cleaning�in�the�
hospitality�sector�(Joas,�Abraham�and�Joas�2018).

The�Chemical�Leasing�business�model�has�been�
successfully implemented for almost two decades 
in�a�number�of�countries�(Jakl�and�Schwager�2008;�
UNIDO�2016;�OECD�2017).�At�the�global�level,�the�
UNIDO�Global�Chemical�Leasing�Programme�has�
promoted�this�business�model�since�2004�(UNIDO�
2019).�An�example�of�a�successful�Chemical�
Leasing�approach�in�a�middle-income�country�
is�presented�in�Box�4.1.�The�2016�Declaration�
of�Intent�on�Chemical�Leasing�has�been�signed�
by�Austria,�El�Salvador,�Germany,�Serbia,�Sri�
Lanka�and�Switzerland.�Additional�countries�may�
consider�joining�(Chemical�Leasing�2016).

Economic perspectives on chemicals 
management services

The�economic�advantages�of�Chemical�Leasing�
have�been�analyzed.�A�recent�study�(OECD�2017)�
reported�that�the�benefits�of�increasing�the�user’s�
competitiveness include direct cost savings 
(reduction of chemical quantities if processes are 
further�optimized);�indirect�cost�savings�(through�
energy�and�waste�management);�access�to�better�
knowledge, with improvement of processes 
and�reduction�of�risks;�and�reliable,� long-term�
business�relationships.�In�addition,�the�benefits�of�

increasing the supplier’s competitiveness include 
higher�profits�(monetary�reward�for�supply�of�
expertise�and�services);�reduced�raw�materials�
costs;�reliable,�long-term�business�relationships;�
access to knowledge about the application of 
chemicals;�and�first-hand�experience�concerning�
areas�for�improvement/innovation�of�substances.

One economic incentive for customers to switch 
to CMS can be the reduction of the often hidden 
costs of the management, use and purchase 
of�chemicals�(Figure�4.2).�Implementing�a�CMS�
programme�may�result�in�significant�cost�savings;�
further incentives include outsourcing of functions 
that do not represent a core competency of the 
company, while manufacturing processes and 
data management can also be strengthened 
(Chemical�Strategies�Partnership�n.d.a).

Research� shows� that� Chemical� Leasing� has�
improved the economic and environmental 
performance of companies across the chemicals 
supply chain and provided access to new markets 
(Moser�and�Jakl�2014;�Joas,�Abraham�and�Joas�
2018).�In�Austria�alone,�some�4,000�companies�
were�identified�as�having�the�potential�to�benefit�
from�Chemical�Leasing,�potentially� reducing�
annual use of chemicals by one-third and costs 
by�15�per�cent�(OECD�2013).�Nevertheless,�the�
uptake�of�Chemical�Leasing�has�not�been�as�
rapid�as�it�could�be.�More�work�is�needed�to�

Figure 4.2 Visible and hidden chemicals management costs (based on Bierma and Waterstraat 
1997, p. 3; adapted from CSP n.d. b, p. 6)

Visible chemical purchase cost

Hidden management cost

 › Purchasing
 › Transportation
 › Warehouse
 › Production
 › Maintenance
 › EHS
 › Information 

systems
 › Disposal fees
 › Liability

Chemical management costs are 
like the hidden portion of an iceberg

These management 
costs can be large: up 
to US dollars 3 for every 
US dollars 1 spent on 
chemicals.

However, these costs are 
often overlooked because 
they are hidden among many 
department budgets.

US dollars 1

US dollars 3
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understand and overcome the obstacles which 
hinder�the�uptake�of�this�approach.�

4.3 Coordination benefit models: 
eco-industrial parks and chemical 
parks

Coordination�benefit�models�are�business�models�
based on the coordination of nearby agents, 
where better economic and environmental 
benefits�can�be�obtained�than�if�there�were�no�
coordination.� In�the�context�of�coordination�
between companies located near one another, 
a�coordination�benefit�model�can�be�referred�
to as “industrial symbiosis” (Bilsen et al.�2013).�
From a chemicals management perspective, 
both eco-industrial and chemical parks are of 
interest.�While�eco-industrial�parks�may�host�
a wide range of companies, including chemical 
companies,� chemical� parks� specifically� host�
chemical�companies.

Eco-industrial parks

Chemical companies may be part of eco-industrial 
parks�(EIPs)�in�which�businesses�cooperate�with�
each other and with the local community to 
reduce�waste�and�pollution�and�efficiently�share�
resources�(e.g.�information,�materials,�water,�
energy,� infrastructure�and�natural�resources).�
They may be planned from scratch or evolved 

over�time.�The�well-researched�Kalundborg�Eco-
Industrial�Park�in�Denmark�is�an�example�of�the�
latter.�Companies�in�the�region�collaborate�in�
using each other’s by-products and otherwise 
share�resources�(Chertow�and�Park�2016).�The�
number�of�EIPs� is� increasing�(UNIDO,�World�
Bank Group and German Corporation for 
International�Cooperation�[GIZ]�2017).�Around�
250�existed�globally� in�2018,�compared�with�
only�50�in�2000�(World�Bank�2018).�While�the�EIP�
concept�mainly�originated�in�Northern�Europe,�
an increasing focus by international development 
organizations has led to the scaling up of these 
parks in developing countries (Kechichian and 
Jeong�2016).

Evidence� of� the� economic� benefits� of� eco-
industrial�parks�is�well-documented.�Firms�in�
Ulsan Mipo and Onsan, part of the Republic 
of�Korea’s�Eco-Industrial�Park�Initiative,�have�
invested� US�dollars�520�million� in� energy�
efficiency, industrial symbiosis, waste 
management and other environmentally 
friendly�improvements.�That�investment�has�
yielded US dollars 554 million in savings, while 
the�firms�have�generated�US�dollars�91.5�billion�
in�revenues�(UNIDO,�World�Bank�Group�and�
GIZ� 2017;� World� Bank� 2018).� The� initiative�
is� part� of� the� country’s� Eco-Industrial� Park�
Program,�led�by�the�Korea�Industrial�Complex�
Corporation�(KICOX),�which�has�resulted�in�56�
new�patents,�savings�of�6.48�million�tonnes�of�
CO2�equivalent,�and�collective�financial�benefits�of�

Figure 4.3 Global growth of eco-industrial parks (EIPs) (adapted from Kechichian and Jeong 2016, 
p. 15)
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Figure 4.3 Global growth of eco-industrial parks (EIPs) (adapted from Kechichian and Jeong 2016, 
p. 15)
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US dollars 1,680 million (World Business Council 
for�Sustainable�Development�[WBCSD]�2018).

Ownership and funding of eco-industrial parks

In�many�cases�the�land�where�eco-industrial�
parks are located is owned by the government, 
although� it�may�be�privately� owned.� At� the�
development�stage�the�most�common�financing�
options are public investment or a public-private 
partnership.�Some�parks�may�also�attract�foreign�
investment�(Erkman�and�Van�Hezik�2016).�A�park�
can�request�external�funding�when�it�is�created�
and�during�the�first�years�of�operation,�but�it�
should be economically sustainable in the long 
run.�Private�investment,�government�subsidies�
and multi/bilateral donor support are among 
the�main�external�funding�sources.�Companies�
are likely to become interested in becoming 
tenants if they perceive the added value of a 
park’s�services�(UNIDO�2017).�Figure�4.4�shows�
sources�of�revenue�for�eco-industrial�parks.

What are chemical parks and what are their 
benefits?

A�chemical�park�is�a�business�model�that�brings�
together raw material suppliers, chemical 
manufacturers, producers of specialty chemicals, 
service providers and other companies at one site 
(American�Institute�of�Chemical�Engineers�2011).�

It�can�be�defined�as�a�“chemical�manufacturing�
complex�which�possesses�controlled�entrance�
and� exit� points� and� accommodates� several�
separately owned chemical manufacturing 
companies”� (Dambmann� and� Allford� 2003).�
These sites, managed professionally, provide 
a range of services, allowing investors and 
businesses�to�concentrate�on�their�core�fields.�
The concept, which originated in the 1990s in 
Germany,�has�expanded�to�other�regions�and�
countries,�particularly�China.�The�main�drivers�
of chemical parks in China are restructuring and 
improvement of technological standards in the 
country’s chemical industry, and the promotion 
of regional economic development through 
making investment more attractive to foreign 
and�domestic�investors.�Chemical�parks�in�China�
are managed at both provincial and national 
levels�(Hauthal�and�Salonen�n.d.).�

Chemical�parks�can�have�numerous�benefits�for�
tenants from both economic and environmental 
perspectives.�A�study�carried�out�at�the�Rizhao�
Economic�and�Technology�Development�Area�
in�China�found�that�economic�benefits�resulting�
from� sound� environmental� standards,� tax�
preferences,�material�substitution�and�financial�
subsidies were critical drivers for stakeholder 
participation in industrial symbiosis (Yu, Han 
and�Cui�2015).�Kalundborg�Park�in�Denmark,�a�
pioneering site for chemical an industrial park, 

Figure 4.4 Eco-industrial parks’ sources of revenue (adapted from UNIDO 2017, p. 49)
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was developed because there was a need for 
rational consumption of steam by the Statoil 
refinery.� In�exchange�for�steam,�the�refinery�
sends�its�effluent�cooling�water�to�a�coal-fired�
power plant as boiler feed (Planète Énergies 
2016).�Box�4.2�describes�the�Shanghai�Chemical�
Industry�Park.

Challenges and policy opportunities related to 
chemical industrial parks

A�number�of�challenges�exist� in�establishing�
chemical parks and mobilizing investors and 
businesses.� Apart� from�difficulties�with� the�
mobilization of initial investments, companies 
may,�for�example,�not�be�convinced�they�will�
receive a reasonable return when they invest 
in�related�upgrades,�renovations,�more�efficient�
processes,�or�changes�in�business�practices.�
They may also be concerned about information 
sharing�with�potential�competitors�(LeBlanc�et al. 
2016).�Another�challenge�for�a�chemical�park�
operator�is�to�attract�new�companies.�Other�
barriers relate to technological development 
and� capacity� building.� However,� promoting�
cooperation among stakeholders though active 
involvement by policymakers can help overcome 
these�barriers�(Zhu�et al. 2014).

4.4 Customer-centric business 
models

The development of customer-centric business 
models�is�an�important�dimension�of�Industry�4.0�
(or�the�Fourth�Industrial�Revolution)�(Renjen�2018).�
These models involve a better understanding of 

customer needs and wants, as well as ensuring 
that the right strategies, processes and marketing 
initiatives are in place to satisfy them (Kroner 
2014).�A�customer-centric�model�is�built�around�
a deep understanding of customers, what they 
value, and the contribution each makes to a 
company’s�profitability.�This�includes�delivering�
a�positive�and�seamless�customer�experience�at�
every touch point across the customer life cycle, 
maintaining active dialogue with customers, and 
fostering a culture that puts the customer at the 
heart�of�the�decision-making�process�(EY�2013).�
It�may�also�involve�more�direct�marketing�and�
sales operations to reach consumers faster and 
more�efficiently.

4.4.1 Additive manufacturing/3-D 
printing

The rise of additive manufacturing/3-D 
printing

The development of advanced manufacturing 
technologies, and growing consumer demand 
for more customized products and services, 
are�bringing�about�significant�changes�in�the�
scale and distribution of manufacturing (Ford 
and�Despeisse�2016).�3-D�printing,�also�known�
as additive manufacturing, is a consumer-
centric business model with the potential to 
revolutionize� production� processes.� It� has�
important�implications�for�the�chemical�industry.�
3-D�printing�replaces�traditional�manufacturing,�in�
which products are manufactured at a company’s 
main�production�facility�and�shipped�elsewhere.�
An�additively�manufactured�product�is�printed�
layer by layer, with each cross section stacked 
on�top�of�the�one�below�it.�This�is�done�without�
using large, high-throughput machinery, and at 

Box 4.2 The Shanghai Chemical Industry Park (Zeng and Bathelt 2011) 

The Shanghai Chemical Industry Park, in operation since 2004, is the site of chemical production 
by the petroleum industry. It is about 29.4 km2 in size and has direct access to the Pacific Ocean. 
The park is a fully developed industrial area, equipped with infrastructure including streets, 
internal pipelines, public utilities and environmental protection facilities. All of these have been 
provided by the Shanghai Chemical Industry Park Development Corporation, which operates and 
manages the park. In 2006 the park hosted 14 chemical firms with a labour force of 3,250 and 
total sales of 29.0 billion Yuan (around US dollars 3.6 billion). New investments were expected to 
lead to a total chemical labour force of 20,000 in the region.
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Box 4.2 The Shanghai Chemical Industry Park (Zeng and Bathelt 2011) 

The Shanghai Chemical Industry Park, in operation since 2004, is the site of chemical production 
by the petroleum industry. It is about 29.4 km2 in size and has direct access to the Pacific Ocean. 
The park is a fully developed industrial area, equipped with infrastructure including streets, 
internal pipelines, public utilities and environmental protection facilities. All of these have been 
provided by the Shanghai Chemical Industry Park Development Corporation, which operates and 
manages the park. In 2006 the park hosted 14 chemical firms with a labour force of 3,250 and 
total sales of 29.0 billion Yuan (around US dollars 3.6 billion). New investments were expected to 
lead to a total chemical labour force of 20,000 in the region.

hundreds or thousands of remote locations, with 
near-zero�waste�(Phansey�2014).

By�“democratizing”�manufacturing,�3-D�printing�
allows small fabrication businesses to reduce 
labour�costs�and�offer�manufacturing�services�
close� to� the�point�of�need.�Service-oriented�
businesses�are�evolving�which�offer�libraries�and�
exchanges�for�3-D�printable�digital�blueprints;�
services�to�transmit�these�blueprints;�and�services�
for�networking�of�3-D�printers�(Duffy�2016).�3-D�
printing avoids the need to invest in producing 
moulds, which requires large product orders to 
achieve�scale.�This�is�of�special�significance�for�
small�and�medium-sized�manufacturing�firms�
(Wayne�2017).

In�light�of�these�opportunities,�the�global�additive�
manufacturing�market�is�expected�to�grow�to�
more�than�US�dollars�6�billion�by�2022,�with�a�
compound annual growth rate of more than 
13�per�cent�between�2016�and�2022�(Market�
Research�Engine�2017).�Apart�from�providing�
more�customer-centric�solutions,�3-D�printing�
provides�significant�economic�and�environmental�
benefits.�It�is�estimated�that�it�will�reduce�costs�
by�US�dollars�170-593�billion,�primary�energy�
supply�by�2.54-9.30�exajoules,�and�CO2 emissions 
by�130.5-525.5�megatonnes�by�2025�(Gebler,�
Schoot�Uiterkamp�and�Visser�2014).

3-D�printing�technology�has�significant�potential�
for developing countries, as the cost of printers 
is� falling�below�US�dollars�500�(Ibrahim�et al. 
2015).�3-D�printing�has�the�potential�to�contribute�
to economic empowerment and improve the 
livelihood of communities in developing countries 
by providing opportunities to design and create 
tools that support and improve people’s daily 
lives�(Ishengoma�and�Mtaho�2014).�A�growing�
number� of� non-profits� are� promoting� and�
supporting�the�use�of�3-D�printing�technology�
in�developing�countries�(Molitch-Hou�2014).

What does 3-D printing mean for chemicals 
and waste management?

Chemical companies are already developing a 
range of plastics and resins, as well as metal 
powders and ceramic materials, for printing 
prototypes of products, industry parts and semi-
finished�goods.�3-D�printing,�as�a�consumer-
centric�business�model,�provides�significant�
opportunities for the chemical industry through, 
for�example,�developing�innovative�feedstocks,�
printing lab equipment, and maintaining 
plant�assets�(Guertzgen�2017).�It�also�provides�
opportunities to use waste materials such as 
plastics�as�raw�material�for�3-D�printing�(Walker�
2017).�Moreover,�3-D�printing�can�enhance�design�
flexibility�for�chemical�equipment,�for�example�
with unique designs for modular distillation 
columns (Mardani et al. 2016)� and� packing�
for� rotating�packed�beds� (Gładyszewski�and�
Skiborowski�2018).�

3-D�printing�can�improve�efficiency�and�reduce�
the time required to manufacture individual 
batches.�For�example,�a�maker�of�invisible�braces�
has�used�3-D�printing�to�increase�batch�size�and�
reduce�the�time�required�to�run�each�batch.�The�
company also requires less space compared with 
its traditional manufacturing method (Pullen 
2014).�In�addition,�plastic�waste�can�be�turned�
into�3-D�printing�filament,�so�that�3-D�printing�
becomes a viable means of consuming waste 
plastics (Kreiger et al.�2014;�Mohammed�et al. 
2017).

Researchers�have�designed�a�3-D�printer� to�
synthesize pharmaceuticals and other chemicals 
from simple, widely available starting compounds 

© 2019 Aprecia Pharmaceuticals, 3D-Printed tablets for oral suspension 
manufactured by Aprecia LLC all rights reserved
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fed�into�a�series�of�water�bottle-sized�reactors.�
This technology could one day enable consumers 
to�3-D�print�their�own�drugs�(Service�2018).�The�
technology also enables the manufacture of 
medications that rapidly disintegrate with a 
sip of liquid even at high doses, which could 
help�people�who�have�difficulty�swallowing�pills�
(Crawford�2015).

Potential health and environment concerns 

Despite�its�significant�potential,�3-D�printing�may�
also�pose�risks.�Concerns�have�been�expressed,�
for�example,�about�material�use,�exposure�and�
emissions� (European�Agency� for�Safety�and�
Health�at�Work�2017).�While�in�general�additive�
manufacturing is considered environmentally 
preferable to conventional manufacturing, 
because of its potential for local production 
and nearly zero-waste manufacturing, research 
indicates that environmental performance 
depends�on�patterns�of�use,�the�configuration�
of�the�3-D�printer�and�the�materials�used�(Yale�
School of Forestry & Environmental Studies 
2017).�3-D�printing�can�therefore�have�varying�
environmental�impacts;�for�example,�the�use�of�
polylactic�acid�(PLA)�bioplastic�consumes�less�
energy than the use of acrylonitrile butadiene 
styrene�(ABS)�plastic�(Faludi�et al.�2015).�

Many�kinds�of�3-D�printing�machines�exist,�but�
not�all�of� them�can�be�operated�waste-free.�
An�inkjet�3-D�printer�wastes,�for�example,�40-
45 per cent of its ink (the portion that is not 
recyclable)�(Faludi�2013).�Also�of�concern�is�that�
3-D�printers�often�use�non-environmentally�
friendly�ABS�plastics,�nylons�and�other�non-
recyclable materials and post-processing 
chemicals�that�can�create�toxic�fumes.�Moreover,�
it has been shown that these printers can emit 
ultrafine�particles�or�volatile�organic�compounds�
(VOCs).�Caution�should�therefore�be�used�when�
operating�printers�and�filament�combinations�
in poorly ventilated spaces, or without the aid 
of�combined�gas�and�particle�filtration�systems�
(Azimi�et al. 2016).� In�addition,�strategies�for�
safe�disposal�of�3-D�printed�parts�and�printer�
waste materials are needed (Oskui et al. 2016).�
There�are�also�concerns�that�3-D�printing�could�
lead to renewed materialism, with consumers 

driven to print more, encouraging a culture of 
consumption�and�disposal�(March�2015).

4.4.2 e-commerce: selling chemicals 
online

Business-to-business e-commerce websites

Chemical distribution is evolving rapidly, with a 
growing number of companies and distributers 
selling�chemicals�online.�In�addition,�e-commerce�
is a new way for small and medium-sized chemical 
distributors� to� reach� existing� and� potential�
customers�(Independent�Chemical�Information�
Service�[ICIS]�News�2016).�Amazon�Business,�
for�example,� is�a�business-to-business�(B2B)�
platform that allows registered businesses to 
shop�for�office,�janitorial�and�industrial�goods�
online� and� obtain� volume� discounts.� One�
chemical company engaged in e-commerce 
is� BASF,�which� in�mid-2015� opened� its� first�
e-commerce�store�in�China�using�the�Alibaba�B2B�
marketplace�platform.�Its�goal�was�to�make�the�
company’s products and services more accessible 
to�small�and�medium-sized�enterprises�(SMEs)�
(Ling�and�Pflug�2015).�BASF�later�announced�it�
would�establish�a�flagship�online�store,�along�
with other major chemical companies such as 
Covestro,�on�Alibaba’s�B2B�platform,�1688.com�
(ICIS�Chemical�Business�2018).�Specialty�chemical�
companies have launched their online stores on 
the same platform to provide an easily accessible 
procurement�process�(Evonik�2017;�Solvay�2018).�

E-commerce platforms selling to consumers

Online shopping platforms selling to consumers, 
such�as�Alibaba,�Ebay�and�Amazon,�are�growing�
rapidly.�Consequently,�an�increasing�number�
of� hazardous� chemicals�may� find� their�way�
onto�markets.�Some�of�the�major�e-commerce�
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platforms�have�hazardous�chemical�policies.�
Alibaba� has� a� “Flammable,� Explosive� and�
Hazardous Chemicals” policy which prohibits the 
posting�of�explosives,�radioactive�or�poisonous�
chemicals, ozone-depleting substances and 
other� harmful� substances.� Purchasing� such�
materials could lead to delisting of the poster’s 
account� (Alibaba� 2018).� Under� Amazon’s�
“Hazardous�and�Dangerous�Items”�policy,�users�
are prohibited from listing items for sale that 
contain�bisphenol�A,�carbon�tetrachloride�and�
red�phosphorus,�explosive�substances,�products�
contaminated with radiation, mercury products 
and�refrigerants,�among�others�(Amazon�2018).�
Ebay has a “Hazardous, restricted or regulated 
materials policy” which lists items that cannot 
be advertised on its website, the violation of 
which could lead to removal of the listing and 
suspension�of�accounts�(Ebay�2018).

