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Chemists around the world, take your part in the circular economy!

Gregory Chatel*[

Abstract: Based on recent examples and initiatives reported in
the literature, this concept article discusses how chemistry can
contribute to the circular economy approach in order to improve
our current and future economical, societal and environmental
system. Through five proposed levels of contribution, chemists
can take a significant part in this global approach via the
consideration of green chemistry principles, the simplification of
syntheses, the limitation of complex products preparation, the
efficient utilization of resources but also the novel ways of waste
valorization. A more systematic and generalized environmental
and economic assessment from the lab-scale is also
recommended. At last, chemists have to work even more
collaboratively and in a multidisciplinary way, within chemistry and
beyond.

Introduction

In March 2020, the European Commission adopted a new Circular
Economy Action Plan, as one of the main building blocks of the
European Green Deal.l*] In this context, the Executive Vice-
President for the European Green Deal, Frans Timmermans,
specified that the current economy in Europe is still mostly linear,
with only 12% of secondary materials and resources being
brought back into the economy. There is a huge potential to be
exploited both for businesses and consumers. Indeed, the
European Green Deal sets a roadmap towards a climate-neutral
circular economy, where economic growth is decoupled from
resource use. Chemists in Europe but also all around the world
have a real role to play in establishing a circular economy.

Let’s start from the origin and meanings of each word. Circular
Economy. “Economy” is borrowed from Latin oeconomia and from
Ancient Greek oikovopia which literally means “management of a
household”. Here, we can consider that we are talking about our
home, our Planet, and the management of their resources, our
common resources, which are not inexhaustible. “Circular” from
Latin circulus, a diminutive of circus meaning “circle”, “ring” or
even “orbit”. It is therefore a matter of managing our house in a
circular way, to gauge our consumption of resources, taking into
account our production of waste and/or pollution, but also their
impacts. Interestingly, Rizos et al. summarized and discussed the
different definitions of the circular economy concept given by
several authors and organizations. It is often opposed to the linear
economy (“make, use, dispose”), highlighting the need to create
closed loops of material flows and to reduce the consumption of
virgin resources and its attendant harmful environmental
impacts.?

The circular economy is not a constraint, but a real opportunity
to innovate by doing it differently. A circular economy increases
the value of a material resource by maximizing its conversion into
products (high value), and eliminating waste (low value). In
addition, the lifetime of products is increased through responsible
product design.®!

Circular economy is a concept promoted at both policy-
makers and business communities, especially in EU and more
generally worldwide. Differently from recycling practice, circular
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economy emphasizes, among other aspects, waste utilization as
a way to close the cycle and minimize the use of resources
(Figure 1). When a product reaches the end of its function, reuse
and recycling provides an opportunity to prolong the usefulness
of its constituent parts even further. Meanwhile the inherent value
of the material embodied in the product is extended rather than
wasted. One of the major challenge of this strategy, for example
for waste, is about the need to convert low economic value waste
into high value products and by developing a process globally less
expensive than the corresponding virgin fossil resource. It is
undoubtedly in this kind of strategy that the chemist will be able
to contribute to the development of new approaches.
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Figure 1. Representative scheme of circular economy.

What could be circular in chemistry?

Sheldon summarized that the concept of green chemistry (12
principles of green chemistry), proposed by Anastas and Warner
at the end of 1990s (Figure 2),*! is basically based on the
prevention of pollution by waste minimization and the avoidance
of toxic and hazardous substances in the production and
application of chemical products.® The atom economy and the E-
factor consideration,®! the role of catalysis avoiding stoichiometric
amount of reagents!” and the use of renewable resources!® can
constitute a first level of contribution of chemistry to a greener
economy and promote the limitation of unwanted waste. To
accomplish the goals of green design and sustainability in the
industry, 12 principles of green engineering were announced by
Anastas and Zimmerman, as a set of methodologies to prevent
waste, save energy, reduce the environmental impact of the
developed processes and promote systems designed for
performance in a commercial “afterlife” (Figure 2).1%

PRINCIPLE OF GREEN CHEMISTRY | PRINCIPLE OF GREEN ENGINEERING
P: Prevent waste I: Inherently non-hazardous and safe