Challenges

Despite these policies, little is known about 
the� extent� to�which� e-commerce� platforms�
have chemical policies and, if so, whether 
these policies are compatible with regulatory 
requirements.�There�are�also�questions�about�
which�jurisdictions�guide�(or�should�guide)�the�
chemical policies of e-commerce platforms, 
and�how�the�selling�companies�can�effectively�
monitor�compliance�or�violations.�To�illustrate�
the challenges, under the European Chemicals 
Agency’s� (ECHA)�enforcement�scheme�1,314�
internet advertisements were checked for 
hazardous� chemical� mixtures,� of� which�
82�per�cent�were�found�to�be�non-compliant�with�
the�EU’s�Classification,�Labelling�and�Packaging�
(CLP)�regulation�(Stringer�2018).� If�a�company�
sells chemicals online in several regions, it is 
important for the company to know and follow 
all the rules and regulations for each region, as 
chemical products and the selling of them are 
subject�to�different�rules�in�different�countries�
(Clarity�2015).

4.5 Social entrepreneurship business 
models

Social enterprise: a model for change

The purpose of a social enterprise combines 
revenue�growth�and�profit-making�with�respect�
and support for its environment and stakeholder 
network�(Agarwal�et al.�2018).�Social�enterprises�
lie at a point of convergence between the non-
profit�and�for-profit�spheres,�combining�the�
social�orientation�and�objectives�of�NGOs�with�
the�market-driven�practices�of�businesses.�A�
social enterprise does not do social good to 
improve its image or regard this as a means to 
increase�sales.�Rather,�it�pursues�social�objectives�
and uses business approaches to attain these 
objectives�(Panum�and�Hansen�2014).�A�social�
enterprise business model is essentially driven by 
a�social�mission,�generates�positive�externalities�
for society, and recognizes the centrality of the 
entrepreneurial business function (Bocken et al. 
2014).

Social enterprises create economic value as a 
tool to achieve social goals (Perrini and Vurro 
2006).�Profit� is�seen�as�a� tool� for�advancing�
sustainability.� In� this�way,�enterprises�move�
away from grant dependency to become self-
sufficient�through�the�creation�of�income�streams�
(Panum�and�Hansen�2014).�Social�Enterprise�
UK,�in�its�State�of�Social�Enterprise�Survey�2015�
(Villeneuve-Smith�and�Temple�2015),�found�that�
the social enterprise movement was growing 
rapidly,�with�a�greater�proportion�(40�per�cent)�
of social enterprises increasing their turnover as 
compared�to�mainstream�SMEs.�This�growth�is�
driven by the increasing power of the individual 
(especially�millennials),�a�shift�to�greater�trust�
of businesses, and technological change and 
advancement�(Agarwal�et al.�2018).�

Social enterprises address a range of social 
issues.�These�include�social�and�environmental�
issues with direct or indirect links to chemicals 
and�waste�management.�A�social�enterprise�
addressing the problem of plastic waste in Kenya 
through�recycling�is�described�in�Box�4.3.

How do we know whether an enterprise 
contributes social and environmental value? 
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The�Social�Enterprise�Mark�is�an�example�of�
an international social enterprise accreditation 
scheme that enables social enterprises to 
demonstrate�they�are�making�a�difference.�It�
independently guarantees that a business’s 
central�aim�is�to�use�its�income�and�profits�to�

maximize�positive�social�and/or�environmental�
impacts, and that this takes precedence over 
maximizing�personal�profits�for�owners�and�
shareholders�(Social�Enterprise�Mark�CIC�2018).�
Figure�4.5�shows� the�evolution�of� the�social�
enterprise.

Box 4.3 Ocean Sole: a social enterprise in Kenya (Panum and Hansen 2014)

Ocean Sole is a social enterprise operating in Kenya. The founder, Julie Church, was appalled by 
the vast amount of plastic flip-flops washed up on shore in northern coastal Kenya, disturbing 
marine life. This gave her the idea of collecting the flip-flops and recycling them into crafts, 
facilitating the employment of local unemployed women as a workforce. Ocean Sole started with 
the proposition of creating environmental and social value through the collection and recycling of 
flip-flops and through environmental awareness-raising in local communities, as well as among 
the eventual consumers. Embedded in this value proposition is education of the public, together 
with nudging its behaviour towards using recycled products.

The business model of Ocean Sole is effectuated through three main phases: collection of the 
flip-flops, recycling, and sale. The process is as follows:

Collection of 
flip-flops drying craftingwashing and 

disinfecting gluing sale

The crafts are sold in shops in and around Nairobi, in retailer outlets in Kenya, and internationally.

Figure 4.5 Evolution of a social enterprise (adapted from Agarwal et al. 2018, p. 3)
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© Ocean Sole Africa , one of Ocean Sole’s products
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Social enterprises may fill gaps in governance

Social enterprises have the potential to support 
and�build�on�government�initiatives�(Ding�2017).�
They�may�also�fill�gaps�when�governmental�action�
is�lacking.�They�can�have�significant�impacts�in�
countries with low levels of state capacity to 
address�social�problems.�From�a�government�
perspective, collaborating with social enterprises 
can result in short- and long-term gains for public 
budgets�through�reduced�public�expenditure�and�
increased�tax�revenue�(OECD�and�EC�2013).�If�
such�benefits�are�identified,�enabling�government�
institutions, resources and policies may be used 
to scale up social enterprises, including through 
partnerships with local governments (Shockley 
and�Frank�2011).�

Social enterprises’ contributions to chemicals 
and waste management

Social enterprises that address chemicals and 
waste management issues, directly or indirectly, 
are�emerging�in�many�countries.�For�example:

 › A�Melbourne,�Australia,� social� enterprise�
called Green Collect gathers hard-to-recycle 
waste and employs socially disadvantaged 
people to refashion it into useful items to 
sell back to the companies that threw it out 
(Smith�2016).

 › Wecyclers, a waste management social 
enterprise� in� Lagos,� Nigeria,� encourages�
households�to�collect�and�turn�in�waste.�They�
receive “Wecyclers points” that can be used to 
buy�household�goods�and�services.�Wecyclers�
sorts and aggregates the collected materials 
and sells them to local recycling processors 
(Okeugo�2015).

 › TackleTox is a social enterprise that displays, 
on�a�map,�information�about�toxic�chemical�
substances� emitted� by� corporations.� It�
currently�provides�toxic�scores�for�over�28,000�
facilities in both the Republic of Korea and the 
United�States�(Yoon�2018).

 › Fairphone is a social enterprise that aims to 
make smartphones in a modular way, so 
they can be easily repaired and upgraded 

over�a�longer�period�of�use.�It�also�avoids�
using minerals mined in conditions of armed 
conflict�and�human�rights�abuses�(Keizer�et al. 
2016).�Fairphone�works�with�its�partners�to�
set up projects in Ghana to improve local 
waste collection efforts and transport 
discarded�phones�to�Europe�for�safe�recycling.�
Fairphone’s Take Back Program helps ensure 
that old mobile phones are reused or properly 
recycled�(Fairphone�2016).

 › Code�Enterprise�LLP�is�India’s�first�cigarette�
waste� management� and� recycling� firm.�
It� operates� in� 20� states� and� has� already�
recycled 4 tonnes of cigarette butts into 
useful�products.�A�chemical�process�is�used�
to recycle discarded cigarette butts into 
clean cellulose acetate, the polymer used 
in�the�butts.�By-products�can�also�be�used�
for�plantations�and�nurseries.�The�recycled�
polymer material is used to make cushions, 
garlands,�small�stuffed�toys,�accessories�and�
key�chains�(Roy�2018).

Challenges and opportunities

When they start a social enterprise, most 
entrepreneurs face challenges in securing 
funding�and�investment�capital.�Locating�the�right�
manufacturer or supplier is another challenge for 
product-based social enterprises (Muhammed 
2018).�Still�another�challenge�is�mission�drift,�as�
a result of which enterprises abandon their social 
concerns�in�favour�of�profit-seeking�activities.�This�
can�cause�internal�conflict�and�lack�of�support�
from�stakeholders.�It�is�therefore�important�for�
companies to avoid or rebalance mission drift 
(Ramus�and�Vaccaro�2017).

Governments in a number of countries use policy 
tools�such�as�fiscal�incentives,�grants,�awareness�
campaigns and incubation to encourage social 
enterprises�(Sanchez�2016).�For�example,�in�the�
United�Kingdom�social� investment� tax�relief�
(SITR)�has�been�introduced.�SITR�encourages�
individuals to support social enterprises and 
receive�a�tax�deduction�equal�to�30�per�cent�of�
their investment (Government of the United 
Kingdom�2016).�In�India,�the�Maharashtra�State�
Social�Venture�Fund�aims�to�invest�in�profitable�
and scalable business ventures with the potential 
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to� provide� social� benefits� to� the� people� of�
Maharashtra�(SIDBI�Venture�Capital�n.d.).

4.6 Potential measures to advance 
the sustainability of business 
models

New�and�evolving�business�models,�such�as�
service-oriented�models�(Chemical�Leasing)�and�
models�for�benefit�coordination�(e.g.�chemical�
parks),�as�well�as�social�enterprises,�can�create�
opportunities to advance the chemicals and 
waste�management� agenda.� Other� models�
(e.g.�3-D�printing�and�e-commerce)�are�also�
evolving�rapidly�and�will�benefit�from�careful�
scrutiny.� Taking� into� account� the�preceding�
analysis, stakeholders may wish to consider the 
following measures to advance the sustainability 
of business models:

 › Promote service-oriented chemicals 
management approaches, such as Chemical 
Leasing,�to�enhance�resource�efficiency�and�
decrease�use�of�hazardous�chemicals.

 › Use chemical parks as a model for sharing 
services, learning and information among 
companies,�including�SMEs.

 › Explore� the� role� and� stimulate� the�
establishment of social enterprises to support 
the sound management of chemicals and 
waste at all levels

 › Review� the� chemistry� dimension� of� 3-D�
printing/additive manufacturing and take 
measures to reap its full potential by managing 
potential�risk�early�on.

 › Take measures to ensure that the distribution 
of chemicals through e-commerce meets high 
standards of chemical hazard communication, 
and�is�fully�compliant�with�relevant�legislation.
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Fiscal incentives to advance sound 
chemicals management and sustainable 
chemistry
Chapter Highlights

The use of market-based instruments to manage hazardous chemicals and waste 
is limited, but increasing.

Market-based instruments can effectively complement command and control 
regulatory measures, such as bans or restrictions.

Market-based instruments create incentives for cost-effective substitution and 
can spur innovation.

Reforming subsidy programmes that provide perverse incentives is often a 
challenge.

Careful design, evaluation and flexibility are needed to adjust instruments to 
market reactions.

Political economy considerations are important when implementing market-
based instruments

Fiscal incentives are government policies that 
change the relative price of a given activity or 
input, either encouraging or discouraging its 

use.�This�chapter�takes�stock�of�the�extent�of,�and�
lessons�learned�from,�the�use�of�fiscal�incentives�
for�chemicals�management.� It�discusses�the�
effectiveness,�benefits�and�challenges�of�market-
based instruments, within the broader array of 
possible�policy�instruments�in�the�context�of�
chemicals�and�waste�management.

5/

5.1 Market-based instruments as an 
important complement to bans 
and use restrictions

Many market-based instruments can be used 
to create fiscal incentives for sound chemicals 
management

A�wide�range�of�market-based�instruments�are�
used�in�chemicals�management�(Table�5.1).�They�
stimulate behavioural change by providing price 
signals to chemical producers and manufacturers, 
downstream users, consumers and waste 
management�agents,�among�others.�Incentives�
can� be� created� by� removing� existing� price�
distortions that generate perverse incentives for 
overuse, or by implementing new market-based 
instruments�such�as�taxes,�charges,�deposit-
refund�systems,�subsidies�and�tradable�permits.�
The�level�of�taxes�and�charges�should�ideally�
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be�set�so�that�all�externalities�(i.e.�the�full�cost�
to society from production, consumption and 
disposal of targeted chemicals of concern, or 
products�that�include�such�chemicals)�is�reflected�
in�their�price�(Sterner�and�Coria�2011).

Market-based instruments can create 
incentives for cost-effective substitution and 
spur innovation

The� two�main�arguments� in� favour�of�fiscal�
incentives�are�that�they�can�be�more�cost-effective,�
and better at promoting innovation, than bans, 
use�restrictions�or�technology�standards.�These�
command and control policies (commonly used 

Table 5.1 Types of market-based instruments and examples of their application to chemicals 
management (based on Stavins 2001; Sterner and Coria 2011; OECD n.d.)

Policy 
instrument

Description Example of application

Tax By increasing the price of using a chemical, a tax incentivizes decreased 
use. Typically levied by the state, with its proceeds going to the general 
budget. The level should reflect the damages caused by production, use and/
or disposal of the chemical, which in the absence of the tax would not be 
reflected in the market price. 

Pesticides; inorganic fertilizers; 
chlorinated solvents; batteries

Charge/fee Similar to a tax, but revenues are typically earmarked. The level of a fee 
should reflect the cost of providing a specific service, such as processing 
hazardous waste.

Hazardous waste; pesticide 
or chemical containers; tyres; 
batteries

Subsidy A subsidy is the mirror image of a tax. It can provide incentives to increase 
the use of alternative chemicals that are less hazardous. In particular, 
authorities may want to subsidize learning and technology development. 

Subsidies for organic farming; lead 
paint removal

Subsidy 
removal

In many cases subsidies are used without giving sufficient attention to 
their distribution, potentially resulting in unsound practices from a health or 
environmental perspective. Hence, subsidy removal is considered a policy 
instrument in its own right. 

Removal of subsidies for use of 
chemical fertilizers or pesticides

Deposit-
refund

A surcharge is paid when potentially polluting products are purchased. A 
refund is received when the product is returned to an approved centre, 
whether for recycling or for disposal.

Pesticide or chemical containers; 
batteries; tyres

Tradable 
permits 

An overall level of “allowable” pollution is established and allocated among 
firms in the form of permits. These permits can be traded on a market at 
market prices.

Lead in gasoline (trade among 
refineries); ozone-depleting 
substances (trade among 
producers and importers)

Box 5.1 Shifting taxes from labour to resource use and pollution (Groothuis 2016) 

Achieving sustainability is affected by a number of factors They include efficient use of resources, 
closing material loops, reducing (toxic) waste, reclaiming waste as raw material, and designing 
materials and chemicals that fit these purposes. An independent Dutch think tank researched 
a possible shift of taxation of labour to pollution, use of resources and consumption. In the 
Ex’tax Policy Toolkit they presented a suite of tax base options through which such a shift can be 
designed, covering topics such as building materials, food production, metals and minerals, and 
waste. Key findings of the research were that a shift in taxation would result in increased GDP, 
create jobs, and cut emissions and pollution. This shift incentivizes sustainable business models 
and innovation, including in the chemical sector, given an increase of the cost of water, harmful 
emissions, metals and minerals through systematic application of the polluter pays principle. 
Moreover, reductions in labour costs, combined with increased resource and pollution costs, are 
expected to support labour-intensive R&D efforts, repair, maintenance and collection of waste, 
thus stimulating ecological product design.
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a possible shift of taxation of labour to pollution, use of resources and consumption. In the 
Ex’tax Policy Toolkit they presented a suite of tax base options through which such a shift can be 
designed, covering topics such as building materials, food production, metals and minerals, and 
waste. Key findings of the research were that a shift in taxation would result in increased GDP, 
create jobs, and cut emissions and pollution. This shift incentivizes sustainable business models 
and innovation, including in the chemical sector, given an increase of the cost of water, harmful 
emissions, metals and minerals through systematic application of the polluter pays principle. 
Moreover, reductions in labour costs, combined with increased resource and pollution costs, are 
expected to support labour-intensive R&D efforts, repair, maintenance and collection of waste, 
thus stimulating ecological product design.

in�chemical�risk�management)�typically�allow�very�
little�flexibility�in�regard�to�the�means�of�achieving�
specific�targets�(Stavins�2001).�Instead,�all�firms�
must meet the same target no matter how costly 
the�change.�However,�the�cost�of�complying�with�
a�ban�or�use�restriction�often�differs�between�
companies.�This�may�be�due�to�differences�in,�for�
example,�production�processes�and�sunk�costs�
from�technology�investments.�Figure�5.1�provides�
an�example�of�differences�in�the�marginal�costs�
of�reducing�the�use�of�trichloroethylene�(TCE)�in�
metal�degreasing.

Companies have an incentive to substitute the 
targeted chemical as long as the marginal cost 
of substitution is lower than the cost of using 
the�targeted�chemical.�By�allowing�firms�with�
different�substitution�costs�to�reduce�use�on�
different�time�scales,�market-based�instruments�
can�incentivize�a�cost-effective�reduction�in�the�
use�of� the� targeted� chemical.�Moreover,� by�
increasing�the�cost�of�using�a�specific�chemical,�
taxes�and�charges�can�spur�innovation�and�the�
search�for�new�alternatives.�Innovation�can�be�
further�incentivized�if�tax�proceeds�are�invested�
back into the search for cleaner, less harmful 
substances.�

Market-based instruments complement rather 
than replace bans and use restrictions

While market-based instruments have some 
merits, there are many situations in which their 
use�is�less�appropriate.�For�example,�when�the�
health�and�environmental�costs�of�exposure�to�a�
hazardous�chemical�are�very�high,�the�effects�are�
location-specific�or�threshold�effects�are�likely.�
In�such�situations�bans�and�use�restrictions�are�
more�appropriate�(Weitzman�1974).�In�practice,�
many�context-specific�factors�(e.g.�information�
constraints, administrative costs, distributional 
effects� and� political� economy� pressures)�
determine which policy instruments are most 
effective� and� feasible� to� implement.� Policy�
instrument�design�therefore�needs�to�be�context-
specific.

In�many�cases�it�can�be�beneficial�to�combine�
market-based instruments with restrictions on 
exposure�to�hazardous�chemicals.�Introducing�
a�tax�or�charge�which�creates� incentives�for�
substitution and innovation can make it easier 
to implement tougher use restrictions or even 
bans�at�a�later�stage.�Transparency,�and�access�
to information on the use of chemicals and its 
associated�effects,�are�often�prerequisites�for�
effective�design�and�implementation�of�market-
based�instruments.

Figure 5.1 Marginal cost of reducing the use of trichloroethylene (TCE) in metal degreasing 
(adapted from Slunge and Sterner 2001, p. 292)
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The�marginal�cost�of�reducing�the�use�of�TCE�(or�replacing�its�use�altogether)�in�metal�degreasing�
were�reported�by�65�companies�in�Sweden.�For�most�companies�the�marginal�costs�were�relatively�
low,�but�some�reported�that�it�would�be�very�costly�to�reduce�TCE�use.



Global Chemicals Outlook II

558

5.2 Experience with using market-
based instruments in key 
industry sectors

Use of fiscal incentives to manage hazardous 
chemicals: limited but increasing

Compared with other policy areas, the use 
of market-based instruments in chemicals 
management� is� relatively� limited.� Market-
based instruments are mainly used in high-
income countries, but a number of low- and 
middle-income countries have also begun to 
use them, particularly in relation to hazardous 
waste management and reducing the use of 
plastic�bags.�In�many�cases�where�market-based�
instruments have been used for chemicals 

management, formal evaluations of their 
effectiveness�are�lacking.�The�cases�presented�
below illustrate some applications, as well as 
problems that policymakers face in designing 
policy�instruments.

Taxing pesticides to reduce environmental and 
health risks 

Several countries, including Denmark, France, 
Norway� and� Mexico,� have� begun� to� use�
differentiated�taxation�of�pesticides�(mainly�plant�
protection�products)�to�incentivize�farmers�to�
reduce�the�use�of�hazardous�pesticides�(Box�5.2�
and�Figure�5.2).�Factors�taken�into�account�in�
determining� the� taxes� include,� for�example,�
hazard properties, health risks, environmental 

Box 5.2 Risk-based pesticide taxation in Norway and Denmark

In Norway a new taxation scheme for pesticides (plant protection products) was introduced 
in 1999. Pesticides were classified in different risk groups, with higher taxation for higher risk 
categories. Figure 5.2 indicates that a shift towards using pesticides that were relatively less 
hazardous resulted. A difficulty with classifying pesticides into distinct risk categories is that those 
with similar levels of environmental and health risks may show big differences in their tax rates if 
they are at the bottom or top of their respective risk categories. An alternative pesticide taxation 
scheme was introduced in Denmark in 2013. Under this scheme, the tax level for each approved 
pesticide was calculated based on its human health risks and environmental characteristics. 
Instead of distinct risk categories, the tax level was based on an environmental load index 
ranging from 0 to 40. There was considerable difference in the tax levels, which ranged from 
euros 0.57 to euros 25.5 per hectare. The new pesticide taxation scheme was projected to play 
a major role in achieving the government’s objective of reducing the total quantity of pesticides 
applied by 40 per cent between 2013 and 2015 (Böcker and Finger 2016). Preliminary evaluations 
indicate that this objective was met (Ørum, Kudsk and Jensen 2017). Pesticide taxation in Norway 
and Denmark is combined with tax exonerations for farmers who fulfil specific requirements 
regarding pesticide management and observe other use restrictions.
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load or environmental harm, depending on the 
country.�Recent�evaluations�have�found�evidence�
that�taxation�which�is� linked�to�hazards�and�
risks�can�be�effective� in�reducing�pesticides’�
environmental�and�health�effects.� In�contrast,�
non-differentiated�taxation�of�pesticides�(e.g.�
through�ad�valorem�or�per�unit�taxes)�can�have�
unintended consequences, as quantity reductions 
may be achieved through substitution with 
more�toxic�products�(Finger�et al.�2017).�Closer�
proportionality�of�taxes�to�reduce�environment�
and health risks may also increase the chance 
that�a�tax�is�perceived�as�fair.�Such�taxation�may�

not only enhance the economic desirability of 
taxes,�but�also�increase�their�political�legitimacy�
(Söderholm�and�Christiernsson�2008).

Reforming subsidy programmes which create 
perverse incentives is often difficult in practice

Many countries provide substantial subsidization 
of agrochemicals in order to promote agricultural 
production�and�increase�food�security.�However,�
these subsidies can have severe negative 
environmental�effects�and�they�imply�a�high�fiscal�
burden.�The�nature�of�the�environmental�effects�

Figure 5.2 Effects of differentiated taxation on quantities of pesticides sold in Norway, 1997-2008 
(adapted from Kjäll 2012)
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Under� the� taxation�scheme�for�pesticides� (plant�protection�products)� introduced� in�Norway� in�
1999,�pesticides�were�divided�into�five�risk�groups�with�higher�taxation�for�higher-risk�groups.�A�
shift�towards�using�more�of�the�relatively�less�hazardous�pesticides�took�place.