R: Renewable materials M: Minimize material diversity

O: Omit derivatization steps P: Prevention instead of treatment

D: Degradable chemical products R: Renewable material and energy inputs

U: Use sage synthetic methods O: Output-led design

C: Catalytic reagents V: Very simple

T: Temperature, pressure ambient E: Efficient use of mass, energy, space & time

I: In-process monitoring M: Meet the need

V: Very few auxiliary substances E: Easy to separate by design

E: E-factor, maximize feed in product | N: Networks for exchange of local mass & energy
L: Low toxicity of chemical products T: Test the life cycle of the design

Y: Yes it's safe S: Sustainability throughout product life cycle

Figure 2. The condensed twenty-four principles of green chemistry and green
engineering.[®?!
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Regarding the resources used by chemistry (starting
substrates or materials, reagents, energy, solvents, energy, etc.),
Lin et al. are right to insist that renewability should not be
confused with sustainability.?! Indeed, renewability is relating to
a naturel resource (solar energy, water, biomass, etc.) that is
never used up or that can be replaced by new growth.
Sustainability is a voluntary process that focuses on meeting the
needs of the present without compromising the ability of future
generations to meet their needs, as defined by United Nations in
1987.1111 Authors illustrated this with the biofuel production
example, in which using edible food crops represents an
unsustainable option.!% More generally, even if the starting
molecules and materials involved in a chemical reaction or
process are renewable and low-cost, it could be not sufficient with
respect to the overall sustainability of the reaction, the process
and/or the application of the synthesized/manufactured product
(e.g., its biodegradability, its recyclability, its potential re-use, its
global impact on the environment, etc.). However, renewability
and sustainability often intersect and contribute to circular
economy in terms of (i) implementation of closed loops of
production/transformation, (ii) reduction of the consumption of
virgin resources and (iii) limitation of the impacts on Earth and
future generation of Humans. Thus, circular economy has broader
considerations than respecting the 24 principles of the green
chemistry and the green engineering, taking into account
sustainability and their economic and social components, in
addition to environmental components.

Clark and coworkers discussed the role of chemists in a world
without waste.[*? Through chemistry, the circular economy can
provide the basis of innovative products, made from renewable
feedstocks and designed to be reused, recycled or the feedstock
renewed through natural processes. However, chemical
complexity often complicates product recycling and
manufacturing sustainability.L 3] Fifteen principles integrating
chemistry into a circular economy were proposed to reduce the
molecular complexity to the minimum, design products for
recycling, ensure traceability, keep processes as simple as
possible or develop circular metrics (Figure 3).

* Keep molecular complexity to the minimum required for the desired
performance, including end-of-life.

* Design products for recycling, including all additives and other
components of the product.

* Reduce and simplify diversity and dynamics of substance, material,
and product flows and adapt innovation speed of products to adaptation
speed of recycling.

* Avoid complex products.

* Minimize use of product components that cannot easily be separated
and recycled.

* Design products not suitable for capture and recycling for complete
fast mineralization at the end of their lives.

* Prevent raw materials from becoming critical through reduced use and
efficient recovery and recycling.

* Avoid entropic losses and transfers.

* Avoid rebound effects.

* Be responsible for/develop ownership of your product throughout its
complete life cycle, including recycling.

* Ensure traceability and consider use of product digital passports.

* Develop and apply circular metrics.

* Change traditional chemical practices based on “bigger-faster” into
“optimal adapted-better-safer” and change ownership to rent, lease, and
share business models.

* Keep processes as simple as possible with a minimum number of
steps, auxiliaries, energy, and unit operations.

* Design processes for optimal material recovery of auxiliaries, unused
substrates, and unintended by-products.

Figure 3. The fifteen recommendations to integrate chemistry into a circular
economy proposed by Clark et al.*?!