Box 5.3 The fertilizer subsidy programme in India

To incentivize agricultural production, the central government in India subsidizes the use of 
chemical fertilizers. This has played an important role in increasing grain production. However, 
the cost to the government of keeping fertilizer prices below the market price has increased 
dramatically since the subsidy programme was introduced in the late 1970s. In 2015 the cost of 
fertilizer subsidization was estimated at approximately US dollars 12 billion. 

There is limited evidence concerning this programme’s environmental effects. It can be shown that 
the programme has led to imbalanced use of nutrients by farmers through keeping the price of 
urea (an inexpensive form of nitrogen fertilizer) at a very low level. Excessive and imbalanced use 
of nutrients has contributed to soil degradation and water pollution (Gulati and Banerjee 2015). 
A key challenge in reforming the programme is that many farmers are financially dependent on 
these subsidies (Praveen et al. 2017).
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depends on how the subsidy programme is 
designed�and�on�site-specific�agroenvironmental�
conditions.�This�makes�it�difficult�to�carry�out�
a general environmental assessment of the 
benefits�of�agricultural�subsidization.

Reducing or removing subsidies is often 
difficult,�as�they�tend�to�encourage�lobbying�by�
beneficiaries�in�order�to�protect�and�prolong�the�
subsidies.�Box�5.3�describes�the�fertilizer�subsidy�
programme�in�India.

Market-based instruments can be used at 
different stages in the chemical life cycle 

Market-based instruments are applied at 
different�stages�of�the�chemical� life�cycle.�For�
example,�in�the�United�States�chemical�producers�
and manufacturers took part in schemes with 
tradable�permits� to� incentivize� refineries� to�
phase�out�lead�in�gasoline�in�1982-1987,�and�in�
the phase-out of ozone-depleting substances 
in the early 1990s (Harrington, Morgenstern 

Box 5.4 Chemical taxes on consumer products in Denmark and Sweden

Responding to growing concerns about risks from cumulative exposure to hazardous chemicals in 
consumer goods, in 2000 Denmark introduced a tax on products containing PVC and phthalates. 
The rate was approximately euros 0.3 per kilogram of PVC and euros 0.9 per kilogram of phthalate, 
with some variation depending on the product. As part of broader tax reform, the Danish 
government decided to abolish this tax in 2019. The effects of the tax are uncertain (Stringer 
2017). An early assessment pointed to a 15 per cent decrease in the use of phthalates between 
2002 and 2004 (Government of Denmark 2006). The rate has not changed or been adjusted for 
inflation since the tax came into effect. European regulations on phthalates have since been 
introduced. 

Sweden introduced a tax on certain chemicals in electrical and electronic products in 2017. 
Producers and importers of these products pay an excise duty of around euros 0.8 per kilogram 
for kitchen appliances and euros 0.12 per kilogram for other electronic products. There is a 
maximum amount of euros 32. per item. If producers and importers can prove that electronic 
products do not contain additive compounds of bromine, chlorine or phosphorus, they can obtain 
a 50 per cent tax deduction. If they can also show that the products do not contain reactive added 
bromine or chlorine compounds, a deduction of 75 per cent is allowed. Since the tax recently 
came into force, it has not yet been evaluated. However, it has been criticized by industry for not 
being based on comprehensive risk assessment and for being administratively burdensome.

Box 5.5 Different effects of charges on plastic bags in Ireland and South Africa

Charges have been used in several countries to reduce demand for plastic bags. The primary 
purpose has been to reduce plastic littering. The effects of these charges are mixed. A charge of 
euros 0.15 per bag, introduced in Ireland in 2002, led to a 90 per cent reduction in use and reduced 
littering (Convery, McDonnell and Ferreira 2007). Similarly, in South Africa the charge of around 
euros 0.05 (rand 0.46) introduced in 2003 led to an estimated 90 per cent reduction in demand 
for plastic carrier bags. However, after pressure from manufacturers the charge was lowered 
after only three months and demand for the bags increased again (Dikgang, Leiman and Visser 
2010). In Ireland, besides the effect of the charge on demand, extensive stakeholder consultations 
and information campaigns conducted in relation to the plastic bag charge contributed to the 
effectiveness of the policy instrument. In South Africa the revised charge was too low to affect 
demand. Since 2015, large retailers in England have been required by law to charge 5 pence 
(around euros 0.06) for single-use plastic carrier bags. The seven main retailers issued around 
83 per cent fewer bags (over 6 billion bags fewer) in 2016-2017 compared to the calendar year 
2014. This is equivalent to each person in England using around 25 bags in 2016-2017, compared 
to around 140 bags per year before the charge (United Kingdom Department for Environment, 
Food & Rural Affairs 2018).
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and� Sterner� 2004).� The� Norwegian� tax� on�
trichloroethylene and perchloroethylene from 
2000�is�an�example�of�chemicals�used�in�the�metal�
manufacturing industry and dry-cleaning facilities 
being�targeted�(Slunge�and�Sterner�2001).�Taxes�
on�phthalates,�polyvinyl�chloride�(PVC)�and�flame�
retardants introduced in Denmark and Sweden 
are� examples� of� taxes� targeting� consumer�
products where it is the importer or product 
seller�who�pays�the�tax�(Box�5.4)�Taxes�and/
or�fees�on�plastic�bags�used�in�Ireland,�South�
Africa,�the�United�Kingdom,�the�United�States�
and�a�number�of�other�countries�are�examples�
of�those�paid�by�consumers�(Box�5.5).�In�Canada,�
Loblaw�Companies�Limited�has�estimated�that�
its voluntary 5 cent fee on plastic bags prevented 
the use of 11 billion bags in Canada subsequent 
to�its�launch�in�2007.�Proceeds�are�donated�to�an�
environmental�organization�(Loblaw�Companies�
Limited�2017,�p.�11).

Charges and refunds used to finance 
hazardous waste management

Charges and deposit refund systems are 
frequently applied in the management of 
hazardous wastes such as batteries, end-of-

life vehicles, and waste electric and electronic 
equipment.� These� instruments� can� both�
incentivize�reduced�use�of,�for�example,�batteries�
containing�hazardous�chemicals,�and�finance�
systems for the collection and processing of 
hazardous�waste.�Box�5.6�describes�how�a�charge�
on waste electric and electronic equipment 
(WEEE)� is� used� to� finance� hazardous�waste�
management�in�China.

In�many�countries�the�establishment�of�extended�
producer� responsibility� (EPR)� systems� has�
shifted the cost of waste management from 
authorities to producers and greatly increased 
the�rate�of�recycling�of�different�waste�categories.�
A�provincial�EPR�programme�for�tyres�across�
Canada,� for� example,� increased� the� rate� of�
collection to ~90 per cent, and largely eliminated 
the stockpiling and burning of end-of-life tyres 
countrywide� (Canadian� Association� of� Tire�
Recycling�Agencies�2018).�However,�little�effect�
has�been� seen�on�product�design.�Costs� to�
producers are often not directly connected with 
their�own�products,�while�insufficient�collection�
further lowers the incentive for eco-design 
(Kalimo et al.�2015;�Turner�and�Nugent�2016;�
Zeng�et al.�2017).

© ARIMAG/Shutterstock
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5. 3 Context-specific design of 
market-based instruments is 
critical for their effectiveness

 Careful design, evaluation and flexibility 
are important in order to adjust to market 
reactions

Optimally,�a�“green�tax”�should�be�set�such�that�
the marginal damage is equal to the marginal 
benefit�of�using�the�chemical.�From�the�point�of�
view�of�economic�efficiency,�it�is�desirable�to�target�
policy�instruments�to�specific�environmental�or�
health�damage�as�closely�as�possible.�The�risk�
of restricting the use of chemicals that do not 
cause�negative�health�and�environmental�effects�
is�thereby�reduced.�The�design�of�a�particular�
policy instrument also needs to carefully consider 
technical and political complications associated 
with the distribution of the regulatory costs 
and�benefits�that�result�from�targeting�actors�
at�different�stages�of� the�chemical� life�cycle�
(Söderholm�2009;�Coria�2018).

Good�knowledge�of�context-specific�factors�such�
as price elasticities, market structure, availability 
of� substitutes,�and�exposure�characteristics�
for regulated hazardous chemical facilitates 
the�choice�and�design�of�policy� instruments.�
However, in many cases there is a lack of data, 
and�assessments�based�on�existing�data�are�often�
surrounded�by�considerable�uncertainties.�There�
is a need for careful data collection, monitoring 
and�evaluation�of�the�performance�of�different�
policy�instruments�for�chemicals�management.�

Flexibility�to�adjust�tax�levels�after�observing�
market�reactions�is�also�necessary.�

Balancing�the�benefits�of�a�targeted�approach�
against its transaction costs is a key dilemma 
in� policy� instrument� design� (Vatn� 1998).� It�
may�be�difficult�or�impossible�to�acquire�the�
needed information on the production of the 
chemical itself, so that those planning such 
an approach would typically move up the life 
cycle,�for�example�taxing�use�of�the�chemical�as�
an input to the production of other goods and 
services.�However,� in�some�cases�information�
on the production of other goods and services 
is hidden or private and the regulator is forced 
to�use�taxes�and�similar�instruments�based�on�
final�disposal�of�the�chemical.�This�is�the�case�for�
non-point pollution, where the regulator can only 
observe�final�pollution�levels�in�the�aggregate.

Political economy considerations are 
important when implementing market-based 
instruments

The introduction of market-based instruments 
for chemicals management often faces resistance 
from interest groups which will pay higher 
taxes�or�will�no�longer�benefit�from�a�subsidy.�
Consultation and monitoring of stakeholders’ 
reactions to a newly created incentive are 
important in order to help avoid undesired side 
effects�and�ensure�that�incentives�operate�at�the�
right�level.�How�information�on�policy�change�
is�communicated�(and�how�revenues�are�used)�
are�often�critical�to�successful�implementation.

Box 5.6 The waste electric and electronic equipment (WEEE) recycling fund in China

Several areas in China have been severely polluted due to crude methods of WEEE recycling in an 
uncontrolled informal sector. To help create a regulated formal sector for safe WEEE recycling, the 
WEEE Processing Fund Collection and Subsidy Management Approach was introduced in 2012. 
Producers and importers pay a charge based on annual sales and product type. Revenues are 
placed in a government fund which is used to support formal dismantling companies (Gu et al. 
2017). The fund system effectively reduced the informal sector for the original five product groups 
and established a formal sector consisting of more than 100 licensed enterprises (Zeng et al. 
2017). However, the fund is financially imbalanced, as subsidies to the formal enterprises are five 
to 10  times higher than the fee charged to producers and importers of electric and electronic 
products (Gu et al. 2017; Zeng et al. 2017).
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5.4 Potential measures to scale up 
the use of fiscal incentives

The use of market-based instruments has the 
potential�to�effectively�complement�regulatory�
approaches to advance the sound management 
of�chemicals�and�waste.�Further�international�
research and knowledge sharing could help to 
reap�the�full�potential�of�these�instruments.�
Taking into account the preceding analysis, 
stakeholders may wish to consider the following 
measures�to�scale�up�the�use�of�fiscal�incentives�
to advance sound chemicals management and 
sustainable chemistry:

 › Expand�the�use�of�differential�taxation�of�
hazardous chemicals, based on lessons 
learned from recent hazard- and risk-based 
taxation.

 › Evaluate�and�address�the�effects�of�subsidies�
and other policies that can generate perverse 
incentives which increase use of hazardous 
chemicals�in�agriculture�and�other�sectors.

 › Use charges to speed up the phasing out of 
substances�of�very�high�concern.

 › Evaluate the use of market-based 
instruments for groups of chemicals, based 
on the precautionary principle applied to the 
identified�hazards�of�the�active�ingredients�
in� similar� chemicals� (e.g.�taxes� on� flame�
retardants�and�phthalates).

 › Use�legal�requirements�for�Extended�Producer�
Responsibility, environmental liability and 
access to information in order to incentivize 
sound chemicals management, in line with 
the�polluter�pays�principle.

 › Establish a policy learning process through 
systematic monitoring and evaluation of 
the�effectiveness�of�policy�instruments�for�
chemicals�management�in�different�sectors�
and�contexts.

Box 5.6 The waste electric and electronic equipment (WEEE) recycling fund in China

Several areas in China have been severely polluted due to crude methods of WEEE recycling in an 
uncontrolled informal sector. To help create a regulated formal sector for safe WEEE recycling, the 
WEEE Processing Fund Collection and Subsidy Management Approach was introduced in 2012. 
Producers and importers pay a charge based on annual sales and product type. Revenues are 
placed in a government fund which is used to support formal dismantling companies (Gu et al. 
2017). The fund system effectively reduced the informal sector for the original five product groups 
and established a formal sector consisting of more than 100 licensed enterprises (Zeng et al. 
2017). However, the fund is financially imbalanced, as subsidies to the formal enterprises are five 
to 10  times higher than the fee charged to producers and importers of electric and electronic 
products (Gu et al. 2017; Zeng et al. 2017).
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Sustainable supply chain management for 
chemicals and waste in the life cycle
Chapter Highlights

A number of retailers, product manufacturers and companies in the chemical 
industry have taken measures to include sustainability in their procurement 
processes.

Identifying and sharing information on chemicals in products, and their human 
and health impacts in the life cycle, are important but challenging.

Industry action to advance the flow of information in the supply chain on 
chemicals, and products that contain chemicals, is gaining momentum, although 
gaps remain.

The recycling sector, which has a key role to play in advancing non-toxic material 
flows and circularity, needs to have appropriate knowledge about the chemicals 
in its supply chain.

Sustainable supply chain management is essential in ensuring that procurement 
decisions comply with sustainability criteria and create a force driving upstream 
suppliers.

While the generation of relevant data and knowledge is valuable, green and 
sustainable chemistry principles can already be applied in the design of new 
products.

The� complexity� of� global� value� and�
supply chains and the increasing trade 
in chemicals and products (discussed in 

Part�I)�create�both�the�need�and�opportunities�
for key actors in the supply chain to understand 
and take action with respect to chemicals and 
products�throughout�the�product�life�cycle.�This�
chapter focuses on sustainable supply chain 
management.� It�provides�both�a�conceptual�
discussion�and�examples�from�key�actors� in�
the�value�chain,�in�order�to�enhance�the�flow�of�
information and sustainability considerations 
within�the�supply�chain.

6/

6.1 Drivers for sustainable supply 
chain management

From supply chain risk management to 
sustainable supply chain management

Companies have traditionally focused on 
managing technological and economic risks that 
occur along their supply chains though supply 
chain�risk�management�(SCRM)�strategies.�Supply�
chain�risk�may�be�defined�as�“the�likelihood�and�
impact�of�unexpected�macro�and/or�micro�level�
events�or�conditions�that�adversely�influence�any�
part of a supply chain leading to operational, 
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tactical, or strategic level failures or irregularities” 
(Ho et al.� 2015).� However,� the� image� of� a�
company – large- or small-scale - is not only 
related to its economic performance, but also 
to its environmental and social behaviour and 
impacts.�These�may�include�impacts�caused�by�its�
suppliers and sub-suppliers in the supply chain 
(Leppelt�et al.�2013).�Certain�companies�in�the�
pharmaceutical�sector,�for�example,�have�been�
held responsible for the environmental conduct 
of some of their suppliers (Fick et al.�2009).�

It� makes� business� sense� for� companies� to�
know as much as possible about the chemicals 
in�their�products�and�supply�chains.�There�are�
costs companies may eventually have to pay for 
not knowing about, or not acting on, harmful 
chemicals in their products and supply chains, 
whereas� they� could� reap� benefits� through�
managing� chemicals� safely.� Nevertheless,�
most�product�sectors�do�not�have�sufficient�
information systems in place to ensure reliable 
information�exchange�on�chemical�content,�and�
active strategies are required to facilitate that 
exchange�(Rossi�2014).

Forward-looking industries are not only 
addressing environmental and social 
sustainability issues related to their production 
processes�and�products;�they�have�also�begun�
to identify and address potential risks associated 
with their upstream supply chains (Foerstl, Reuter 
and�Blome�2010;�Boström�et al.�2015).�These�
sustainability considerations along the supply 
chain are driven by the objectives of lowering 
reputational risks, enhancing operational 
performance, and ultimately enhancing 
competitiveness.� Companies� can� derive�
numerous�business�benefits�from�sustainable�
supply�chains,�including�product�differentiation;�
increased market share and growth in consumer 
support;� reduced� compliance� and� supply�
chain�management�costs;�and�better� labour�
productivity�(EY�2016).�

An�important�aspect�of�sustainable�supply�chain�
management is companies’ understanding of 
the sustainability priorities of stakeholders, 
including�downstream�customers.�Understanding�
these stakeholder concerns may, in turn, be 
translated into signals to their own suppliers 
and sub-suppliers (Foerstl et al.�2015).�Figure�6.1�

Figure 6.1  Interface of demand and supply in driving the sustainability of chemicals in the supply 
chain

Recycling and 
waste sector

Supply 
of 

sustainable 
products

Supply Supply Supply

Final disposal

Consumers Retailers
Product 

manufacturers 
and brands

Chemical 
industry

Chemical raw 
material and 

feedstock 
providers

Demand 
for 

sustainable 
products

Demand Demand Demand

Consumers�and�retailers�play�important�roles�in�driving�demand�for�safer�chemicals�and�products.�
At�the�same�time,�green�and�sustainable�chemistry�innovations�can�drive�the�development�of�
safer� chemicals�and�products� “downstream”� in� the�value�and�supply� chains.�Both� “pull”� and�
“push”�approaches�are�important�and�can�complement�each�other.
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represents the interface of demand and supply 
for sustainable products throughout the supply 
chain, from consumer retailers and retailer 
demand to the chemical industry and the 
suppliers�of�its�feedstocks.

The role of retailers in influencing upstream 
supply and procurement 

Retailers are in a critical position to drive the 
sustainability�activities�of�different�entities�along�
the supply chain (Sebastiani et al.�2015).�They�
are�closest�to�consumers�in�the�supply�chain.�
They�also�have�both�financial�and�reputational�
incentives to implement management 
programmes that recognize potential concerns, 
as well as to reduce or eliminate specific 
chemicals�from�products�in�their�supply�chain.�
Consumers in both developed and developing 
countries consider ingredient transparency to be 
one of the biggest issues companies face (Retail 
Industry�Leaders�Association�[RILA]�n.d.).�Many�
retailers have become leaders in incorporating 
sustainability considerations in their business 
practices�and�procurement�processes�(Lo�2013).�
They are working individually and collectively 
to discontinue the use of those chemicals of 
highest concern and thereby address consumer 
expectations�(Box�6.1).�This�can�be�done�through,�
for�example,�chemical� ingredient�assessment,�
supplier chemical assessment, restricted 
substances lists, and substituting or redesigning 
to�eliminate�priority�chemicals�(RILA�n.d.).�

The role of downstream product 
manufacturers and brands

Similarly, proactive product manufacturers 
engage in voluntary chemicals management 
practices to stay ahead of compliance regulations 
and�maintain�relationships�with�stakeholders.�
Many have joined coalitions to collaboratively 
address sustainable supply chain management, 
including its chemicals management dimension 
(Box�6.2).� An� important� component�of� such�
chemicals management strategies is enhancing 
communication about the presence of chemicals 
in products in the supply chain and assessing 
potential�risk.� Increasing�preference�is�being�
given to suppliers which help companies meet 
their�sustainability�goals�(EY�2016).�Furthermore,�
certifications�and�standards�that�reflect�risk-based�
approaches to sustainability are being advanced, 
such as the United States Green Building Council 
(USGBC)�initiative�on�the�Integrative�Analysis�of�
Building�Materials�(USGBC�2019).

Companies�may�also�expand�their�relationships�
beyond auditing and monitoring, and invest in 
capacity building and training of suppliers, in 
order�to�work�towards�shared�commitments.�An�
example�is�the�amfori�Business�Environmental�
Performance� (BEPI)� Supply� Chain� Chemical�
Management module, which supports members 
in addressing chemical issues in their supply 
chain within a collaborative framework with 
common� tools� and� standards.� The�module�

Box 6.1 Examples of chemical sustainability initiatives in the retail sector

In 2013 Walmart, one of the world’s largest retailers, announced its sustainable chemistry policy. 
This policy includes goals for restricting 2,700 harmful chemicals in household products by 2022; 
increased transparency of ingredients; and encouraging suppliers to certify their products to 
third-party standards such as the US EPA’s Safer Choice (Sustainable Brands 2017; Porter 2018; 
Sager-Rosenthal 2019). 

The large North American retailer Target has also announced a new chemical strategy addressing 
the company’s entire value chain and operations and every product it sells. Target has a policy 
of commitment to transparency, proactive chemicals management, and innovation across all its 
owned and national brand consumer products and operations (Target 2017; Porter 2018; Sager-
Rosenthal 2019). In Europe the home improvement retailer Kingfisher has published a chemicals 
policy focusing on transparency, chemicals management and innovation (Kingfisher 2018).

The largest pharmacy chain in the United States, CVS, has updated its list of restricted chemicals 
for use in baby, beauty and personal care and food products. It will remove parabens, phthalates 
and formaldehyde donors from more than 600 products (Sturcken 2017). 
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Box 6.1 Examples of chemical sustainability initiatives in the retail sector

In 2013 Walmart, one of the world’s largest retailers, announced its sustainable chemistry policy. 
This policy includes goals for restricting 2,700 harmful chemicals in household products by 2022; 
increased transparency of ingredients; and encouraging suppliers to certify their products to 
third-party standards such as the US EPA’s Safer Choice (Sustainable Brands 2017; Porter 2018; 
Sager-Rosenthal 2019). 

The large North American retailer Target has also announced a new chemical strategy addressing 
the company’s entire value chain and operations and every product it sells. Target has a policy 
of commitment to transparency, proactive chemicals management, and innovation across all its 
owned and national brand consumer products and operations (Target 2017; Porter 2018; Sager-
Rosenthal 2019). In Europe the home improvement retailer Kingfisher has published a chemicals 
policy focusing on transparency, chemicals management and innovation (Kingfisher 2018).