Interestingly, Slootweg et al. recently proposed the term
“circular chemistry” and formulated 12 associated principles “for a
circular chemistry” (Figure 4).14 The goal of the authors was to
provide a framework analogous to that of green chemistry,
adapted to facilitate the transition to a circular economy. In this
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article, they proposed “to make chemical processes truly circular
by expanding the scope of sustainability from process
optimization to the entire lifecycle of chemical products.”™ The
proposed principles are essentially in link with green chemistry
and several notions are related to circular economy approach.
However, authors focused their argument in the goal to “make the
chemistry circular”. In my opinion, the debate is not at this level,
and we should not say that "chemistry is circular” or that “we have
to make the chemistry circular”. For me, the concept of circular
economy is much broader than chemistry contribution and, as it
will be demonstrated later in this concept article, even if chemists
can represent crucial actors of the circular economy, they cannot,
by themselves, make the economy circular.

1. Collect and use waste. Waste is a valuable resource that should be
transformed into marketable products.

2. Maximize atom circulation. Circular processes should aim to
maximize the utility of all atoms in existing molecules.

3. Optimize resource efficiency. Resource conservation should be
targeted, promoting reuse and preserving finite feedstock.

4. Strive for energy persistence. Energy efficiency should be maximized.
5. Enhance process efficiency. Innovations should continuously improve
in- and post-process reuse and recycling, preferably on-site.

6. No out-of-plant toxicity. Chemical processes should not release any
toxic compounds into the environment.

7. Target optimal design. Design should be based on the highest end-
of-life options, accounting for separation, purification and degradation.

8. Assess sustainability. Environmental assessments should become
prevalent to identify inefficiencies in chemical processes.

9. Apply ladder of circularity. The end-of-life options for a product should
strive for the highest possibilities on the ladder of circularity.

10. Sell service, not product. Producers should employ service-based
business models such as chemical leasing, promoting efficiency over
production rate.

11. Reject lock-in. Business and regulatory environment should be
flexible to allow the implementation of innovations.

12. Unify industry and provide coherent policy framework. The
industry and policy should be unified to create an optimal environment to
enable circularity in chemical processes.

Figure 4. The twelve principle of circular chemistry recently proposed by
Slootweg et al.*4

In  particular, chemists increasingly participate in the
valorization of end-of-life products and materials. “Waste” is no
longer a dirty word. On the contrary, waste represent new
resources and raw material to valorize.[>% Interestingly, a Scopus
Search based on the scientific publications in the last ten years
has shown that an increased number of publications associated
“circular economy” and “chemistry” terms, especially from 2016
(Figure 5). In addition, the majority of these articles are about
waste valorization, leading this theme as the first studied by
chemists in terms of circular economy.
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Figure 5. Number of scientific publications from 2009 to 2019 associating the
“circular economy” and “chemistry” terms. The hatched part is the proportion of
publications associating also the term “waste”. Scopus Search on April, 2020.

Indeed, a huge amount of animal and plant residue are
produced each year from agricultural and food sectors.S For



example, biomass is a resource for several platform molecules:
lignin as the only large volume renewable feedstock for aromatics
(vanillin, p-xylene, etc.);*¢*7 cellulose and hemicellulose broken
down into their constituent hexose and pentose sugars (5-
hydromethylfurfural platform, 1,4-diacids, etc.);*8-2% proteins as a
source of amino acids (L-phenylanaline, cyanophycin, etc.);[524
algae for the production of polymers;[2?] etc. For example,
municipal solid waste is not sufficiently considered as a source of
carbon and hydrogen to produce a large range of chemicals from
methane to alcohols (such as methanol or ethanol) or urea,
although a significant research is carried out in the field and an
increasing number of gasification plants are now implemented.!

In Chemistry A European Journal, Centi et al. proposed to
develop waste bio-refinery systems, currently mainly focused on
waste from agro-food industry, from municipal solid waste limiting
additional costs and environmental impact, related to biomass
growing, collection and harvesting.?3 Authors wanted to stimulate
the development for a large-scale implementation of waste-to-
chemical technology, in particular to measure their techno-
economic and environmental impacts. They also highlighted the
production of syngas from these kind of waste. Syngas is an
important intermediate resource for the production of hydrogen,
ammonia, methanol, ethanol and synthetic hydrocarbons, used
from fuels to chemicals and fertilizers applications.