The largest pharmacy chain in the United States, CVS, has updated its list of restricted chemicals 
for use in baby, beauty and personal care and food products. It will remove parabens, phthalates 
and formaldehyde donors from more than 600 products (Sturcken 2017). 

provides a platform and tools to communicate 
with producers in all tiers, improve their 

chemicals�management�and�respond�to�detox�
concern�(amfori�2019).�

Box 6.2 Downstream sector sustainable supply chain initiatives addressing chemicals of concern

                                                                      The Responsible Business Alliance (RBA) is the world’s 
largest industry coalition dedicated to electronics 
supply chain responsibility. RBA members, which are 
held accountable to a Common Code of Conduct, use 
a range of training and assessment tools to support 

continuous social, ethical and environmental responsibility improvements in their supply chains 
(RBA 2018).

The Pharmaceutical Supply Chain Initiative (PSCI) was established by the pharmaceutical sector. 
Its members share a vision of responsible supply chain management, in order to deliver better 
social, health, safety and environmental outcomes in the communities where they buy. The PSCI 
created the Pharmaceutical Industry Principles for Responsible Supply Chain Management, which 
address five areas of responsible business practices and the relevant standards the pharmaceutical 
supply chain is expected to uphold. It has also developed tools to assess supply chains against the 
principles, as well as conducting supplier capacity building workshops and events (Mezaros 2017).

The Responsible Beauty Initiative (RBI) was launched by four industry leaders (Clarins, Coty, 
Groupe Rocher and L’Oréal) and EcoVadis, the leader in supply chain sustainability ratings, as 
a collaborative effort to strengthen sustainable practices, improve environmental footprints 
and social impacts, and maximize shared value across their collective supply chain. By using 
the EcoVadis sustainability ratings tool, RBI members aim to facilitate the social responsibility 
evaluations of their supplier network and engage suppliers more effectively (EcoVadis 2017). 
Another example of such an initiative is the Beauty and Personal Care Sustainability Project, 
which brings together key actors in the value chain (Forum for the Future 2018).

© Jenson/Shutterstock
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The role of the chemical industry in 
sustainable supply chain management

The chemical industry has a major role to play 
in engaging in collaborative relationships, not 
only with downstream customers through 
(extended)�producer�responsibility�but�also�with�
its�own�suppliers.�Some�chemical�companies�
have developed and implemented green and 
sustainable supply chain management practices 
with the integration of environmental concerns 
at the core, such as circular production processes 
and supply chain management and the tracking 
of performance and engagement of suppliers 
through closer supply chain collaborations 
(Genovese et al.� 2017).� Box�6.3� provides� an�
example�of�such�an�initiative.

6.2 Information flow on chemicals in 
the supply chain

Strengthening two-way communication about 
chemicals in the supply chain

Producers and brands downstream of the 
chemical industry have an interest in obtaining 
information about the chemicals in the products 
they� produce.� Practices� to� strengthen� the�
knowledge base of a producer include obtaining 
information�on�the�chemicals�present�in�articles;�

data on releases during production and from 
products;� and� safety� information� (e.g.�from�
safety�data�sheets)�to�be�provided�to�worker�
safety managers, retailers, consumers and 
other� stakeholders.� In� addition,� traceable�
information on waste handling and associated 
recycling processes can prevent the unintended 
contamination of products made from recycled 
materials.�For�example,�the�Proactive�Alliance�
(a group of industry representatives seeking 
full material disclosure of chemicals, including 
retailers�and�product�manufacturers)�is�exploring�
the possibility of a global cross-sectoral standard 
for�exchanging�data�on�individual�articles.�Its�aim�
is for this standard to enable transferring data on 
substances in articles from one sector to another 
and�to�foster�simpler�compliance�declarations.�
This initiative addresses the challenge that many 
sectors have material declaration systems, while 
no� standard� exists� for� sharing� information�
between�companies�in�different�sectors�(Stringer�
2018).

Taking a product life cycle perspective helps 
producers to better understand the supply 
chain from a sustainability point of view, and 
to evaluate a holistic approach to address 
environmental,�economic�and�social� impacts.�
However,�effective�communication�between�
actors in the supply chain is challenging and 
may�be�complex.�Both�push�and�pull�concepts�
are� relevant� to� improving� flows� of� relevant�

Box 6.3 Together for Sustainability: chemical industry collaboration with suppliers to advance 
sustainability

                                                            Together for Sustainability (TfS) is an industry collaboration of 
19 major chemical industry players to drive sustainability in 
the chemical industry supply chain by adopting a harmonized 
set of assessment and audit processes, and by developing and 
implementing a global supplier engagement programme. 
Through training, events and feedback, TfS raises awareness 

of sustainability topics among suppliers and supports continuous improvement of suppliers’ 
sustainability performance (EcoVadis 2015).

In 2015 the initiative’s members conducted a total of around 5,000 sustainability assessments 
and audits. The audit results are available to all TfS members with the suppliers’ consent. BASF, 
one of the founding members, audited 135 supplier sites and initiated 1,044 sustainability 
assessments in 2015. If a need for improvement was discovered, suppliers were supported in 
the development of measures to meet the required standards. If no improvement took place, the 
business relationship was terminated. In 2015 four suppliers did not meet requirements (BASF 
2015).
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data�and�information�in�the�supply�chain.�The�
push dimension refers to chemical industries’ 
responsibility to follow the use of a chemical 
through the chain leading to its customers, while 
the pull dimension refers to retailers, product 
manufacturers and brands pulling information 
from their upstream suppliers, including from 
the�chemical�industry.�

Use of information tools to increase 
transparency on chemicals in the supply chain

There is an increasing 
range of available 
tools companies can 
use to communicate 
sustainability information 
along�the�supply�chain.�
For�example,�companies�
may�ask�suppliers�to�fill�in�

forms about the chemical content of products 
(Scruggs�2013).�Eco-labelling�and�social�labelling�
can be used to verify compliance with important 
aspects of sustainability and to hold suppliers 
responsible for ensuring sustainability in 
supply�chains.�The�Blauer Engel�(Blue�Angel),�the�
German government’s eco-label, has established 
standards for environmentally friendly products 
and services which are decided by an independent 
jury�according�to�defined�environmental�and�
sustainability�criteria.�Around�12,000�products�
and services from some 1,500 companies have 
been�awarded�the�Blue�Angel.�Another�example�
is the Safer Choice programme (formerly Design 
for�Environment,�DfE),�administered�by�the�US�
EPA,�whose�label�covers�over�2,000�products�

and includes requirements for performance, 
packaging,�pH�and�VOCs�(Perlmutter�2015).�

At�the�global�level,�under�SAICM�the�Chemicals�in�
Product�Programme�led�by�UN�Environment�(see�
Part�II,�Ch.�4)�brings�together�SAICM�stakeholders�
to�strengthen�information�flow�on�the�presence�
of�chemicals�throughout�the�supply�chain.�An�
assessment�of�different�tools�for,�and�approaches�
to, managing material information in global 
supply chains prepared within this framework 
by�UNEP’s�Chemicals�in�Products�project�found�
that�IT-supported�information�exchange�systems�
providing�“full�material�disclosure”�(FMD)�were�
the�most�advanced�solution�(UNEP�2015).�

Supplier codes of conduct are a way to establish 
sustainability�expectations�for�the�supply�chain,�
which supply management professionals, 
suppliers and other actors can use to make 
informed�decisions�(UNEP�2014).�Supply�chain�
information systems and product information 
systems provide information on restricted 
chemicals� and� material� declarations.� For�
example,�use�of�the�Globally�Harmonized�System�
for�Classification�and�Labelling�(GHS)�promotes�
the transfer of information to users of chemicals 
through labelling and safety data sheets (Swedish 
Chemicals�Agency�2016).�Other�tools�include�
auditing procedures, procurement guidelines 
and�eco-branding�(Boström�et al. 2015).�

While the chemical industry needs to implement 
effective communication and information 
exchange�with� its�suppliers,� it�also�needs�to�
engage with downstream partners to ensure 

Box 6.4 Strengthening information flows between the chemical industry to downstream customers

The International Council of Chemical Associations (ICCA) represents chemical manufacturers and 
producers around the world. ICCA members account for more than 90 per cent of global chemical 
sales. Increasingly, consumers seek more detailed information from product manufacturers about 
ingredients in the products they use. The ICCA launched a Value Chain Outreach programme, 
starting with the electronics sector and later extending it to the automotive and textiles sectors. 
Through this programme chemical companies aim to improve communication with retailers, 
product manufacturers and others along the chemical value chain concerning how to safely 
manage and use chemicals throughout their entire life cycle, from production, transport and 
use through eventual recycling or disposal. Each part of the value chain shares responsibility 
(i.e. through product stewardship) for prioritizing health, safety and environmental protection at 
each stage of the chemicals’ life cycle (ICCA 2015; Patel 2016).
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that chemical safety information is appropriately 
communicated and that chemicals are put to 
their�intended�use.�Box�6.4�provides�an�example�
of a chemical industry initiative to strengthen 
communication with downstream product 
manufacturers.

The supply chain, and the ability to trace 
chemicals,�become�increasingly�complex�along�
the�value�chain.�Participants�in�the�value�chain�
maintain records and update them continuously, 
which must also be carried out by others in the 
network.�As�a�result,�participants�in�the�supply�
chain potentially incur costs and delays and must 
address inaccuracies, which could be further 
complicated�due�to�third�party�audits.�Important�
information about chemicals in products may be 
missed�out�using�this�approach.�

While� existing� IT� solutions� such� as� the�
International�Material�Data�System�(IMDS)�or�the�
Sustainability�Data�Exchange�Hub�(SustainHUB)�
are�effective,�the�use�of�blockchains�(lists�of�
cryptographic information about individual 
business-to-business�supply�chain�transactions)�
can help decentralize and optimize necessary 
information�flows�and�bring�greater�efficiencies�

to global chemical supply chains (Goodnight 
2017).�Blockchains�could�create�a�new�model�of�
trust by establishing transactional relationships 
between businesses through smart contracts, 
certifications� and� compliance� (International�
Business�Machines�Corporation�2018).

6.3 Collaborative relationships 
for sustainable supply chain 
management

Sustainable Supplier Relationship 
Management

Successfully managing the cross-border and 
often�sector-spanning�nature�of�complex�supply�
chains�entails�governance�challenges.�These�
include addressing geographical distances in 
the�supply�chain;�information,�communication�
and�knowledge�exchange�related�to�supply�chain�
complexity� and� fragmentation;� compliance�
and�implementation�gaps;�challenges�in�supply�
chain�power�relations;�and�credibility� issues�
(Boström�et al.�2015;�Blome,�Foerstl�and�Schleper�
2017).�

Figure 6.2 Sustainable Supplier Relationship Management (SSRM) practices (adapted from Leppelt 
et al. 2013, p. 100)

Sustainable supplier relationship management (SSRM) practices

Foundation Communication Guidance Outcome

1. Separate procurement 
governance policy

2. Code of conduct signed by 
suppliers

3. Supplier self-declaration
4. Audits at all suppliers 

related to supplier 
guidelines

5. Supplier risk assessment 
of social/economic 
factors

6. Standardized process for 
supplier “non-compliance”

7. Communicate code of 
conduct to procurement 
staff

8. Report SSRM to society 
and customers

9. Communicate definition 
of “non-compliance” to 
suppliers

10. Report attainment of 
environmental and social 
targets

11. Standards for supplier 
development

12. Particular threshold for 
supplier development

13. Defined compliance 
manager

14. Sustainable procurement 
trainings

15. Assess impact of supplier 
development

16. Audit on follow up 
actions in case of “non-
compliance”

Reconnection (Control and Adjustment)

17. Monitor compliance at 1st tier level
18. Monitor compliance at 2nd tier level

19. Measure impact of sustainability initiatives
20. Actively monitor compliance

Reprinted with permission from Elsevier.
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Stakeholders often hold the buying companies 
responsible for compliance issues in their 
upstream�supply�chains.�To�address�sustainability�
concerns in upstream supply chains, companies 
need to implement measures that substantially 
affect�supplier�conduct,�with�many�firms�relying�
on improving sustainability performance in 
the supply base through proactive supplier 
management�(Marquis,�Toffel�and�Zhou 2016).�
There is an overview of measures to manage 
supply chains and relationships with suppliers, in 
order�to�meet�sustainability�objectives,�Figure�6.2�
An�important�aspect�of�this�framework�is�the�
fostering of behavioural change in suppliers in 
a cooperative manner, through “inclusive multi-
stakeholder coalitions” rather than through 
prescriptions�by�the�customer.

Broader governance measures need to 
support tools

While the tools discussed above are important, in 
most�cases�they�are�not�sufficient�in�themselves�
to overcome the geographical, informational, 
communication, compliance, power and 
legitimacy challenges that are barriers to 
sustainable�global�supply�chains.�Therefore,� it�
is suggested that such tools be used with a wider 

range�of�approaches�including�(Boström�et al. 
2015):

 › coalition and institution building on a broader 
scale�(e.g.�through�developing�inclusive�multi-
stakeholder�coalitions);

 › ensuring� flexibility� to� adapt� global�
governance arrangements to local social and 
environmental�contexts�of�production�and�
consumption;

 › supplementing� effective�monitoring� and�
enforcement mechanisms with education 
and other programmes to build compliance 
capacity;�and

 › integrating� reflexive� learning� to� improve�
governance�arrangements�over�time.

6.4 Considering circularity in supply 
chain management

Resource� efficiency� considerations� include�
transitioning�from�a�traditional�linear�flow�of�
materials in a “take-make-use-dispose” economy 

© JelloMistress CC BY-SA 4.0, recycling facility
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to�a�more� circular�flow�of�materials.� In� this�
approach a core principle is the elimination of 
waste through improved design of products, 
use of processes that have increased resource 
efficiency,�and�increased�recyclability�of�materials�
(Sheldon�2016).�Circular�supply�chains�therefore�
cover remanufacturing, reuse and recycling 
processes� (Dora,� Bhatia� and� Gallear� 2016;�
Genovese et al.�2017).�Maintaining�the�value�of�
materials, products and resources in the economy 
for as long as possible, and minimizing waste 
generation, represent an essential contribution 
to the development of sustainable, low-carbon, 
resource-efficient�and�competitive�economies�(EC�
2015).�Box�6.5�describes�the�Circular�Economy�
Package�adopted�by�the�European�Commission.

End-of-life treatment of chemicals and 
products is the stage at which improved waste 
management and recycling strategies are 
considered.�In�a�circular�economy,�materials�
that can be recycled are inserted back into 
material and product life cycles as “secondary 
raw�materials”.�One�barrier�to�promoting�the�
use of secondary raw materials is uncertainty 
about their performance quality and chemical 

content,� including� possible� contamination.�
Chemical contamination of articles may prevent 
recycling,�or�it�may�present�new,�unexpected�
exposure�situations�if�contaminated�recycled�
materials are used in products when use of these 
substances was not foreseen (Goldenman et al. 
2017).�In�the�fashion�industry�some�retailers�allow�
customers�to�exchange�unwanted�clothes�for�a�
discount, so as to use them as raw material for 
new�products.�Due�to�complex�supply�chains,�
companies often do not have an adequate 
understanding of conditions in far-away factories, 
including� chemical� use� (Bomgardner� 2016).�
Promotion of uncontaminated material cycles 
and better tracking of chemicals of concern 
in products can help address these concerns 
and facilitate recycling through the uptake of 
secondary,�non-toxic�raw�materials.� Improved�
tracking of chemicals of concern should also be 
used to identify contaminated materials in the 
waste stream and separate them, in order to 
maintain a high recycling rate while generating 
uncontaminated�secondary�raw�materials.

Many stakeholders have embraced the circular 
economy�approach.�The�ICCA,�for�example,�has�

Box 6.5 The Circular Economy Package (EC 2018)

The Circular Economy Package was adopted in December 2015 by the European Commission. 
Four objectives were formulated that pinpoint the direction of innovation in circular supply chain 
management and are relevant to chemicals and waste management (EC 2018):

 › Ensure that appropriate information on substances of concern in products is available to all 
actors in the supply chain and ultimately also becomes available to waste operators. This will 
contribute to the promotion of non-toxic material cycles, and improve the risk management of 
chemicals during repair and other forms of reuse and in waste recovery processes.

 › Make recycling easier and improve the uptake of secondary raw materials by promoting 
non-toxic material cycles. In addition, when considering possible chemical restrictions and 
exemptions to restrictions, more attention needs to be given to their impact on future recycling 
and reuse.

 › Enable a more harmonized interpretation and implementation of end-of-waste rules across 
the EU to further facilitate the use of recovered material within the EU.

 › Ensure a more consistent approach between chemicals and waste classification rules.

In the corresponding EU Action Plan for the Circular Economy, it is stressed that the functioning 
of value chains needs to be rethought. Value chains, especially for complex composite materials 
(e.g. plastics) or chemical formulations (e.g. plant protection products), are closely connected 
with the creation of material cycles, where hazardous chemicals are reduced to a minimum in 
support of a “non-toxic environment” (Goldenman et al. 2017). The new database to be hosted by 
the European Chemicals Agency (ECHA), created under the amended Waste Framework Directive 
on the presence of substances of very high concern (SVHC) in articles, is a concrete measure to 
help achieve this goal (ECHA 2018).
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on the presence of substances of very high concern (SVHC) in articles, is a concrete measure to 
help achieve this goal (ECHA 2018).

expressed�its�commitment�to�play�a�key�role�in�
the systemic transition to a circular economy 
as a key component of sustainability, whereby 
resources and materials are continuously 
cycled to eliminate waste while creating value 
for�all.�According�to�this�view,�circular�economy�
initiatives must embrace a holistic view of the 
economy that considers both environmental and 
societal impacts of a product or material across 
its�life�cycle.�Enabling�policies�are�needed�that�
take a holistic view and consider all stages of a 
product life, including the closure of loops at 
end-of-life, while being transparent, risk-based 
and�flexible�in�nature.�This�will�unleash�market�
forces that drive innovations towards a circular 
economy.�

6.5 Integrating life cycle thinking and 
sustainability into product design 

Taking a systems approach in designing 
products 

To address challenges associated with chemicals 
and� their�products,� it�may�not�be� sufficient�
to base chemical synthesis on functionality 
criteria�only�(e.g.�water�repellency,�resistance�
to�high�temperatures�and�economic�viability).�
Sustainable design and supply chain solutions 
go a step further, considering life cycle impacts, 
from synthesis (energy, water, other chemical 
use)� to� toxicity� and� environmental� effects,�
during the product life cycle as components 
of� chemical� and� product� design� criteria.�
Chemical and product design, synthesis and 

manufacturing are therefore important stages 
for the implementation of broader sustainable 
supply management strategies, which can be 
understood as a systemic shift involving both 
technological and non-technological innovations 
(Kirchherr,�Reike�and�Hekkert�2017;�Homrich�et al. 
2018).�

The coordination of product and supply chain 
design decisions plays a critical role in improving 
the�sustainable�supply�chain’s�performance.�A�
product’s design determines its future costs, 
which in turn depend on the supply chain 
configuration�(e.g.�the�number�and�locations�
of supply chain partners, and their capabilities 
and�capacities)�(Metta�and�Badurdeen�2013).�
Integrating�product�design�in�the�supply�chain�
is therefore a basis for establishing sustainable 
competitiveness�in�increasingly�complex�customer�
markets.�Moreover,�integrating�product�design�
in the supply chain increases communication, 
supply chain visibility and responsiveness, as well 
as reducing supply chain risk (Khan et al. 2016).�
Box�6.6�describes�the�Design�Thinking�approach�
to�advance�sustainability.

Green and sustainable chemistry design 
considerations along the supply chain 

Green and sustainable chemistry, as already 
discussed, encompass the design, manufacture 
and�use�of�efficient,�effective,�safe�and�more�
environmentally benign chemical products and 
processes�(Friege�2017).�While�the�focus�of�green�
chemistry is on reducing waste, increasing yield 
and reducing non-renewable energy and material 
input (along with environmentally conscious 

Box 6.6 The Design Thinking approach to advance sustainability

Design Thinking is a systematic approach to solving complex problems associated with all 
aspects of life. In contrast to conventional approaches, starting with technical solvability, Design 
Thinking puts customer needs (as well as user-centred inventions) at the heart of the process. It 
also requires steady back-coupling between the innovator and the customer. However, Design 
Thinking is not only about product and service innovation. It is a means of increasing the problem-
solving competence of the user, or of the companies using it, for all kinds of product and service 
innovation. Design Thinking is also increasingly used in revising internal company processes, 
especially in areas such as finance and accounting, the supply chain, personnel administration 
and client management, complementing what traditional methods (e.g. Lean Six Sigma) have to 
offer (Waerder, Stinnes and Erdenberger 2017).
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design�of�chemical� reactions�and�products),�
sustainable chemistry has a broader focus, 
in line with broader sustainable supply chain 
approaches.�Table�6.1�provides�an�overview�of�
approaches that can help move from traditional 
to green and biomimetic technologies that enable 
the transition to circular and sustainable supply 
chains.

6.6 Measures to strengthen 
sustainable supply chain 
management

Sustainable supply chain management plays a key 
role in ensuring that purchasing and procurement 
decisions comply with sustainability criteria, and 
that they create a force that will drive upstream 
suppliers to participate in the growing markets 
for�sustainable�products.�Taking�into�account�
the preceding analysis, stakeholders may wish to 
consider the following measures to strengthen 
sustainable supply chain management:

 › Develop sustainable chemistry supply chain 
policies�throughout�the�supply�chain.

 › Enhance information sharing among all 
actors in the supply chain, on chemicals in 
products and chemicals in products’ waste, 
and harmonize approaches to share such 
information.

 › Develop collaborative approaches to 
sustainable supply chain management 
in the private sector that bring together 
companies�in�specific�sectors,�and�include�
other�stakeholders.

 › Promote emerging good practices and 
initiatives in sustainable supply chain 
management for chemicals and waste in 
countries where these ideas, practices and 
initiatives�are�less�well-known.�

 › Take proactive corporate measures to 
design sustainable products and sustainable 
solutions, and become market leaders, taking 
into account green and sustainable chemistry 
approaches.

 › Strengthen legislation on the chemicals and 
waste interface, in order to provide clear 
guidance to recyclers that will advance non-
toxic�materials�flow.

Table 6.1 From traditional to green and biomimetic chemistry technologies (Van Hamelen 2018, p. 6)

TRADITIONAL GREEN AND BIOMIMETIC

 › “Heat, beat, treat”: chemical reactions 
under high temperature, high 
pressure and chemical treatment

 › Organic solvents
 › Fossil feedstock and fossil energy
 › High purity of feedstock is imperative
 › Use of the entire periodic system
 › Resources sourced globally
 › Controlling risk by taking safety 

precautions

 › Chemical reactions take place at room temperature and pressure
 › Water as solvent
 › Low-energy chemical reactions
 › Local feedstocks, diverse sources
 › Degradation is part of design: “timed degradation” of “triggered instability” 

(John Warner), “Nature’s disassembly processes” (Janine Benyus)
 › Functionality is created by the structure, not the material itself
 › Living systems only utilize 25 elements; carbon, oxygen and sodium make 

up 96 per cent of atoms in living systems; other elements are used in trace 
amounts

 › Controlling risk by adopting the inherent properties of the materials
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(John Warner), “Nature’s disassembly processes” (Janine Benyus)
 › Functionality is created by the structure, not the material itself
 › Living systems only utilize 25 elements; carbon, oxygen and sodium make 

up 96 per cent of atoms in living systems; other elements are used in trace 
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 › Controlling risk by adopting the inherent properties of the materials

Sustainability metrics and reporting: 
measuring progress, strengthening 
accountability
Chapter Highlights

A variety of metrics exist to assess the chemicals and waste dimension of 
companies and producers, including life cycle assessment and chemical 
footprint indicators.

Reporting by industry is increasing, and self-reporting in the chemical and 
related industries is complemented by independent external assessments.

Opportunities exist to link, align and/or develop metrics and reporting standards, 
drawing on existing international initiatives.

Stakeholders can take further steps to increase both transparency and rigour, 
thereby ensuring that metrics are fit for purpose and audience.

Opportunities exist to develop a common understanding of green/sustainable 
chemistry metrics.

Metrics and industry sustainability reporting could become important aspects of 
measuring progress in a beyond 2020 framework.

Private sector initiatives and standards, 
including on chemicals and waste, have 
been mentioned in various chapters of 

the� GCO-II.� This� chapter� discusses� metrics�
and reporting schemes aimed at providing 
interested stakeholders with knowledge about 
the performance of the private sector related 
to�sound�management�of�chemicals�and�waste.�
The chapter is not able to cover all relevant 
initiatives.�Nor�does�it�seek�to�judge�the�merit�
of�the�schemes�mentioned.�Rather,�by�drawing�
attention to the topic, it aims to raise the question 
of how metrics and reporting schemes could 
fit�into,�and�be�strengthened�within,�a�global�
approach�on�chemicals�and�waste�beyond�2020.�

7/

7.1 The growing momentum of 
private sector sustainability 
metrics and reporting 

An increasing number of companies report on 
their sustainability performance, including that 
related to chemicals and waste management

Traditional corporate reporting has focused on 
information�that�may�influence�the�decisions�
of� those�who� consult� a� company’s�financial�
statements,�such�as�investors.�More�recently,�
momentum has been generated to integrate 
sustainability�aspects�into�corporate�reporting.�
According� to� some� estimates,� the� share� of�
the�world’s�250�largest�companies�reporting�
on their sustainability performance increased 
from� 35�per�cent� in� 1999� to� 93�per�cent� in�
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2017�(Blasco�et al.�2017).�The�use�of�metrics�to�
assess companies’ environmental, social and 
governance�(ESG)�performance,�as�well�as�their�
economic�performance,�has�grown�significantly,�
particularly�in�the�Asia-Pacific�region�(KPMG�et al. 
2016).�While�the�majority�of�countries�in�the�
world have sustainability reporting policies, such 
policies�are�still�largely�lacking�in�Africa�and�West�
Asia�(Global�Reporting�Initiative�[GRI]�2016).�

Sustainability reporting is often based on 
formalized standards and guidance, and the 
use of the majority of sustainability reporting 
instruments is mandatory (KPMG et al.�2016).�
However, a growing share of reporting 
(approximately�one-third�in�2016)�is�voluntary�
(KPMG et al.�2016).�Materiality�in�sustainability�
reporting implies a broader scope, including 
aspects�that�may�affect�the�company’s�“ability�
to create, preserve or erode economic, 
environmental and social value for itself, its 
stakeholders, the environment, and society 
at� large”� (GRI�n.d.).� If�actors� focus�on�short-
term�financial�aspects,�disclosure�may�lead�to�
management and investment decisions that are 
suboptimal from a sustainable development 
perspective.�

Regulations, consumers, and actors in the 
supply chain drive sustainability reporting

While regulation – and the need for compliance 
– continue to be major drivers of sustainability 
reporting�(Cockcroft�and�Persich�2017),�there�is�
growing awareness in the corporate sector that 
strong performance on sustainability issues and 
transparent�reporting�are�beneficial�to�business�
and provide new opportunities to generate 
revenue.�In�the�long�term,�companies�which�
voluntarily adopt sustainability policies have 
been�shown�to�significantly�outperform�their�
counterparts in terms of market and accounting 
performance� (Eccles,� Ioannou�and�Serafeim�
2014).�Companies�thus�have�an�intrinsic�interest�
in making their contributions to achieving the 
SDGs more visible and communicating them, 
given that these contributions may be overlooked 
or� not� adequately� attributed.� Sustainability�
reporting may also change perceptions of the 
chemical industry and increase competitiveness, 
thereby�attracting�new�talent�(WEF�2019).

The general public and consumers are a main driver 
for�these�developments.�They�are�increasingly�
conscious�of�(and�demand�information�about)�the�

Figure 7.1 Share of the top 100 companies in 34 countries (N100) and of the world’s 250 largest 
companies providing corporate responsibility reports (per cent), 1993-2017 (adapted 
from Blasco et al. 2017, p. 9)
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Figure 7.1 Share of the top 100 companies in 34 countries (N100) and of the world’s 250 largest 
companies providing corporate responsibility reports (per cent), 1993-2017 (adapted 
from Blasco et al. 2017, p. 9)
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sustainability performance of companies and/or 
products�before�making�choices.�The�need�to�gain�
the trust of society is thus an important driver 
for�transparency�(WBCSD�2014).�NGOs�seek�to�
provide relevant information and place pressure 
on companies, naming frontrunners and shaming 
laggards (Follette et al.�2017).�Retailers�may�be�
particularly sensitive to this driver, consequently 
exerting�pressure�on�suppliers.�Suppliers,� in�
turn, are likely to signal a need for information 
on�sustainability�performance�further�upstream.�
Equally important, the chemical industry, 
further upstream, is assessing, auditing and 
communicating its performance, including that 
of suppliers, as is done through the Together 
for� Sustainability� (TfS)� initiative� (TfS� 2016).�
Sustainability reporting by various actors along 
the supply chain thus becomes an important 
source of information for corporate decision-
making.�

Financial market actors also use sustainability 
performance�and�non-financial� information�in�
making�investment�decisions�(Deloitte�2016).�
This steers companies towards improved 
sustainability policies and long-term value 
creation,�as�exemplified�by�a�recent�letter�to�
CEOs from Blackrock, the world’s largest asset 
manager�(Fink�2018).

7.2 A snapshot of private sector 
metrics and reporting on 
chemicals and waste

7.2.1 Metrics and reporting 
developed by industry 

The chemical industry

Industry� associations�
also play a role in 
c o m m u n i c a t i n g 
s u s t a i n a b i l i t y 
performance.� In� the�
context�of�the�Responsible�

Care®� initiative� of� the� International� Council�
of�Chemical�Associations�(ICCA),�participating�
companies collect and report data for a set of 
environmental, health and safety performance 
measures.�While�the�number�of�organizations�
reporting under Responsible Care® has varied 
over the years, reporting rates have increased 
overall.�For�example,�the�number�of�organizations�
reporting on fatalities in the workforce increased 
from�25� in� 2000� to� 42� in� 2013� (ICCA�2015).�
In� the� United� States,� a� Responsible� Care® 
Management System has been established that 
includes�independent�third-party�certification�
and transparent reporting and performance 
metrics�(ICCA�2015).�This�management�system�
has the potential to serve as the benchmark for 

Figure 7.2 Snapshot of Sumitomo’s Corporate Social Responsibility Report: work-related incident 
rate (per cent), 2011-2015 (adapted from Sumitomo Chemical Group 2016, p. 10)
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monitoring and assessing implementation in 
other�countries.

Almost� all� major� chemical� companies� now�
publish�regular�reports�on�ESG�performance.�
For� example,� the� Dow� Chemical� Company�
(2017)� and� the� Sumitomo� Chemical� Group�
(2016)�publish�sustainability�reports�on�a�regular�
basis to communicate performance on selected 
indicators,�increasingly�mapped�against�the�SDGs.�
Under�Chemie3,�a�sustainability�initiative�of�the�
German chemical industry tailored in particular 
to SMEs, 40 economic, environmental and social 
indicators have been developed to measure 
progress towards sustainable development, 
such�as�product�safety�and�resource�efficiency.�
Progress against the indicators is reported 
publicly�and�on�a�regular�basis�(Chemie3�2018).�
In�some�cases�approaches�are�developed�in�
collaboration�with�external�partners,�as�in�the�
case�of�the�Additives�Sustainability�Footprint�of�
the�PVC�industry�(UN�2018).�

Downstream sectors

 

Efforts�to�self-assess�and�report�sustainability�
performance across the supply chain can also be 
observed among chemical-intensive downstream 
companies�and�retailers.�One�example�is�the�

Figure 7.3 ZDHC and PUMA’s rates of compliance with MRSL parameters in wastewater (per cent),  
2017 (adapted from PUMA 2018, p. 10)
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Figure 7.3 ZDHC and PUMA’s rates of compliance with MRSL parameters in wastewater (per cent),  
2017 (adapted from PUMA 2018, p. 10)
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Zero�Discharge�of�Hazardous�Chemicals�(ZDHC)�
initiative,� which� covers� the� global� textile,�
leather�and�footwear�sectors�(ZDHC�2018).�This�
programme�brings�together�24�signatory�brands,�
53�value�chain�affiliates�and�15�associates�whose�
aim is to eliminate the use of priority hazardous 
chemicals�throughout�their�value�chains.�The�
ZDHC�Roadmap�to�Zero�Programme�includes�
harmonized approaches in areas such as its 
manufacturing�restricted�substances�list�(MRSL),�
wastewater quality, audit protocols, and data and 
disclosure�(Figure�7.3).�Rates�of�compliance�are�
made�publicly�available�(ZDHC�2018).�

7.2.2 Independent assessment 
schemes with industry 
participation

 Companies may choose 
to�engage�with�external�
bodies to assess and 
certify their products 
based on a set of criteria 
cover ing selected 
economic, social and/
or  environmental 

topics.�This�may�include�product�recyclability�
assessment�and�certification�schemes,�such�as�
the Cradle to Cradle Product Standard (Cradle 
to�Cradle�Products�Innovation�Institute�2018)�
and�the�textile�production�and�product-specific�
Bluesign�(Bluesign�2018).�Environmental�Product�
Declarations are another reporting tool which 
companies all along the supply chain can use 
to disclose environmental impacts throughout 
the life cycle of products, including aspects 
related to waste management and disposal 
(International�EPD�System�2017).�In�the�building�
sector, the membership-based United States 

Green�Building�Council�(USGCG)�provides�third-
party�certifications�of�buildings�meeting�certain�
sustainability�criteria�(USGBC�2018).

The Future-Fit Business Benchmark (Future-
Fit� Foundation�2017)� seeks� to�support�both�
chemical companies and downstream actors 
in articulating, assessing and transforming how 
they create long-term value for themselves and 
society�as�a�whole.�This�approach�is�based�on�the�
identification�of�an�extra-financial�break-even�
point�for�business,�expressed�as�a�unified�set�of�
social and environmental goals drawing, among 
others, on criteria such as chemical releases and 
the use of chemicals that are likely to build up in 
nature and/or are considered harmful according 
to�the�SIN�(Substitute�It�Now!)�List�(International�
Chemical�Secretariat�[ChemSec]�2017).�Under�
the Future-Fit scheme, independent assurance 
by third parties and publication of the scores is 
optional.

Some of these schemes focus on assessing and 
communicating performance to downstream 
users�and� the�general�public.� The�Chemical�
Footprint�Project�(CFP),�for�example,�provides�a�
quantitative metric which manufacturers, brands 
and retailers can use to measure progress in 
reducing�the�use�of�chemicals�of�high�concern.�
Participation is voluntary and the results are 
made publicly available (Rossi et al.�2017).

A�number�of�broader�sustainability�reporting�
initiatives are in place that also cover – to a 
varying�extent�–�topics�relevant�for�the�sound�
management� of� chemicals� and� waste.� The�
Global�Reporting�Initiative�provides�widely�used�
Sustainability Reporting Standards which include 
guidelines and standards that companies and 

Box 7.1 Johnson’s Greenlist™ Programme (GC3 n.d. a)

S.C. Johnson is a formulator of chemical-intensive products used in millions of households. In 
2001 the company, which does not produce the ingredients that go into its products, launched 
an innovative chemical classification process called Greenlist™ that rates raw materials based 
on their impact on human health and the environment. The scores are reported alongside 
performance and cost information in the company’s chemical formulary, so that chemists can 
easily compare these materials. Over time most suppliers have embraced the Greenlist™ protocol. 
The programme has evolved to the point that suppliers are designing new chemicals based on 
the Greenlist™ scores.
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other organizations can use for sustainability 
reporting�(GRI�n.d.).�The�Sustainability�Accounting�
Standards�Board� (SASB)�provides�standards�
for integrating relevant ESG considerations 
into�reporting.�They�cover�79�industries�in�11��
sectors.�Likely�material�sustainability�issues�for�
disclosure�by�the�chemical� industry�identified�
include,�among�others,�wastewater�management;�
waste�and�hazardous�materials�management;�
employee�health�and�safety;�life�cycle�impacts�of�
products�and�services;�and�accident�and�safety�
management�(SASB�2015;�SASB�2018).�

7.2.3 Independent external 
assessment of industry 
performance

Growing investor 
interest in corporate 
s u s t a i n a b i l i t y 
performance has led 
to the incorporation 

of more detailed information on chemicals and 
waste�management� in� external� assessment�
schemes.�Under�the�Dow�Jones�Sustainability�
Index,� for� example,� chemical� suppliers� and�
downstream companies are requested to provide 
information on the percentage of products that 
contain substances regulated as hazardous, are 

of international concern, or may become 
regulated in the future, as referenced by 
ChemSec’s�SIN�List�(ChemSec�2017).�Various�
service providers assess performance on 
environmental, social and governance topics, 
including chemicals and waste management, to 
allow�investors�to�assess�respective�risk�profiles�
(Sustainalytics�n.d.).

A�number�of� initiatives�provide�independent�
assessments of chemicals and waste management 
performance directed to consumers and the 
general�public.�For�example,�the�Mind�the�Store�
initiative in the United States informs consumers 
by providing an aggregate grade based on criteria 
such as whether a policy is in place to ensure that 
suppliers conduct credible hazard assessments 
for alternatives to chemicals of high concern 

Figure 7.4 Average percentage of points across four Chemical Footprint Project (CFP) pillars scored 
by small, medium and large companies selling only articles (adapted from Rossi et al. 
2017, p. 7)
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Figure 7.4 Average percentage of points across four Chemical Footprint Project (CFP) pillars scored 
by small, medium and large companies selling only articles (adapted from Rossi et al. 
2017, p. 7)
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(Safer� Chemicals,� Healthy� Families� 2018a).�
Others provide consumers with online product 
and ingredient information to help guide better 
informed�buying�decisions�for�specific�applications�
(GoodGuide�2018).�The�scientific�community�
also provides information on the sustainability 
performance of relevant stakeholders, including 
the�chemical�industry.�For�example,�one�study�
(Britzelmaier et al.�2015)�assessed�the�corporate�
sustainability management of international 
chemical companies across four categories: 
reporting,�ecology,�environment�and�economy.

Eco-labelling can be a useful tool to encourage 
more sustainable production and consumption 
by helping customers from the public and private 

sectors identify greener and more sustainable 
products.� Eco-labelling�uses� specific� criteria�
(e.g.�hazard�properties)�to�provide�information�
about the environmental characteristics of a 
product.�Such�labels�are�initiated�in�some�cases�
by governments and in others by the private 
sector.� In� recognizing� that� environmental�
concerns may become a market advantage, 
private companies use eco-labels to increase 
awareness�and�influence�consumer�decisions�
through� their� purchasing� (Tranchard� 2018;�
International�Organization�for�Standardization�
2019).�An�example�of�a�certification�scheme�for�
products and services that also covers chemicals 
and waste related issues is the Blauer Engel (Blue 
Angel)�in�Germany.

Box 7.2 Sustainability information of relevance to the financial sector

The financial sector is important in driving the demand for information on sustainability 
performance of companies. A number of metrics and reporting schemes exist to inform 
investment decisions, including the following:

 › ESG (environmental, social and governance) factors: These are a subset of non-financial 
performance indicators which include sustainable, ethical and corporate governance issues 
and ensuring there are systems in place to ensure accountability. The UN-backed Principles 
for Responsible Investment (n.d.) provide a voluntary ESG framework for companies and 
funds, on the basis of which investors can make informed investment decisions with respect 
to sustainability and governance practices (UNEP and World Bank 2017; Financial Times n.d.).

 
 › Environment-related financial disclosure and transparency: This allows investors to exclude 

companies in the chemical industry or among downstream users of chemicals, including 
formulators and retailers, which are not working towards the implementation of more 
sustainable practices. 

 › Environmental disclosure on stock exchanges: Stock exchanges have historically played an 
important role in economic growth and development through enabling effective capital 
allocation. It is increasingly clear that environmental and social issues have an impact on 
corporate performance. Therefore, stock exchanges (or the relevant securities regulators) 
should require disclosure in the same way that financial disclosure is required (Cleary 2015).

 › Environmental and sustainability stock market indices, ratings and associated products: These are 
useful to investors as they seek to shift to more sustainable investment (Cleary 2015). It is 
important that robust methodology be used, which can address relevant green and sustainable 
criteria within the chemical industry and downstream use sectors.

 › Environmental risk management by financial institutions: This includes risk management 
frameworks, such as the Equator Principles, which are adopted by financial institutions to 
determine, assess and manage environmental and social risk in projects. It is primarily intended 
to provide a minimum standard for due diligence and monitoring to support responsible 
risk decision-making. The most recent version of the Equator Principles (currently under 
review) advises that assessment documentation may include “pollution prevention and waste 
minimization, pollution controls (liquid effluents and air emissions), and solid and chemical 
waste management” (Equator Principles 2013).
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7.3 Green and sustainable chemistry 
within metrics and reporting 
schemes

Stakeholders use the green and sustainable 
chemistry concepts in standards and reporting

In�their�reporting,�various�stakeholders�use�the�
terms “green chemistry”, “green engineering” 
and�“sustainable�chemistry”.�In�doing�so,�some�
have developed their own metrics to measure 
performance.�For�example,�Dow�has�set�a�goal�
of increasing sales of sustainable chemistry 
products,�defined�sustainable�chemistry,�and�
developed�a�Sustainable�Chemistry�Index�to�
track�progress.�The�index�combines�variables�
such as the recycled content of the product, its 
social�benefit,�and�risks�it�may�pose�at�the�end�
of�the�life�cycle�(Dow�Chemical�Company�2015).�
Sigma-Aldrich�has�developed� a� quantitative�
assessment of a product’s performance against 
the�12�Principles�of�Green�Chemistry�in�order�to�
optimize the manufacturing process accordingly 
(Sigma-Aldrich� n.d.).� S.C.� Johnson� applies�
requirements for full disclosure of products’ 
ingredients and green chemicals selection criteria 
(S.C.�Johnson�&�Son�2018).�

Exploring the potential of sustainable 
chemistry metrics to assess and communicate 
performance

As�highlighted�in�Part�I,�Ch.�1,�there�is�currently�
no common understanding among stakeholders 
of sustainable chemistry or how to assess 
information about the sustainability of chemical 
processes�and�products.�A� recent� report�by�
the�United�States�Government�Accountability�
Office�(2018)�highlights�the�challenges�of�using�
different�metrics,�which�incorporate�different�
factors, in order to evaluate the sustainability of 
processes�or�products.�It�finds�that�this�impedes�
the development and adoption of sustainable 
chemistry technologies, while there is as yet 
no common understanding of how to measure 
progress towards green and sustainable 
chemistry.

Efforts�are�under�way�to�advance�a�common�
understanding of green and sustainable 
chemistry.�For�example,�one�study�(Tickner�and�

Becker�2016)�explores�how�measuring�progress�
towards mainstreaming green chemistry requires 
the use of relevant metrics at the molecular/
process�level�(e.g.�water�usage�in�the�process),�
the�product�and�material�level�(e.g.�the�inherent�
hazard�of�chemicals�or�materials�in�a�product),�
the�firm�and�sector�level�(e.g.�the�existence�of�
effective�chemicals�management�strategies),�and�
the�societal�level�(e.g.�the�production�volume�of�
chemicals meeting the Principles of Green 
Chemistry)�in�a�complementary�manner�(see�also�
GC3�n.d.�b).

The� German� Environment� Agency� (UBA)�
developed a Guide on Sustainable Chemicals, 
a decision tool for substance manufacturers, 
formulators�and�end�users�(UBA�2011).�Since�
2016�there�is�a�corresponding�IT�tool,�SubSelect�
(UBA�2016),�which�can�be�used�to�measure�the�
sustainability�of�Chemical�Leasing�projects�(UBA�
2018)�and�has�an�ongoing�activity�on�sustainable�
chemistry�case�studies.�At�the�international�level,�
UNEP�has�developed�an�analysis�of�submissions�
of cases from stakeholders that have relevant 
experience� with� the� issue� of� sustainable�
chemistry, in response to a mandate received 
from�the�second�UN�Environment�Assembly�
(UNEA-2).�Among�other�considerations,�it�looks�
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at the possibility of developing practical guidance 
on�sustainable�chemistry�(UNEP�2019).