Lin et al. discussed the example of the circular plastics
economy, especially through the food waste biorefinery
approach.’® For example, one important platform molecule
obtained from food waste is fructose, a precursor
monosaccharide for the production of hydroxymethylfurfural
(HMF) which is also a precursor for the synthesis of widely used
polyesters such as polyethylene terephthalate (PET) and
polyethylene 2,5-furandicarboxylate (PEF), used in plastic bottles
manufacturing. Thus, inexpensive and renewable sugars from
waste can serve the production of high-value added polyesters.

Agricultural and municipal waste can also be valorized in
energy and biofuel, even if the added value (economic,
sometimes environmental) is lower than a recovery in molecules
of interest.2425

At last, innovations of chemists and recent progresses about
processes in synthesis of fine chemicals, pharmaceuticals and
polymers can also lead to additional contributions of chemistry to
the circular economy.B219  Advances in catalysis and
nanocatalysis, 2% development of applications in greener reaction
media (water, supercritical fluids, deep-eutectic solvents,
Polyethylene glycol, etc)[?’] or in combination with alternate
energy input systems (such as microwave, photochemical,
mechanochemical or sonochemical or sonophotocatalytical
activations)®®! are and will be at the origin of new contributions to
circular economy, through their eco-compatible approaches, but
also through the innovation that they could bring. For example,
we developed at lab a sonochemical process to valorize invasive
plants such as Japanese knotweed whose waste obtained after
maintenance campaigns (cutting, grubbing-up, etc.) are not
accepted in municipal waste.??! This research work has led to the
creation of a start-up to take care of this problem, with a local
approach. Power ultrasound, in addition to efficiently contribute to
green chemistry, provide favorable energy conditions and
physicochemical environment to treat recalcitrant,
multicomponent and heterogeneous lignocellulosic biomass, that
could be difficult with other classical engineering methods.
Ultrasonic energy can meet these challenges.%

In summary, we have not to expect for the chemistry to be
“circular”, because these principles are already essentially
described in the concept of green chemistry: better use of
resources, decrease environmental impacts, prevention of waste
formation, etc. This constitutes the level 1 of the contribution of
chemistry to the circular economy (Figure 6). However, chemistry
has a crucial role to play in this context. A level 2 is to go further
in product design: simplify and adapt their syntheses and limit the
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complexity of these products with the aim of circular economy.
Here, chemists have to think how to close loops of production
chains and optimize resource efficiency.®! Innovations, new
technologies and new ways of valorization constitute the level 3
based on future ideas of chemists, based on Research and
innovative approaches. It is also important to think more globally
around a new product or a new process: a global assessment of
the concerned sectors is crucial.

New sectors to be properly assessed

In 2019, Ellen MacArthur Foundation’s CE100 network promoted
a generalization of the mass balance approach, where all
chemicals can be recycled in the same or another product, after
being reduced to simpler building blocks to be used as virgin-
grade feedstock.[3'] In the mass balance approach, fossil
resources are replaced by sustainable biomass already at the
beginning of the production process. The applied share of
renewable resources is then allocated to the new product.

Another interesting concept is the industrial symbiosis where
the output of one process is the input of an otherwise unrelated
process. It can solve, in a local scale system, the problems of
eliminating waste and primary resource demand.? The examples
of industrial symbiosis also revealed a strong ally for the reduction
of carbon dioxide emissions and the amount of waste sent to
landfills and incinerators.

In these two cited approaches, several notions appear. The
first one is about the balance of flows and materials, incoming and
outgoing of a synthesis, of a process and on a larger scale, of the
company. To better manage the reuse of chemicals and waste,
internally or in symbiosis with other industries, it is essential to
control this balance, in terms of quantity but also of quality (purity,
grade). In this framework, a second notion of enhanced level of
transparency is required through the use/establishment of
voluntary label certification or traceability models are
necessary.4

From the analysis of 584 published articles, Godina et al.
showed that, in Europe and Asia, notably China, where there was
a higher prevalence of industrial symbiosis, these approaches are
encouraged by the implementation of public policies.?d This
review also highlighted that the methods used to quantify the
impacts and to analyze the network of industrial symbiosis were
essentially focused on the analysis of the specific case
studies.? The methods used to quantify the impacts of industrial
symbiosis are very diverse, but the life cycle assessment (LCA) is
the most used in these assessments. These analyses are mainly
dominated by an environmental approach, followed by the
economic aspect. The LCA is based on a comparison between
the studied scenario (here, mass balance approach or industrial
symbiosis) and reference scenarios (benchmark for the
environmental performance of studied scenario). Through the
analysis of 26 peer-reviewed papers focused on LCA of industrial
symbioses, Aissani et al. revealed a problem of variability of the
reference scenario.[ 3] Indeed, very few authors defined a
reference scenario using local aspects, constraints, and needs as
product outlets, regulation issues, and stakeholder wishes, while
local influence is crucial in industrial symbioses systems.

Contrary to environmental and economic indicators, social
indicators are more complex and subjective, and associated data
are more difficult to collect. Sutherland et al. proposed several
social sustainability indicators, providing operational definitions
with quantitative associated measures.[3*! Indicator categories
related to employees for example can concern their basic needs
(e. g. percentage below the poverty line, eligibility for government
assistance, etc.), safety/security needs (e. g. health care costs
provided by the company, etc.), affiliation needs (e. g. annual
retention rate, etc.), esteem needs (e. g. employees believing
their contribution to the company is valued, etc.), etc. Thus, the



social impact remains a point of vigilance to be considered in the
development of these new approaches.

LCA is not often applied to laboratory scale, it could be used
in order to evaluate a chemical reaction from an environmental
point of view.*® Indeed, LCA takes into account all the life cycle
stages of the process and discusses the impact of the
environmental burdens inventoried according to a diversity of
impact categories.

In addition to the classical and more recently developed green
metrics evaluating the sustainability of a reaction or a process, ¢!
the lab-scale LCA has been developed on several examples, as
an advisory tool for sustainable development and circular
economy, providing identification of environmental hotspots that
stand out.”] Some researches provide practical framework and
expansion to more complex processes in order to show and
improve the sustainability of new chemistries and materials.¢!
These approaches allow to perform an industrial scale LCA of a
production process developed at lab scale, supporting the interest
for a scale-up.

The consideration of LCA from the lab scale is therefore an
interesting avenue for improving the contribution and impact of
chemistry in a context of circular economy (level 4). As this is not
a very popular practice among chemists’ community, we can
recommend the development of expertise in LCA for chemistry, in
particular through the implementation of simplified guide and
methodologies, but also by teaching it from the university training.

In the case of waste valorization mentioned above, the overall
impact of the new valorization streams to implement has to be
widely considered upstream, with a multi-impact approach, from
an economic, environmental and societal perspective. Indeed, the
transition to a stronger circular economy scenario can improve
current economic, environmental and social issues such as the
development of a new local economy, the creation of new green
jobs, the limitation of polluting practices, etc.[>3 Thus, European
Commission estimates that circular economy will have net
positive benefits, increasing the EU's GDP by an additional +0.5%
by 2030 and creating around 700,000 new jobs.!!!

However, the development of new value chains in the
framework of the circular economy has to pay attention to not
destabilize the entire existing value chain and take into account
all the collateral (negative) impacts.®% The situation on a territory
can be complex, and that is why it is also crucial to identify all the
direct and indirect impacts at the economic, societal and
environmental levels, before implementing these changes. For
example, the recovery of waste can locally create new
competition from businesses or even cause the closure of other
existing industries leading to the destruction of jobs despite the
creation of new activities in the context of the circular economy.
Thus, all these aspects have to be anticipated and prepared, but
here, the chemist has a very limited role in responding to these
challenges.

New opportunities to be collectively seized

The consideration of global systems and the evaluation of
environmental, social/societal and economic impacts require a
multi- and interdisciplinary approach. Indeed, the circular
economy involves all the disciplines of Science. Chemistry
constitutes one of the links of the chain. Chemists have to work,
more and more, with their colleagues in the social sciences and
humanities, for example. Interestingly, Martin et al. debated about
the interdisciplinary research, at a global level, showing that
interdisciplinary research is much touted, but there is confusion
about what it means.*Y The success of interdisciplinary research
projects ultimately depends on implementation of the concepts.
Here, it is indicated that the “good” interdisciplinary research may
not have been invented yet, but the circular economy can also be
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a good pretext for building new operating models between
scientific disciplines. In any case, this is what should be
encouraged.