7.4 Strengthening the chemicals and 
waste dimension of sustainability 
metrics and reporting 

The metrics and reporting landscape is 
complex and fragmented

The rapid proliferation of sustainability reporting 
instruments� has� created� a� complex� and�
fragmented landscape (KPMG et al.�2016).�One�
study�found�more�than�2,500�different�metrics�
for�supply�chain�performance�reporting�(Ahi�and�
Searcy�2015).�While�the�availability�of�a�large�
set of metrics may allow companies to report 
on�specific�aspects�of�particular�relevance,� it�
also presents challenges in regard to providing 
meaningful�information.�Technological�advances�
(e.g.�in�the�context�of�big�data)�could�help�in�
gathering and analyzing publicly available 
sustainability reporting data, in order to create 
useful data points for chemicals management 
across�the�value�chain.

Sustainability instruments and metrics to assess 
performance with respect to chemicals and waste 
vary�significantly,�for�example�in�terms�of�who�
undertakes them, who/what is being evaluated, 
the scope of the assessment, and the methods 
used�and�the�audience.�Depending�on�these�
variables, the results communicated in terms 
of chemicals management performance, along 
with the transparency of the scheme, may vary 
significantly.�To�ensure�credibility,�and�to�avoid�
the suspicion of “greenwashing”, it is important 
for methods to be transparently documented 
(Berrone�2016;�Stacchezzini,�Melloni�and�Lai 
2016).� It� has�been�argued� that� the� growing�
number of footprint indicators, and the absence 
of consistent methods, may result in incoherence 
and contradictory results which could also 
hamper the usefulness of such reporting for 
policymaking and corporate decision-making and 
represent a market barrier for green products 
(Ridoutt et al.�2015).�

Integrating chemicals and waste into metrics 
and reporting schemes 

A�review�of�existing�sustainability�metrics�and�
reporting in the chemical industry focuses on 
“traditional” environmental and social concerns 
such as job creation, labour rights, carbon 
footprints�and�resource�efficiency.�Specific�issues�
of relevance to chemicals management are often 
inadequately addressed and not integrated into 
companies’ sustainability strategies (Cockcroft 
and�Persich�2017).�Similarly,�related�and�chemical-
intensive downstream industries could enhance 
the consideration of chemicals and waste in 
their�reporting�efforts.�Opportunities�also�exist�
to further and more comprehensively integrate 
chemicals and waste management issues into 
existing�and�widely�used�reporting�schemes�like�
the�GRI.

Ensuring that metrics are fit for purpose and 
audience

In�some�cases�simplified�metrics�are�needed�for�
effective�communication�of�relevant�information�
to the target audience, such as investors or 
consumers.�Footprint�indicators�aim�to�do�this�by�
providing�a�single�consolidated�metric.�However,�
depending on the approach used, footprints 
could also be used to draw attention to a selected 
stage of the life cycle while neglecting others, 
which might give an incomplete picture of the 
environmental�impact.�Life�cycle�assessments�
may help provide a more comprehensive picture, 
including�of�potential�trade-offs�across�different�
stages of the life cycle, thus providing a more 
useful basis for decision-making in certain 
contexts.� Meanwhile,� increased� complexity�
comes at a cost and the results may be less easily 
accessible�to�non-experts�(Ridoutt�et al.�2015).�

Existing�sustainability�metrics�and�reporting�
schemes have been criticized for not placing 
the reported indicators in the environmental, 
social�and�economic�context�as�this�applies�at�
the�relevant�level�(local,�regional,�global)�(McElroy�
and�Baue�2013;�Kropp�2014;�Haffar�and�Searcy�
2018).� Context-based�metrics� that� give� due�
consideration to relevant thresholds, including 
where these are not fully understood, may help 
determine the value of companies’ reported 
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efforts�to�increase�the�sustainability�performance�
of� their�portfolio.�As� regards�chemicals�and�
waste,�this�could�prove�a�straightforward�exercise�
in some areas but a more complicated one in 
others,�as�is�also�evident�from�the�difficulties�of�
identifying a measurable planetary boundary for 
chemical pollution (Robèrt, Broman and Basile 
2013;�Diamond�et al.�2015).�More�research�may�
be�needed�in�order�to�explore�the�value�and�
feasibility�of�context-based�sustainability�metrics.�

Taking steps towards coherent metrics and 
reporting

There�may�be�value�in�exploring�opportunities�
to align and/or develop harmonized metrics and 
reporting�standards,�as�appropriate�(e.g.�at�the�
sectoral�level).�Such�efforts�could�draw�on�existing�
international standards in order to increase 
efficiency�and�the�comparability�of�results.�Life�
cycle�approaches,�for�example,�could�draw�on�
International�Organization�for�Standardizaton�
(ISO)�standards�14040�and�14044,�which�specify�
requirements and provide guidelines for life cycle 
assessment (Ridoutt et al.�2015).�

Some progress has been made towards the 
establishment of binding global norms in the 
area� of� sustainability� reporting.� At� the� UN�
Conference on Sustainable Development in 
Johannesburg� (UN� 2012),� several� proposals�
were discussed concerning a potential legally 
binding instrument on sustainability reporting 
for�certain�corporations.�This�concept�was�based�
on�the�“report�or�explain”�approach�that�has�
become law in Denmark and is a requirement 
for�companies�listed�on�some�stock�exchanges.�
Although�the�initiative�failed,�it�had�the�support�
of various private businesses, including strategic 
investors and insurers, and the debate around 
the various proposals has perhaps opened the 
door to broader consideration of mandatory 
environmental and social performance standards 
(Stec,�Paszkiewicz�and�Antypas�2017).

Proposals have been made to develop a common 
conceptual framework for deriving chemical 
footprints (Rydberg et al.�2014).�Several�initiatives�
recognize and aim to address the need for 
coherence, comparability and transparency 
(SASB�2015;�Future-Fit�Foundation�2017;�WBCSD�
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2018;�GRI�n.d.).�Efforts�at�the�international�level�to�
streamline approaches and facilitate coherence 
are under way, including in the framework of the 
Life�Cycle�Initiative�(UNEP�2017),�the�Society�of�
Environmental�Toxicology�and�Chemistry�(2018)�
and�the�EU�Product�Environmental�Footprint.�

The role of metrics and reporting in chemicals 
and waste management beyond 2020

Despite the wide use of metrics and reporting, 
little of the information gathered currently 
feeds into international chemicals and waste 
frameworks�such�as�SAICM.�Stakeholders�may�
wish�to�consider�whether,�and�to�what�extent,�
the integration of such reporting could help to 
evaluate progress under a future platform for 
sound management of chemicals and waste 
beyond�2020.�

Of equal interest may be the question of 
how� efforts� at� the� international� level� could�
help increase the visibility of sustainability 
reporting�efforts,�while�at�the�same�time�holding�
stakeholders�accountable.�It�could�be�worthwhile�
to consider mechanisms for bringing together the 
sustainability reporting schemes of the chemical 
industry and relevant downstream sectors, 
respective�external�partners�and�independent�
bodies to facilitate sharing of lessons learned, and 
to identify steps towards increased coherence 
(along�with�transparency).�This�could�facilitate�
collaboration in order to accelerate progress 
towards the sound management of chemicals 
and�waste.

7.5 Potential measures to advance 
sustainability metrics and 
reporting

Private sector metrics and reporting are 
proliferating�and�have�significant�potential�to�
complement�existing�mechanisms�in�a�beyond�

2020�framework.�Nevertheless,�further�efforts�
may be needed to align approaches, ensure that 
reporting is meaningful, increase transparency, 
and address the lack of a common green/
sustainable�chemistry�assessment�framework.�
Taking into account the preceding analysis, 
stakeholders may wish to consider the following 
measures to further advance sustainability 
metrics and reporting:

 › Integrate�chemicals�and�waste�considerations�
into� existing� sustainability� metrics� and�
reporting systems, where needed, and ensure 
that�all�stages�of�the�life�cycle�are�covered.�

 › Explore�the�need�for�harmonized/aligned�
metrics and reporting standards at relevant 
levels�(e.g.�at�the�sectoral�level),�drawing�on�
existing�international�standards.

 › Scale up the use of sustainability reports 
in all chemical and downstream industries, 
including through use of harmonized methods 
and� indicators�at� the�relevant� levels� (e.g.�
sectoral).

 › Ensure that reporting is carried out using 
quality standards, and use, where appropriate, 
external� reviewers� and� independent�
certification.

 › Bring together relevant stakeholders to 
advance a common understanding of metrics, 
including�exploring�potential�elements�of�a�
practical�guidance�on�sustainable�chemistry.

 › Encourage investors to systematically take 
into account sustainability reporting in their 
investment�decisions.

 › Consider ways that relevant metrics and 
reporting can play a more formal role in 
measuring progress in order to implement 
the�2020�goal�for�the�sound�management�of�
chemicals�and�waste.
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Empowering and protecting citizens, 
workers and consumers
Chapter Highlights

Citizens play a key role in shaping demand for safer and more sustainable 
products, and in shaping relevant policies and action by governments and the 
private sector.

Providing workers, consumers and communities with access to chemical 
information is a requisite for implementing the public’s right-to-know, and for 
ensuring effective public participation.

New information tools and mobile applications are available to engage citizens 
in collecting and processing knowledge relevant to chemicals and waste 
management. 

Use of human rights laws may complement other legislation to advance the sound 
management of chemicals and waste, and to ensure protection or seek remedies.

Research and policy development within the framework of the Human Rights 
Council suggests that human rights violations have been caused by chemical 
pollution.

A number of leading chemical companies have embraced a human rights 
approach in advancing sustainability.

The management of chemicals and waste 
is� complex� and�often�highly� technical.�
Specialists,� including� toxicologists� and�

risk managers, are at the forefront of decision-
making.�Yet�workers,�consumers,�citizens�and�
institutional purchasers also have important 
roles to play in advancing sound chemicals 
and�waste�management.�They�can�stimulate�
market transformation through their purchasing 
decisions, participate in decision-making and, 
when�necessary,�access�the�courts.�

8/

8.1 The role of citizens and 
consumers in shaping markets 
and policies

Consumer awareness can drive market 
transformation

Consumers can have a major impact 
through purchasing products with desirable 
environmental� properties� (OECD� 2018).� By�
means of their purchasing decisions, consumers 
are�able�to�influence�the�chemical�content�and�
other characteristics of products placed on the 
market.�While�ethical-value�products�were�once�
a niche with a small consumer base, mainstream 
consumer demand has been increasing for 
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products associated with environmental and 
social responsibility and sustainability (Caruana 
and�Chatzidakis�2014).�Unilever,�one�of�the�world’s�
largest consumer goods companies, reports that 
its sustainable brands (which it describes as 
combining “a strong purpose delivering a social or 
environmental�benefit”)�grew�40�per�cent�faster�
than�the�rest�of�its�business�in�2016�(Hancock�
2017).

Consumers weigh environmental, social and 
economic�benefits�when�they�shop�for�“green”�
products�(Maniatis�2016).�Other�important�factors�
include a consumer’s green self-identity and peer 
influence�(Khare�2015).�Shopping�decisions�are�
also determined by the impacts they are likely to 
have in the future (Buerke et al.�2017).�Women�
have�a�particularly�influential�role�to�play,�as�they�
control the large majority of consumer spending 
(Silverstein�and�Sayre�2009).�When�awareness�
of products’ health and environmental impacts 
influences� consumer� choices,� this� suggests�
that information dissemination (and access 
to�information)�can�lead�to�more�responsible�
consumer behaviour (Scherer, Emberger-Klein 
and�Menrad�2017).�

The chemicals and waste dimension of 
consumer choices 

Today consumers are more sensitive to 
environmental, social and ethical concerns 
than�at�any�time�in�the�past�(BCG�2017).�In�East-
Central�Europe�the�health�effects�of�chemicals�
have been ranked fourth among environmental 
concerns, with some one-third of the population 
interested in receiving more information about 
this�topic�(Luca�et al.�2018).�In�many�countries�
there has been a steady increase in the number 
of consumers concerned about health and 
wellness, as well as the short-term and long-
term�effects�of�chemicals�in�food�(Deloitte,�Food�
Marketing�Institute�and�Grocery�Manufacturers�
Association�2016;�Nielsen�2016;�International�
Food�Information�Council�[IFIC]�Foundation�2018).�
Food manufacturers, retailers and restaurant 
chains have responded to such concerns by 
reformulating products to eliminate the use of 
artificial�colouring�and�flavouring,�among�other�
initiatives.�However,�redesigning�products�and�
marketing them can be a longer and far more 
expensive�process�than�many�consumers�are�
aware of, while a newly introduced product 
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(or�one�with�different�ingredients)�may�not�be�
popular with some traditional customers (Klara 
2018).�

In�the� IFIC�Foundation’s�most�recent�annual�
Food and Health Survey, 59 per cent of 
respondents said it was important for the foods 
they purchase and consume to be produced in 
a sustainable way, compared with 50 per cent in 
2017.�The�respondents�also�indicated�that�their�
two most important individual factors with 
respect to sustainability were reducing the use 
of�pesticides,�followed�by�ensuring�an�affordable�
food�supply.� In�addition,�when�asked�which�
sources�of� information�most�influenced�their�
opinions on food safety issues, only 16 per cent of 
those� aged� 18� to� 34� cited� news� articles� or�
headlines, compared with 44 per cent of those 
aged�65�and�older�(IFIC�Foundation�2018).

Understanding factors that affect consumer 
behaviour

Consumers in selected developing countries 
expressed� greater� concern� about� the�
environmental impact of their consumption 
patterns than did those in some higher-income 
countries�(National�Geographic�and�Globescan�
2014).�“Green”�consumers�in�India�were�willing�
to support environmental protection and accept 
environmental responsibilities and were inclined 
to look for green product-related information 
(Kumar�and�Ghodeswar�2015).�In�many�countries�
price is an important factor, even when there is 
a preference for green products (Drozdenko, 
Jensen�and�Coelho�2011;�Biswas�and�Roy�2015;�
Hancock�2017).�Pro-environmental�attitudes�
are not automatically converted into green 
purchasing behaviour if this means paying a 
considerable premium or settling for poorer 
performance�(Olson�2013).�At�the�same�time,�
economic�benefits�or�efficacy�issues�normally�
outweigh�social�or�environmental�benefits�in�
purchasing�decisions�(O’Rourke�and�Ringer�2016).�
Nevertheless,�in�a�recent�survey�in�the�United�
States more than half of consumers said they 
would�drive�a�greater�distance�(up�to�14�miles)�
and�pay�more�(up�to�19�per�cent)�in�order�to�shop�
at�a�“responsible�store”�(American�Family�Life�
Assurance�Company�of�Columbus�and�American�

Family�Life�Assurance�Company�of�New�York�
2017).�

At�a� time�of�rapid�environmental�and�social�
change, younger consumers are playing an 
important� role� in� market� transformation.�
According�to�a�recent�survey,�92�per�cent�of�
millennials are more likely to buy products from 
ethical�companies,�while�82�per�cent�believe�
ethical brands outperform those of similar 
companies that lack a commitment to ethical 
principles�(Shewan�2017).�Some�companies�have�
responded to consumer concerns by adopting 
better sustainability practices and transparency 
in� their�value�and�supply�chains� (BCG�2017;�
Unilever�2018).�Behavioural� insights�can�help�
policymakers obtain a better understanding of 
the behavioural mechanisms that contribute 
to environmental problems, and design and 
implement� effective� policy� interventions� to�
encourage more sustainable consumption, 
investment and compliance decisions by both 
individuals�and�firms.�The�policy�areas�in�which�
behavioural sciences have been integrated 
include water and food consumption and waste 
management�(OECD�2017).�

According� to� a� recent� UNIDO� report,� while�
consumers� are� influenced� by� the�medium-�
and long-term savings associated with the 
consumption�of�more�energy-efficient�products,�
they do not always shift their preferences to 
goods with a lower environmental footprint 
fast enough to decouple economic growth and 
environmental�degradation.�In�that�report�three�
stages in the purchasing of an environmental 
good�are�identified:�1)�consumers�become�aware�
of the environmental threat and are eager to help 
mitigate�it�through�their�consumption�choices;�
2)�they�obtain�information�about�the�impact�of�
environmental�goods�on�the�environment;�and�
3)�they�buy�the�environmental�good�based�on�
their pro-environment attitude and their trust that 
the�good�will�deliver�the�expected�environmental�
impact.�However,�at�all�three�stages�the�following�
biases�may�affect� consumer�behaviour:� too�
little public awareness about the seriousness 
of�the�impending�environmental�threat;� lack�
of information about products, costs and, in 
some�cases,�potential�savings;�and�perceptions�
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and activities in their communities, and the 
opportunity to participate in decision-making 
processes.�States�shall�facilitate�and�encourage�
public awareness and participation by making 
information�widely�available.�Effective�access�to�
judicial and administrative proceedings, including 
redress�and�remedy,�shall�be�provided.”

The first treaty to address procedural 
environmental�rights�was�the�UNECE�Convention�
on�Access�to�Information,�Public�Participation�
in� Decision-Making� and� Access� to� Justice�
in� Environmental� Matters� (or� the� Aarhus�
Convention),�which�entered�into�force�in�2001.�
Most�recently,�the�2018�Regional�Agreement�on�
Access�to�Information,�Public�Participation�and�
Justice�in�Environmental�Matters�in�Latin�America�
and�the�Caribbean�(the�Escazú�Agreement)�was�
adopted.�Its�purpose�is�to�guarantee�full�and�
effective�implementation�of�the�rights�of�access�to�
environmental information, public participation 
and�access�to�justice�in�environmental�matters.�
It� is� the� first� treaty� in� the�world� to� include�
specific�provisions�to�ensure�a�safe�and�enabling�
environment for environmental human rights 
defenders�(UN�2018a).�Although�the�scope�of�
these agreements is broader in scope than 

that�companies�may�make�exaggerated�claims�
or even lie about their products’ environmental 
attributes�(UNIDO�2017,�pp.�19-20).

8.2 Procedural environmental rights: 
exploring the chemicals and 
waste dimension

To empower citizens, consumers, workers and 
the public, through informing them and engaging 
them in environmental actions, individual 
countries as well as several international bodies 
have promulgated a range of policy measures, 
also referred to as “procedural environmental 
rights”�(Peters�2018).�An�early�measure�taken�
at the international level was the adoption of 
Principle�10�of�the�Rio�Declaration�at�the�UN�
Conference on Environment and Development 
in�1992.�Principle�10�states�that�“Environmental�
issues are best handled with the participation 
of�all�concerned�citizens,�at�the�relevant�level.�
At�the�national�level,�each�individual�shall�have�
appropriate access to information concerning the 
environment that is held by public authorities, 
including information on hazardous materials 
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chemicals and waste management, they support 
chemicals and waste management actions under 
topics such as labelling of chemicals, providing 
communities with data on chemical releases by 
major facilities in their vicinity, and accessing 
the courts when citizens’ rights to a healthy 
environment�have�been�violated.

8.3 Advancing sound management of 
chemicals and waste through the 
right-to-know

Sustainable�Development�Goal�(SDG)�Target�4.7�
specifically� aims� to� ensure� that� all� learners�
acquire the knowledge and skills needed to 
promote sustainable development, including 
through education for sustainable development 
and sustainable life styles, which will enable 
citizens�to�take�informed�decisions�(UNESCO�
2017).� If� citizens� are� to� develop� knowledge�
and make informed choices, the right-to-know 
about�chemicals�and�waste�is�a�key�factor.�It�is�
also�an�important�market�mechanism.�Several�
studies have shown that mandatory disclosure 
of information can have an impact on consumer 
behaviour�and�health�(Mathios�2000).

Under the right to information, people have 
a right-to-know whether they are, or may be, 
exposed�to�hazardous�chemicals.�Right-to-know�
is�essential�in�order�to�give�effect�to�other�rights,�
such as the right to participate in decision-making 
and policymaking, due process, and the right 
to�an�effective�remedy.�To�realize�the�right�to�
information, information about the potential 
impacts of substances must be available, 
accessible, functional and non-discriminatory 
(United�Nations�Special�Rapporteur�on�Human�
Rights�and�Toxics�[UN�Special�Rapporteur]�2016a).�

International environmental agreements 
advancing right-to-know

A� number� of� international� chemicals� and�
waste agreements have provisions to advance 
right-to-know.�The�Minamata�Convention�on�
Mercury�is�a�recent�expression�of�the�principle�
that information about chemicals and hazards 
belongs� in� the� public� domain.� It� includes�

several provisions about access to information, 
public registries, environmental education and 
awareness,� and� public� participation.� It� also�
provides that information relating to the health 
and safety of people and the environment shall 
not�be�considered�confidential.�The�Minamata�
Convention� is� consistent� with� the� Aarhus�
Convention,�which�specifically�provides� that�
commercial�confidentiality�cannot�be�used�as�
grounds for refusal to disclose information 
about�emissions�to�the�environment.�Negotiated�
through�a�multi-stakeholder�process,�the�SAICM�
Overarching�Policy�Strategy�(OPS)�adopted�in�
2006�includes�a�range�of�provisions�striking�a�
balance between the disclosure of information 
and protecting legitimate, legally protected 
interests�(Box�8.1).

The�Rotterdam�Convention�on�the�Prior�Informed�
Consent Procedure for Certain Hazardous 
Chemicals�and�Pesticides�in�International�Trade,�
which�entered�into�force�in�2004,�also�provides�
for the right-to-know through public awareness 
and�outreach�activities.�Other�relevant�measures�
in the Convention include the prior informed 
consent�(PIC)�procedure,�the�need�for�export�
notifications�for�substances�that�are�not�listed�
to�Annex�III�(providing�parties�with�information�
on�chemicals�coming�through�their�borders),�as�
well�as�the�requirements�set�out�under�Article�13�
of the Convention, which require labelling (to 
ensure adequate availability of information with 
regard to risks and/or hazards to human health 
or�the�environment)�and�the�inclusion�of�a�safety�
data�sheet�(for�occupational�purposes).