The circular economy also requires the participation of not
only researchers, but also all the involved actors in the value chain,
from the policy makers to businesses and consumers.['%42 To
reach the objectives of the circular economy, all the actors should
work together, associated in a consortium for each project, often
associated to a delimitated territory.

Based on these latest thoughts, chemists should integrate
project of circular economy with a local and global vision, and a
multi-partner and multidisciplinary approach. This constitutes the
level 5 of contribution of chemistry in an economy more circular
(Figure 6).

For the example of waste valorization, when waste streams
are identified, the collection and the transport issues have to be
developed with specific partners on a territory. Due to the
limitations of collection systems and mechanical recycling, the
recycling rates of major chemical and plastic products are very
low (e.g., 9% worldwide for plastics).*Y There is thus an urgent
need to find ways to loop them back into the production systems
and move towards a resource efficient circular model. About
transport, it is nonsensical to transport large volumes of low value
biomass across long distances, although the fact that this is
common practice demonstrates it is economical.®d Indeed,
transportation of the raw material is not often a major contributor
to overall life cycle impacts. For these reasons, local projects of
circular economy are recommended, even if a territory could
represent a model to then reproduce in other territories.

To improve the quality of the collection, transport and properly
reuse of waste, a robust chain of custody approach has to be
designed to trace, in total transparency, the flow of materials
through a complex value chain.BY Properties such as origin,
production practices and raw material composition should be
specified et preserved at each step. For credibility, all chain of
custody models need standardization and preferably an
independent third-party certification scheme. To this end,
allocation rules need to be defined and a certification process set
up, including what types of claims can be made and what
branding can be used (certifications, labels, standards, etc).

Interestingly, circular economy projects could also bring
solutions to more global issues. In the already cited example from
our lab,?the valorization Japanese knotweed rhizomes leads to
the development of new grubbing-up sites as a lever in the fight
against the proliferation of this invasive plant, with the aim of
preserving biodiversity. Another example discussed by Centi et
al. is the use of recovery and alternative raw materials that can
represent a challenge in terms of (i) reduction of the greenhouse
gas emissions to mitigate climate change, (ii) support to the rural
development (iii) anticipate geopolitical issues (security and
diversification of resources), (iv) need to find alternative C-
sources, less depending on the current large fluctuations and
uncertainty in future costs of fossil raw materials. !

European Commission also suggests the development of
circular economy to reduce pressure on natural resources, stop
the biodiversity loss and reach the climate-neutrality targeted by
2050. Indeed, half of total greenhouse gas emissions and more
than 90% of biodiversity loss and water stress come from
resource extraction and processing.

The interesting point is how to start this circular economy on
a territory. For the valorization of waste for example, if the
collection does not exist, it is not possible to valorize, but without
an existing valorization, a collection has no reason to exist. This
is why the starting point is often an opportunity, a meeting of
actors, a multidisciplinary approach, people who want to work
together, and who will be able to bring all the actors with them. It
is therefore crucial to provoke these opportunities, these
meetings, these consortia of actors, these new loops.

For example, in a new context of the Savoie territory (France)
where the state services had prohibited open burning of
agricultural waste in December 2017 (here, the opportunity), we



started to work with professionals, elected representatives, cities,
state and environmental services, citizens, associations and other
researchers (here, the creation of the consortium) in order to find
alternatives to the burning of wine waste annually produced in the
territory (here, a circular economy to develop). It took over one
year to develop the overall consortium and convince all the actors
to join us to work together on this local project for the wine sector.
We also started to find funding solutions together to start the
research (VITIVALO project).[*3] Since then, we developed a
cascade of valorizations necessary to set up a viable economic
sector on the territory, starting with a first step of extraction of
molecules of interest.4 In our case, a single valorization path
was not viable at the economic and environmental levels. Thus,
we demonstrated that grapecanes and grapevine stocks of the
most widespread grapevine varieties in the Savoie Mont Blanc
territory constitute important sources of two stilbenes, trans-
resveratrol (Rsv) and trans-g-viniferin (Vf). These results were
promising in comparison with the well-known high stilbenes levels
in Pinot Noir and Gewurztraminer varieties but also highlighted
the great variability depending on the applied pre-extraction
parameters.s]