Both� the� Aarhus� Convention� and� the� 2018�
Escazú�Agreement�establish�an�enforceable�
right to access environmental information, 
including information on chemicals and waste 
management.�Outside�these�two�regions,�there�
are general freedom of information acts in many 
countries with enforcement provisions in the 
spirit�of�Article�19�of�the�Universal�Declaration�
of Human Rights (“Everyone has the right to 
freedom�of�opinion�and�expression;�this�right�
includes freedom to hold opinions without 
interference and to seek, receive and impart 
information and ideas through any media and 
regardless�of�frontiers.”).
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National and sub-national right-to-know

Laws� around� the� world� provide� for� public�
access�to�information�held�by�public�authorities.�
These laws can often be used to gain access 
to information about chemicals and waste 
management.�Where�countries�do�not�have�
such provisions, they can adopt them pursuant 
to�Guideline�15�in�the�UNEP�Guidelines�for�the�
Development�of�National�Legislation�on�Access�
to�Information,�Public�Participation�and�Access�
to Justice in Environmental Matters (the Bali 
Guidelines),�adopted�by�the�UNEP�Governing�
Council� in� 2010.� Guideline�15� establishes�
that “States should ensure that any natural 
or legal person who considers that his or her 
request for environmental information has 
been unreasonably refused, in part or in full, 
inadequately answered or ignored, or in any 
other way not handled in accordance with 
applicable law, has access to a review procedure 
before a court of law or other independent and 
impartial body to challenge such a decision, act 
or�omission�by�the�public�authority�in�question.”

An�example�of�right-to-know�schemes�advanced�
at the sub-national level is Proposition 65 (or 
the�Safe�Drinking�Water�and�Toxic�Enforcement�
Act� of� 1986),� promulgated� in� the� State� of�
California�in�the�United�States�(California�Office�
of�Environmental�Health�Hazard�Assessment�
2013).� It�requires�businesses�in�California�to�
provide�warnings�about�significant�exposures�
to chemicals in products, homes or workplaces, 
or those released to the environment, that 
cause cancer, birth defects and other types of 
reproductive�harm.�This�enables�people�living�in�
that state to make informed decisions about their 
exposures�to�these�chemicals.�Proposition�65�
requires California to publish a list (updated 
once�a�year)�of�such�chemicals.�It�has�grown�to�
include�approximately�900�chemicals�since�it�was�
first�published�in�1987.

Providing chemical product information: 
consumers’ right-to-know

An� example� of� consumers’� right-to-know�
is� a� provision� under� the� European� REACH�

Box 8.1 Excerpts from paragraph 15 of the SAICM Overarching Policy Strategy (OPS) (UNEP 2015)

“The objectives of the Strategic Approach [to International Chemicals Management] with regard 
to knowledge and information are:

A. To ensure that knowledge and information on chemicals and chemicals management are 
sufficient to enable chemicals to be adequately assessed and managed safely throughout their 
life cycle;

B. To ensure, for all stakeholders:
1. That information on chemicals throughout their life cycle, including, where appropriate, 

chemicals in products, is available, accessible, user-friendly, adequate and appropriate to 
the needs of all stakeholders. Appropriate types of information include their effects on 
human health and the environment, their intrinsic properties, their potential uses, their 
protective measures and regulation;

2. That such information is disseminated in appropriate languages by making full use of, 
among other things, the media, hazard communication mechanisms such as the Globally 
Harmonized System of Classification and Labelling of Chemicals and relevant provisions of 
international agreements;

C. To ensure that, in making information available in accordance with paragraph 15 (b), confidential 
commercial and industrial information and knowledge are protected in accordance with 
national laws or regulations or, in the absence of such laws or and regulations, are protected 
in accordance with international provisions. In the context of this paragraph, information on 
chemicals relating to the health and safety of humans and the environment should not be 
regarded as confidential ….”
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(Registration,� Evaluation,� Authorisation� and�
Restriction� of� Chemicals)� Regulation.� For�
substances�of�very�high�concern�(SVHC)�on�a�
“candidate list”, consumers have the right to 
receive information from the suppliers of an 
article about the presence of any SVHC in that 
article, and the supplier is obliged to provide 
the�information�within�45�days�(Klaschka�2017).�
Box�8.2�describes�the�US�EPA’s�Chemical�Access�
Data�Tool.

While�initiatives�like�the�one�under�REACH�support�
consumers’ right-to-know, some consumers 
may not be capable of using information about 
hazardous substances in products adequately, 
even� if� they� have� a� high� educational� level.�
Consumers may also assume, wrongly, that 
products with eco-labelling, natural personal care 
products or products without hazard pictograms 
do�not�contain�harmful�substances.�Organic�food�
or untreated food, homeopathic medicines and 
natural personal care products may all contain 
harmful� substances� (Klaschka� 2016;� United�
States�Food�and�Drug�Administration�2017).�An�
enhanced strategy to communicate chemical risks 
in consumer products may be thus warranted, 
including�extensive�participation�by�target�groups.�
Furthermore,�greater�efforts�by�authorities�and�

manufactures are important in building trust 
and providing easily understandable information 
(Hartmann�and�Klaschka�2017).

Providing chemical pollution information to 
the public: community right-to-know

Community right-to-know provisions help 
increase the public’s knowledge and access 
to information on chemicals at individual 
facilities, as well as their uses and releases 
to� the�environment.� These�provisions�allow�
public concerns to be addressed regarding 
environmental and safety hazards due to 
the�storage,�handling�and�emissions�of�toxic�
chemicals�in�the�vicinity�of�industrial�installations.�

The public’s right-to-know about chemicals and 
waste is greatly enhanced by the use of structured, 
accessible databases, such as Pollutant Release 
and�Transfer�Registers�(PRTRs),�which�enable�
informed participation in environmental decision-
making.�PRTRs�collect�and�provide�information�
on chemicals released to the environment or 
otherwise�managed�as�waste.�They�support�
the public’s right-to-know and provide useful 
information for evaluating the performance of 
facilities, sectors and governments (Wine et al. 

Box 8.2 The US EPA’s Chemical Access Data Tool (US EPA 2017)

The Chemical Data Access Tool (CDAT) provides a range of chemical-specific information submitted 
to the United States Environmental Protection Agency (US EPA) under the Toxic Substances 
Control Act (TSCA). The CDAT enables searches of the following databases: 

 › The CDR database includes non-confidential information on the manufacture (including 
import), processing and use of chemicals reported under the Chemical Data Reporting (CDR) 
rule.

 › The eDoc database includes a broad range of health and safety information reported by 
industry under TSCA Sections 4, 5, 8(d) and 8(e).

 › The TSCA Test Submissions (TSCATS) database is an online index to unpublished, non-
confidential studies covering chemical testing results and adverse effects of chemicals on 
health and ecological systems.

 › The High Production Volume Information System (HPVIS) database provides access to health 
and environmental effects information obtained through the High Production Volume (HPV) 
Challenge.

 › The declassified CBI database includes health and safety studies, and other information, 
submitted to the EPA in which chemical identities have been declassified as part of its effort to 
increase transparency in TSCA.
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Box 8.2 The US EPA’s Chemical Access Data Tool (US EPA 2017)

The Chemical Data Access Tool (CDAT) provides a range of chemical-specific information submitted 
to the United States Environmental Protection Agency (US EPA) under the Toxic Substances 
Control Act (TSCA). The CDAT enables searches of the following databases: 

 › The CDR database includes non-confidential information on the manufacture (including 
import), processing and use of chemicals reported under the Chemical Data Reporting (CDR) 
rule.

 › The eDoc database includes a broad range of health and safety information reported by 
industry under TSCA Sections 4, 5, 8(d) and 8(e).

 › The TSCA Test Submissions (TSCATS) database is an online index to unpublished, non-
confidential studies covering chemical testing results and adverse effects of chemicals on 
health and ecological systems.

 › The High Production Volume Information System (HPVIS) database provides access to health 
and environmental effects information obtained through the High Production Volume (HPV) 
Challenge.

 › The declassified CBI database includes health and safety studies, and other information, 
submitted to the EPA in which chemical identities have been declassified as part of its effort to 
increase transparency in TSCA.

2014).�An�early�example�was�the�Toxics�Release�
Inventory�under�the�Emergency�Planning�and�
Community�Right-to-Know�Act� in� the�United�
States.�

Many countries, including in low- and middle-
income�regions,�subsequently�introduced�PRTRs.�
Chile’s�PRTR,�for�example,�contains�accessible�
information�through�a�website�including�a�FAQ�
page�in�Spanish�and�English�that�explains�the�
sources of air and water pollutants, their impact 
on health and how they can be avoided, among 
other information (Registro de Emisiones y 
Transferencias�de�Contaminantes�n.d.).�While�
China does not have a PRTR system in place, 
it established a set of Open Environmental 
Information�measures�in�2008�requiring�local�
governments to disclose information on, among 
others,�environmental� laws�and�regulations;�
the�allocation�of�emission�quotas�and�permits;�
pollution�fees�and�penalties�collected;�and�lists�
of�violators�of�environmental�regulations.�These�
measures have given citizens the ability to request 

information,�leading�to�greater�NGO�participation�
in environmental governance (although with 
limited�impact)�(Tan�2014).�Such�initiatives�could�
provide a good starting point for developing a 
PRTR�or�similar�system.

The private sector also plays an important role 
in�advancing�communities’�right-to-know.�The�
ZDHC�Group,�for�example,�is�a�coalition�of�textile,�
leather and footwear industries and related 
chemical industry and other solution providers 
that supports the improvement of chemicals 
management and the development of publicly 
available indicators throughout the apparel and 
footwear supply chains to reduce discharges 
of�hazardous�chemicals�to�the�environment.�
ZDHC�member�brands�encourage�their�supply�
partners to proactively disclose PRTR information 
(ZDHC�2014;�ZDHC�2018).�Another�important�
example� is�the�Clean�Electronics�Production�
Network� (CEPN)� (Green� America� Center� for�
Sustainability�Solutions�n.d.�a;�Green�America�
Center�for�Sustainability�Solutions�n.d.�b).�



Global Chemicals Outlook II

594

Workers’ right-to-know

Workers’ right-to-know refers to their right to 
information�about�chemicals�in�the�workplace.�
The�ILO�Chemicals�Convention�of�1990�(No.�170)�
states that “workers have a need for, and right 
to, information about the chemicals they use at 
work”�and�includes�specific�obligations�in�this�
regard.�Employers�can�use�specific�measures�
and tools such as labelling, hazard symbols, 
safety data sheets and training to inform workers 
about� chemical� hazards.� The� United� States�
Occupational�Safety�and�Health�Administration�
(US�OSHA)�acknowledges�workers’�right-to-know�
about hazards present in the workplace and 
how�to�protect�themselves�(US�OSHA�2016).�In�
Canada all employees have a right-to-know what 
hazards are present on the job and how these 
hazards�can�affect�them�(Canadian�Centre�for�
Occupational�Health�and�Safety�2018).�In�Europe�
workers’ right-to-know about workplace hazards 
is�managed�by�the�European�Agency�for�Safety�
and�Health�at�Work�(European�Agency�for�Safety�
and�Health�at�Work�2018).

Using the internet and apps to disseminate 
chemical information and knowledge

New� information� and� communication�
technologies, such as mobile applications, 
are now available to help citizens, consumers 
and workers better understand the chemical 
composition of certain products and their 
potential� exposure� (Box�8.3).� While� these�
applications cannot replace a full risk 
assessment, many of them feature chemical 
hazard information, thus providing information 
about intrinsic properties of chemicals and/or 
information on chemicals subject to regulatory 
processes.� This� information�allows�users� to�
consider�a� range�of�possible�measures.� For�
example,�after�a�consumer�using�the�Toxfox�
app sent a SVHC information request for a bicycle 
care set to the sporting goods manufacturer 
Decathlon, the company discontinued sales of 
the product, which contained the hazardous 
plasticizer�Bis(2-ethylhexyl)�phthalate�(DEHP)�
(LIFE�AskREACH�2018).�

Box 8.3 Examples of mobile applications for disseminating chemical information

 › ToxFox, a smartphone app by Friends of the Earth Germany, provides information about 
endocrine-disrupting chemicals in cosmetics and allows users to submit SVHC inquiries. It has 
a continuously growing database, in which suppliers’ responses are saved. Suppliers can also 
enter data about the SVHC content of their articles (Klaschka 2017).

 › The AskREACH mobile app, similar to ToxFox, is scheduled to be launched in April 2019. It will 
be available throughout Europe and may be adapted for use in each EU Member State (Lovell 
2018). 

 › The Dirty Dozen app helps consumers determine which fruits and vegetables are best bought 
organic by identifying those with maximum pesticide residues. Another app for food is EWG’s 
Healthy Living app, which allows users to scan a product, review its rating and buy the better, 
healthier choice (Sammons 2016). 

 › For cosmetics and personal care products, apps such as Cosmetifique and Think Dirty allow 
consumers to make better beauty choices by listing potentially toxic ingredients when they 
scan a product and even to find cleaner alternatives to toxic products (Sammons 2016).

 › GoodGuide provides consumers with product information to help guide more informed buying 
decisions. Products are assessed by a team of over 50 scientific and regulatory professionals 
with expertise in chemicals and chemical-containing products. The team includes chemists, 
toxicologists, and life cycle assessment and regulatory experts (GoodGuide 2019).

While these apps are evolving, information is still scattered and it may not be easy to find 
comprehensive information. A user-friendly, central coordinated information hub could be 
helpful in raising awareness and enabling citizens to easily find comprehensive information from 
scatted sources.
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Box 8.3 Examples of mobile applications for disseminating chemical information

 › ToxFox, a smartphone app by Friends of the Earth Germany, provides information about 
endocrine-disrupting chemicals in cosmetics and allows users to submit SVHC inquiries. It has 
a continuously growing database, in which suppliers’ responses are saved. Suppliers can also 
enter data about the SVHC content of their articles (Klaschka 2017).

 › The AskREACH mobile app, similar to ToxFox, is scheduled to be launched in April 2019. It will 
be available throughout Europe and may be adapted for use in each EU Member State (Lovell 
2018). 

 › The Dirty Dozen app helps consumers determine which fruits and vegetables are best bought 
organic by identifying those with maximum pesticide residues. Another app for food is EWG’s 
Healthy Living app, which allows users to scan a product, review its rating and buy the better, 
healthier choice (Sammons 2016). 

 › For cosmetics and personal care products, apps such as Cosmetifique and Think Dirty allow 
consumers to make better beauty choices by listing potentially toxic ingredients when they 
scan a product and even to find cleaner alternatives to toxic products (Sammons 2016).

 › GoodGuide provides consumers with product information to help guide more informed buying 
decisions. Products are assessed by a team of over 50 scientific and regulatory professionals 
with expertise in chemicals and chemical-containing products. The team includes chemists, 
toxicologists, and life cycle assessment and regulatory experts (GoodGuide 2019).

While these apps are evolving, information is still scattered and it may not be easy to find 
comprehensive information. A user-friendly, central coordinated information hub could be 
helpful in raising awareness and enabling citizens to easily find comprehensive information from 
scatted sources.

8.4 Public participation in chemicals 
and waste management 

International�agreements,�statutory�legislation�
and public bodies around the world are providing 
the public with rights and opportunities to 
contribute to and participate in decision-making 
related to the environment, including with respect 
to� chemicals� and� waste� management.� The�
requirement to assess the environmental impacts 
of a proposed project as part of a permitting 
process�has�become�a�global�standard.�As�part�
of this assessment, it is generally considered 
necessary�to�provide�for�public�participation.�
The�UNECE�Convention�on�Environmental�Impact�
Assessment�in�a�Transboundary�Context�(the�
Espoo�Convention),�which�entered�into�force�in�
1997,�and�the�UNECE�Aarhus�Convention�together�
establish a good international standard for public 
participation�in�environmental�decision-making.�

Public participation in chemicals management 

The�European�Chemicals�Agency,�for�example,�
organizes public consultations to obtain feedback 
from interested parties and gather the widest 

possible� range� of� scientific� information� for�
regulatory� processes.� This� includes� public�
consultations� for�making� the� final� decision�
on which substances cannot be placed on 
the market, or used after a given date, unless 
they�meet�specific�authorization�requirements�
(ECHA�2018).�The�US�EPA�has�public�participation�
processes for certain pesticide registration 
actions as part of its Pesticide Program, providing 
an opportunity for the public to comment on risk 
assessments and proposed registration actions 
(US�EPA�2018).�In�China�citizens�increasingly�make�
use of information communication technologies, 
such as social media and blogging websites, to 
further citizen participation in environmental 
sustainability initiatives and influence 
governmental decision-making (He et al. 2017).�
In�Canada,�under�the�Chemicals�Management�
Plan, there are opportunities for the public and 
interested stakeholders to provide comments 
and relevant information on risk assessments 
and risk management measures (regulations, 
pollution prevention planning notices, codes of 
practice�and�guidelines)�developed�under�the�
Canadian�Environmental�Protection�Act,�1999�

Figure 8.1 DOZN scoring example (adapted from Sigma-Aldrich 2018)

Beta-amylase
Principe % improvements Remarks

1. Waste prevention 55 Eliminated organic solvent usage and reduced overall waste generation by 
50%

2. Atom economy 52 Increased yields and reduced amount of raw materials used

3. Less hazardous synthesis 96 Replaced organic solvents with water-based solutions and removes toxic 
filtering agents

5. Safer solvents 100 Eliminated all organic solvent usage

6. Energy efficiency 100 New process eliminated need for elevated temperature and pressure

7. Renewable feedstock 71 More efficient environmental impact with new procedure

10. Design for degradation No change No increased environmental impact with new practice

12. Accident prevention 54 Eliminated flammability and reactivity dangers

Total 95%

Aggregate 
score

Previous 
process

Re-engineered 
process

43 2

Scoring matrix (0 = most desirable)

100 0

DOZN� (Quantitative� Green� Chemistry� Evaluator)� is� an� interactive� web-based� scoring�matrix�
based� on� the� 12� Principles� of� Green� Chemistry�which� allows� users� to� calculate� the� relative�
greenness�of�chemical�products�and�processes�(ACS�Green�Chemistry�Institute�2017).
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(Government�of�Canada�2016;�Government�of�
Canada�2017).�

Public participation in private sector initiatives 
is� important� and� evolving.� Under� the�
International�Council�of�Chemical�Associations�
(ICCA)�Responsible�Care® programme, senior 
executives� of� member� organizations� sign�
the Responsible Care® Global Charter, which 
is a public commitment to sound chemicals 
management globally through enhancing the 
organization’s environmental, health, safety 
and�security�performance.�Through�the�Global�
Charter organizations also commit to engage 
stakeholders along the value chain and within 
their�communities.�In�addition,�members�commit�
to respond to community concerns about 
operations�and�chemicals;�report�information�on�
relevant chemical-related health or environmental 
hazards promptly to appropriate authorities, 
employees,�customers�and�any�affected�sectors�
of the public, as well as recommending protective 
measures;�and� increase�knowledge�through�
conducting and supporting relevant research 
on�the�safety,�health�and�environmental�effects�of�
products, processes and waste materials, among 
others�(ICCA�2015;�Chemical�&�Allied�Industries’�
Association�2017).

Initiatives�triggered�from�within�civil�society�are�an�
important�aspect�of�public�participation.�In�2015,�
for�example,�NGOs�from�15�countries�convened�
and developed the Chemical Challenge to the 
Global�Electronics�Industry�(GoodElectronics�
2015).�More�than�200�civil�society�groups�and�
activists from electronics production countries 
and from across the globe challenged the 
electronics industry to improve its actions on 
chemicals management during the production 
process.� In� response,� leading� electronics�
companies�are�now�working�with�NGOs�in�the�
Clean�Electronics�Production�Network�(CEPN)�
with�the�goal�of�eliminating�workers�exposures�
to�hazardous�chemicals.

Use of social media to advance public 
participation 

Social media have become platforms where 
consumers,�end�users�and�NGOs�can�share�
information about how a product is manufactured 

and sold, as well as the materials and chemicals 
used�in�the�product�or�during�its�manufacture.�
On�Facebook�and�LinkedIn�a�number�of�groups�
share�views�and�information�on�toxic�chemicals�
and�sustainable�chemistry.�As�major�users�of�
social media, 61 per cent of millennials think 
social media is the “new power of youth” and 
70 per cent consider it a force for change 
(Euro�RSCG�Worldwide�2011).�With�the�rise�of�
“complaint-vertising” it has also become common 
for users to make their complaints known on 
social media, and these complaints may go viral 
(Eisenhardt�2015).�Companies�have�struggled�with�
the�right�way�to�respond�to�complaint-vertising;�
social media are therefore steering companies 
towards sound management of chemicals that 
goes�beyond�compliance�(Sanders�2017).�

As�participants�in�environmental�governance,�
citizens�may�exchange�information,�especially�
in� the� Information� Age.� Through� direct�
communication�they�can�extend�their�influence�
towards shaping policies (Soma et al.�2016).�An�
example�of�social�media�supporting�chemical�risk�
management actions is the banning of plastic 
microbeads�in�various�products.�In�the�United�
States,�for�example,�after�it�emerged�through�
social media that 8 trillion microbeads entered 
aquatic habitats in that country per day, public 
support for a ban on microbeads grew, leading 
to prohibition of the selling and distribution of 
products�containing�them�(Imam�2015).�Similarly,�
through� a� social� media� campaign� 385,000�
people signed a petition by Greenpeace urging 
the�United�Kingdom�(UK)�Government�to�ban�
microbeads�(Casson�2017),�leading�to�a�ban�on�
microplastics�in�that�country�(Carrington�2018).�
More�broadly,�NGOs�in�more�than�30�countries�
worked on or helped to pass legislation to ban 
microbeads in personal care products using 
social media (Rochman et al.�2015),�motivating�
cosmetic companies to use alternatives (Conick 
2018).�

Participation by citizens and workers in 
scientific knowledge generation

“Citizen science”, sometimes also referred to 
as “community science” or “public participation 
in�scientific�research”,� is�a�growing�movement�
that�enlists�the�public� in�scientific�discovery,�
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monitoring�and�experimentation�across�a�wide�
range of disciplines (Theobald et al.�2015).�There�
is growing evidence that citizen science projects 
can achieve gains in knowledge and increase 
public�awareness�of�the�diversity�of�scientific�
research (Bonney et al.�2016).�One�concern�about�
citizen�science�projects�is�data�quality;�however,�
it has been shown that participants can provide 
accurate and complete information as long as 
scientists�have�a�sufficiently�flexible�or�inclusive�
view of a citizen scientist’s role (Wiersma, Parsons 
and�Lukyanenko�2016).

As�a�part�of�a�citizen�science�project�to�monitor�
concentrations of neonicotinoids in honey, 
researchers in Switzerland analyzed honey 
brought back by travellers from various world 
regions (Mitchell et al.�2017)�(Figure�8.2).�The�
International�Coastal�Cleanup�is�another�example�
of�a�citizen�science�project.�Volunteers�around�the�
world collect debris from local beaches and tally 
it using the Ocean Conservancy’s standardized 
data�format�(Zettler�et al.�2016).�A�collaborative�
effort�between�researchers�at�Washington�State�
University in the United States and a small town is 
an�example�of�community�involvement�in�waste�
management research and decision-making 
(Youngquist et al.�2015).�In�Contra�Costa�County,�
California, citizens used low-cost air monitoring 
technology�based�on�the�use�of� inexpensive�

plastic buckets to measure emissions from a 
local�petroleum�refinery�in�view�of�lack�of�support�
from�the�US�EPA.�Similar�citizen�action�groups�
have used these buckets to collect and validate 
data�about�exposures,�and�the�buckets�have�
been approved as a reliable source of data for 
exposures�(Joyce�and�Senier�2017).

Workers,�too,�can�contribute�to�data�collection.�
Based on data collected from silicone-based 
wristband�passive�samplers�worn�by�fire�fighters,�
a�study�revealed�that�the�fire�fighters�could�be�
exposed�to�VOCs�and�risk�management�was�
undertaken (Santiago et al.� 2018).� Real-time�
toxic�gas�detection�during�working�hours�may�
be carried out using a smartphone coupled hand-
held�array�reader.�Signals�from�a�colorimetric�
reader can be transferred to a smartphone, 
where�an�app�displays�the�detected�toxic�gases�
and�their�exposure�levels�(Devadhasan�et al. 
2017).

8.5 Access to justice in chemicals and 
waste management

Access�to�justice�is�a�basic�principle�of�the�rule�
of� law.� In� the� absence� of� access� to� justice,�
people are unable to make their voices heard, 

Figure 8.2 Citizen science project to monitor the concentration of neonicotinoids in honey, 
November 2012 and February 2016 (adapted from Mitchell et al. 2017, p. 110)

 No neonicotinoids 
detected

 Detection limit to 
0.01

 0.01-0.1  0.1-1.0  1.0-10  Over 10 (nanogram/gram)
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exercise�their�rights,�challenge�discrimination�or�
hold�decision-makers�accountable�(UN�2018b).�
Access�to�justice�helps�ensure�public�authorities’�
accountability�to�the�public.�It�also�provides�the�
public�with�assured�final�recourse�to�justice�with�
a view to ensuring correct implementation of 
environmental law (Pan-European Coalition of 
Environmental�Citizens�Organisations�2016).

Under�Article�9.1�of� the�Aarhus�Convention,�
Parties have agreed on standards for access 
to�justice�in�respect�to�information�requests.�
For�example,�a�person�does�not�need�to�show�
an interest in the information requested in 
order to have standing to challenge a refusal to 
provide�the�information�in�whole�or�in�part.�The�
Convention is also concerned with matters of 
judicial administration, including costs, fairness 
and�timeliness.�Similarly,�members�of�the�public�
whose rights to participate in environmental 
decision-making are not respected have the 
option�to�seek�access�to�justice�under�Article�9.2�
of�the�Aarhus�Convention.�The�same�principle�
is� expressed� in� the� UNEP� Bali� Guidelines�
(Guideline�16)�as�follows:�“States�should�ensure�
that the members of the public concerned have 
access to a court of law or other independent 
and impartial body to challenge the substantive 
and procedural legality of any decision, act or 
omission relating to public participation in 
decision-making�in�environmental�matters.”�

Access to justice in matters of law 
enforcement

Public concern about the environment, human 
health�and�exposure�to�chemicals,�and�other�
hazards and risks, can be harnessed to help public 
authorities�enforce�environmental� laws.�This�
role�is�contained�within�the�Aarhus�Convention�
(Article�9.3),�the�Escazú�Agreement�(Article�8.2(c))�
and� the�Bali�Guidelines� (Guideline�17).�Such�
provisions give the public opportunities to 
meet their duty to protect and improve the 
environment�for�the�benefit�of�present�and�future�
generations, as recognized in Principle 1 of the 
Declaration�of�the�United�Nations�Conference�on�
the Human Environment, agreed in Stockholm 
in�1972.�For�example,�in�2015�China�amended�
its�Environmental�Protection�Law�to�allow�any�
duly�registered�NGO�that�had�been�engaged�in�

environmental protection activities for at least 
five�consecutive�years�to�initiate�public�interest�
environmental�litigation.�Before�this�amendment�
went�into�effect�there�were�as�few�as�eight�cases�
a�year,�but�since�2015�there�have�been�over�117�
public�interest�environmental�cases�(UNEP�2018).�

Standing requirements to access courts

Countries are increasingly recognizing the standing 
of environmental civil society organizations 
to bring cases in the public interest aimed at 
protecting�human�health�and�the�environment.�
Most legal systems have required that members 
of the public challenging such decisions meet 
certain�standing�requirements,�expressed�as�the�
“public�concerned.”�However,�there�is�a�trend�
towards eliminating formal requirements such as 
those related to the registration of organizations 
or�of�the�organizations’�purposes.�For�example,�
Mexico�now�recognizes�“collective�actions”�by�
social groups that may not be legally registered 
(UNEP�2015).�In�California,�Proposition�65�(the�
Safe�Drinking�Water�and�Toxic�Enforcement�
Act�of�1986)�provides�citizen�standing�to�sue.�
Any� individual� acting� in� the� public� interest�
may�enforce�Proposition�65�by�filing�a�lawsuit�
against a business alleged to be in violation of it 
(California�Office�of�Environmental�Health�Hazard�
Assessment�2013).�Under�the�Aarhus�Convention,�
certain�established�environmental�NGOs�should�
be granted standing to challenge decisions even 
when they would not meet the strict legal interest 
test�under�some�legal�systems.�On�the�other�
hand, under United States jurisprudence an 
organization�must�have�suffered�an�“injury�in�
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fact” to have standing to challenge a government 
decision.

Science in judicial proceedings

Judicial systems around the world have 
addressed�the�challenges�presented�by�complex�
scientific�considerations�in�environmental�cases�
by�establishing�specialized�courts.�To�expand�
and deepen systems of access to remedy in 
India,� the�Green�Tribunal�Act�was�passed� in�
2010.�This�Act�stemmed�from�the�1996� Indian 
Council for EnviroLegal Action v. Union of India 
case, where the court stated that a system of 
green tribunals with jurisdiction over civil and 
criminal aspects of environmental claims could 
help�achieve�expediency�of� justice,�establish�
panels�of�experts�to�resolve�highly�technical�
cases,�and�help�reduce�large�caseloads�(UNDP�
2014).�Other�prominent�examples�of�specialized�
environmental�courts�may�be�found�in�Australia,�
Chile,� Kenya,� Pakistan� and� the� Philippines.�
Altogether�at�least�44�countries�have�some�form�
of�environmental�court.�The�Escazú�Agreement�
includes a reference to shifting the burden of 
proof in certain cases where chemicals and 
hazardous�wastes�could�be�involved.�Article�8.3(e)�
refers to “measures to facilitate the production 
of evidence of environmental damage, when 
appropriate and as applicable, such as the 
reversal of the burden of proof and the dynamic 
burden�of�proof.”�

8.6 Human rights law with respect 
to chemicals and waste 
management

Linkages to a range of human rights

The use of human rights-based approaches 
complements and provides a back-up to 
legislative and regulatory measures in ensuring 
protection�and�access�to�effective�remedies.�
Hazardous substances and wastes, including 
toxic�chemicals,�are�associated�with�a�broad�
range of civil, cultural, economic, political and 
social�rights.�Under�a�number�of�international�
human rights instruments, countries have a 
duty to protect human rights, including those 

threatened by the presence of hazardous 
chemicals�and�waste�(UN�Special�Rapporteur�
2016b).�Every�country�has�recognized�one�or�
more human rights that are directly or indirectly 
implicated by the management of chemicals 
and�waste.�For�example,�virtually�every�country�
has�ratified�the�UN�Convention�on�the�Rights�
of the Child, which recognizes the right of the 
child to the highest attainable standard of health 
and requires that states shall take appropriate 
measures to combat disease and malnutrition, 
taking into consideration the dangers and risks 
of�environmental�pollution.�

The�right-to-know�about�possible�exposures�to�
chemicals and hazardous wastes has also been 
guaranteed�through�human�rights�instruments.�
An�example� is� the�European�Convention�on�
Human�Rights,� Article�8,�which�provides� for�
respect for one’s “private and family life, his 
home�and�his�correspondence.”�In�Guerra v. Italy 
the�Court�interpreted�Article�8�in�a�case�where�
authorities had failed to provide information 
about the risks associated with a chemical factory 
or�about�emergency�procedures.�It�affirmed�that�
severe environmental pollution could interfere 
with the right to respect for home, private life 
and family and held that the authorities had not 
taken�the�necessary�measures�to�ensure�effective�
protection of this right by providing essential 
information.�A�similar�result�was�reached� in�
the�Inter-American�Court�of�Human�Rights�in�
the case of Claude-Reyes v. Chile. In interpreting 
Article�13�of�the�American�Convention�on�Human�
Rights, which addresses the right to freedom 
of�expression�(Inter-American�Commission�on�
Human�Rights�2011),�the�Court�held�that�this�right�
includes the right of the public to have access 
to State-held information, as well as the State’s 
obligation to provide the information subject to 
limited�exceptions.�Thus,�the�failure�of�a�State�
body to disclose information on environmental 
matters�requested�by�an�NGO�violates�Article�13�
of�the�American�Convention�on�Human�Rights.

The right to a healthy environment

A� large�majority�of�UN�Member�States�have�
constitutional provisions that include the right to a 
healthy environment in some form, which can be 
considered�an�economic,�social�or�cultural�right.�
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As�elaborated�in�Stockholm�Principle�1�adopted�
in�1972,�the�natural�environment�is�essential�to�
the enjoyment of basic human rights and the 
right�to�life�itself.�Violations�of�environmental�
rights may have a profound impact in regard to 
a wide variety of human rights, including those 
to life, self-determination, food, water, health, 

sanitation, housing, and other cultural, civil and 
political�rights.�

Enforcing such rights has traditionally presented 
challenges, but recently certain developments in 
international�jurisprudence�have�clarified�that�
they�are�capable�of�direct�enforcement�(Box�8.4).�

Box 8.4 Cases of human rights protection in matters of chemicals and waste

The use of environmental rights and human rights to obtain protection or seek remedies related 
to chemicals and waste is widespread. Examples include: 

 › In Mexico, the Comisión Nacional de los Derechos Humanos (CNDH) issued a number of 
recommendations related to environmental protection even before the right to a healthy 
environment was included in the Mexican Constitution in 2012. In 2010 CNDH found that the 
National Water Commission did not comply with environmental standards, which caused the 
death of a child and affected the health of people living in the vicinity of the Santiago River. It 
recommended that the National Water Commission warn residents of the risk of pollution and 
take steps to clean up and restore the affected areas (Environmental Rights Database [ERDb] 
n.d. a).

 › The Supreme Court of India has been active in protecting the right to life from environmental 
degradation. It ordered the closing down of limestone quarries and mining operations, among 
others, to protect citizens’ right to life (ERDb n.d. b).

 › In the United Kingdom, the Trafigura waste dumping case is an example of justice successfully 
accessed for crimes committed abroad. A group action by approximately 30,000 claimants 
from Côte d’Ivoire against Trafigura Ltd. was heard by the High Court of Justice in London in 
2006. In 2009 the parties reached a settlement, with Trafigura agreeing to pay each claimant 
approximately US dollars 1,500 (A/HRC/36/41/Add.1).
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Box 8.4 Cases of human rights protection in matters of chemicals and waste
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to chemicals and waste is widespread. Examples include: 

 › In Mexico, the Comisión Nacional de los Derechos Humanos (CNDH) issued a number of 
recommendations related to environmental protection even before the right to a healthy 
environment was included in the Mexican Constitution in 2012. In 2010 CNDH found that the 
National Water Commission did not comply with environmental standards, which caused the 
death of a child and affected the health of people living in the vicinity of the Santiago River. It 
recommended that the National Water Commission warn residents of the risk of pollution and 
take steps to clean up and restore the affected areas (Environmental Rights Database [ERDb] 
n.d. a).

 › The Supreme Court of India has been active in protecting the right to life from environmental 
degradation. It ordered the closing down of limestone quarries and mining operations, among 
others, to protect citizens’ right to life (ERDb n.d. b).

 › In the United Kingdom, the Trafigura waste dumping case is an example of justice successfully 
accessed for crimes committed abroad. A group action by approximately 30,000 claimants 
from Côte d’Ivoire against Trafigura Ltd. was heard by the High Court of Justice in London in 
2006. In 2009 the parties reached a settlement, with Trafigura agreeing to pay each claimant 
approximately US dollars 1,500 (A/HRC/36/41/Add.1).

A�recent�case�is�Lagos del Campo v. Peru of�2017 
in�the�Inter-American�Court�of�Human�Rights,�
the�first�decision�of�that�court�which�recognized�
the direct enforceability of economic, social or 
cultural�rights.�In�this�case�the�subject�right�was�
the�right� to�work� (International�Network�for�
Economic,�Social�&�Cultural�Rights�2018).�Even�
in federal systems where there is no such right at 
the constitutional level, many constituent states, 
provinces or republics establish such rights in 
their�own�laws.

UN Human Rights Council initiatives and 
appointments

Since 1995 the Commission on Human Rights 
and its successor, the Human Rights Council 
(HRC),�have�mandated�a�Special�Rapporteur�to�
report on the implications for human rights of 
the environmentally sound management and 
disposal�of�hazardous�substances�and�wastes.�
While the Commission on Human Rights mandate 
in�1995�covered�waste,�the�HRC�expanded�the�
mandate�in�2011�and�appointed�a�UN�Special�
Rapporteur on the implications for human rights 
of the environmentally sound management and 
disposal�of�hazardous�substances�and�wastes.�
The mandate includes monitoring and reporting 
on the human rights impacts of such substances 
throughout their life cycle, including production, 
management,�handling,�distribution�and�final�
disposal.�

In�2011�the�HRC�affirmed�“that�the�way�hazardous�
substances and wastes are managed throughout 
their lifecycle, including manufacturing, 
distribution,�use�and�final�disposal,�may�have�
an adverse impact on the full enjoyment of 
human�rights”.�Similarly,�the�Special�Rapporteur�
has emphasized that the right to information 
on hazardous substances and wastes is 
central to the enjoyment of human rights and 
fundamental�freedoms.�He�also�makes�the�case�
that information should be available, accessible 
and functional for everyone, consistent with the 
principle�of�non-discrimination�(United�Nations�
Human�Rights�Council�[UN�HRC]�2015;�Office�
of�the�United�Nations�High�Commissioner�for�
Human�Rights�2018).�

Research recently undertaken within the mandate 
of the Special Rapporteur suggests that human 
rights violations and abuses caused by chemical 
pollution�are�still�prevalent.�A�UK-based�non-
profit,�the�Business�&�Human�Rights�Resource�
Centre�(BHRRC),�has�collaborated�with�the�UN�
Special Rapporteur to analyze trends concerning 
alleged cases of human rights abuse relating to 
the chemical industry, along with responses by 
States�and�companies.�The�analysis�notes�that�
despite�positive�steps�to�address�toxic�pollution�
from the chemical industry, critical gaps remain, 
particularly in protecting the rights of workers, 
children, low-income communities and other 
vulnerable�groups.�Figure�8.3�shows�human�
rights�impacts�by�life�cycle�stage,�as�identified�

Figure 8.3 Human rights impacts by life cycle stage, information received between 2012-2017 
(adapted from BHRRC 2018, p. 3)
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in�the�report.�It�concludes�by�recommending�
that States and businesses strengthen chemical 
industry regulations and practices in line with 
human�rights�standards�(BHRRC�2018).�

In�an�August�2018�report�to�the�HRC,�the�Special�
Rapporteur recommended that “States must 
ensure�that�legislation�and�other�practices�reflect�
their�duty�to�respect,�protect�and�fulfil�human�
rights obligations implicated by hazardous 
substances and wastes […] [and] that victims 
of� the�effects�of�hazardous� substances�and�
wastes�have�access�to�an�effective�remedy”,�
further noting that “the right to information is 
critical�in�the�context�of�toxics”.�This�report�sets�
out�findings�from�four�years�of�monitoring�in�
industries and countries around the world, with 
a�focus�on�the�situation�of�workers�exposed�
to�toxic�and�otherwise�hazardous�substances�
worldwide.�It�argues�that�many�companies�and�
national governments are not meeting their 
duty to uphold the rights of workers under the 
Universal Declaration of Human Rights and the 
International�Covenant�on�Economic,�Social�and�
Cultural�Rights.�These�stipulate�the�right�to�safe�
and�healthy�working�conditions.�

The report proposes 15 principles which are 
relevant to strengthening chemicals and waste 
management�beyond�2020.�They�aim�at�helping�
governments and businesses ensure protection 
from�exposure�to�hazardous�chemicals,�which�the�
Special Rapporteur referred to as a global health 
crisis.�The�proposed�principles�broadly�cover�the�
responsibilities and duties of businesses and 
governments;�worker�access�to�information;�and�
“remedies” to hold those who violate workers’ 
rights�accountable�(UN�HRC�2018).�A�subsequent�
report�in�October�2018�explored�opportunities�
to further integrate the human rights dimension 
of�chemicals�and�waste�into�the�beyond�2020�
framework.

Corporate responsibility, accountability and 
human rights 

The role of corporations in achieving sustainability 
was recognized as long ago as the World 
Commission on Environment and Development 
report Our Common Future,�published�in�1987.�
The corporate sustainability or corporate social 

responsibility movement has proceeded through 
various� certification� schemes,� membership�
organizations, guidelines and standards, such 
as�the�ISO�26000�standards�for�corporate�social�
responsibility,�the�Global�Reporting�Initiative,�the�
Equator�Principles�and�the�UN�Global�Compact.�
In�parallel,�critics�of�the�voluntary�approach�have�
advocated for the adoption of binding norms 
governing corporate behaviour with social 
and environmental impacts, largely under the 
rubric�of�corporate�accountability�(Antypas�and�
Paszkiewicz�2015).�

In�2008�the�UN�Human�Rights�Council�adopted�
the�UN�Protect,�Respect�and�Remedy�Framework�
for Business and Human Rights, commonly 
known as “the Ruggie Framework” after the 
UN�Special�Rapporteur,�Professor�John�Ruggie.�
This�framework�expresses�the�global�standard�
of�expected�corporate�conduct�and�provides�
the baseline for corporate responsibility with 
respect to human rights as “part of the company’s 
social� license�to�operate”.� It�centres�on�three�
“differentiated�but�complementary”�pillars�of�
responsibility: the State’s duty to protect against 
human rights abuses by third parties (including 
business);�corporate�responsibility�to�protect�
human�rights;�and�the�need�for�more�effective�
access�to�remedies.�

The Ruggie Framework was followed by the 
endorsement� in� 2011� of� the� UN’s� Guiding�
Principles on Business and Human Rights 
(Antypas�and�Paszkiewicz�2015).�The�international�
community indicated its commitment to these 
Guiding� Principles� through� the�UN�General�
Assembly’s�adoption�of�the�2030�Agenda�for�
Sustainable�Development�in�2015.�In�response�to�
the adoption of these Guiding Principles, major 
chemical�companies�such�as�BASF�and�Merck�
have committed to protect human rights (Merck 
2017;�BASF�2018).�Important�steps�companies�
may take to prevent and address human rights 
impacts related to their production and products 
include�the�use�of�a�life�cycle�approach.�Hence,�
everyone in the entire chain of a product’s 
life cycle has a responsibility to consider the 
environmental, social and economic impacts of 
a product at every stage of its life cycle (BHRRC 
2018).



Chapter  8. Empowering and protecting citizens, workers and consumers 603

Enabling policies and action to support innovative solutions

Part IV

8.7 Potential measures to empower 
and protect citizens, workers and 
consumers

The roles of citizens and consumers in advancing 
the sound management of chemicals and 
waste�are�crucial.�Enabling�policies,� including�
the right-to-know of workers, consumers and 
communities, public participation, and access to 
justice, coupled with innovative technologies, can 
reap the full potential of citizens to engage and 
protect�their�rights�to�a�healthy�environment.�
Taking into account the preceding analysis, 
stakeholders may wish to consider the following 
measures to empower and protect workers, 
consumers and citizens:

 › Take steps so that consumers have appropriate 
knowledge concerning chemicals in products 
in order to make informed decisions, including 
through�innovative�technology�applications.

 › Develop and strengthen worker, consumer 
and community right-to-know policies and 
laws, and ensure that relevant and complete 

information concerning hazards and possible 
exposures�to�chemicals�is�made�available.

 › Engage citizens and the public in collecting 
data�relevant�for�scientific�chemical�analysis�
and�effective�chemicals�risk�management�
policies.

 › Consider stricter regulation that requires 
clear and consumer-friendly advice for using 
harmful�products�in�a�safe�way.

 › Initiate� corporate� campaigns,� multi-
stakeholder collaborations, and working with 
socially�responsible�investors.

 › Ensure that citizens can access the courts in 
matters of chemical pollution and human 
health protection related to chemicals and 
waste.

 › Encourage all chemical companies to embrace 
the�UN�Guiding�Principles�on�Business�and�
Human�Rights.
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