In the framework of the VITIVALO project, we are working with
several researchers, laboratories and companies on the impact
on air quality, the recovery of extraction residues in compost and
insulating materials to validate the proposed cascade of
valorization leading to a "zero waste" approach, but also on
comparative LCA to assess the set-up of this new chain on the
territory. In addition, several primary schools were involved in the
project and large communications dedicated to citizens were
organized on the territory to inform them of the developed
approach.

In summary, thanks to these broader approaches engaged in
the VITIVALO project, the chemists had been able to understand
more widely the issues involved in the global project, learnt a lot
and finally innovated more than with a more classical and simple
"chemist" approach. Here, the consequences of this kind of
circular economy project are more numerous than the part on
waste valorization, with the reduction of the impact on air quality,
the support to changes in the practices of wine-making
professions, the help to decision-making, the creation of a new
local sector with potential economic impacts on the territory.

A methodology for creating new loops of circularity (new
opportunities) was proposed for the chemical industry, based on
the principle that “circulating molecules means reusing existing
molecules, in either the form of hydrocarbons contained in
biomass or in the form of chemical material contained in end-
consumer products”.[4¢1 Authors specifically proposed a five
molecule-circulating loops based on (i) renewable feedstock (ii)
increased reuse of products containing chemical industry outputs,
(iif) molecule reuse via mechanical recycling, (iv) modification of
molecules and reuse as precursors meaning via chemical
recycling and (v) energy recovery and reuse of CO,. According to
the proposed report, these five loops could lead to the
recirculation of around 66 Mt of chemicals each year in Europe. ¢!
The three described scenarios (“‘continue as-is”, “capitalize on
opportunity” and “thought to the end”) bring a very interesting
positioning on future approaches.

Another way of innovation that circular economy can provoke
is the functional economy where customers pay for the use of
products and not for their possession.l*”-48! Rather than selling
products and generating waste, difficult to track and separate, a
paradigm shift would allow customers to use an object/product.
Indeed, this latter will remain the property of the company that
operate it, facilitating its traceability and its recyclability. In our lab
for example, we are working on the collection and recovery of
coffee grounds, in particular using supercritical fluids.*% We are
working with a local company that collects coffee grounds from
restaurants of the territory. We have noticed that the majority of
these restaurants are supplied with coffee by the same company.

5
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We could imagine an original system where the latter company,
instead of selling coffee, could sell the “coffee service”. After its
use in the restaurant, the company could recover the coffee
grounds to facilitate its recycling or reuse, keeping a complete
traceability of the product. More than restaurant waste, it would
be a valuable by-product of the company that proposes coffee. An
idea to explore in the framework of circular economy...

At last, the multiplication of this type of projects or local
initiatives, involving all the actors in the chain, in particular
chemists, will also depend on public policy with incentive actions
and associated governmental regulations.[>°: 5] Ranta et al.
identified for example that the general drivers of the circular
economy from institutional environment of China, United States
and Europe support recycling as the primary circular economy
action, while support for other types of actions appears to be
lacking. Regulatory measures have primarily driven increased
recycling efforts on both the integrator and manufacturer sides.
Between regions, China differed due to its informal sector and
strong regulative institutional support. Authors suggested to
improve institutional support for the circular economy and allow it
to fulfill its potential as a sustainable growth model.[5

Conclusion: chemists, take your part in the
circular economy!

The circular economy represents a real opportunity of
sustainability for our current economical, societal and
environmental system, but also of innovation for academic and
industrial Research. Chemists of all fields have to work together
on it. The solutions are often a combination of expertise and a
cascade of approaches, involving organic, inorganic, analytical or
polymer chemistries. The solutions will be always collective and
complementary!

In this framework, it has been suggested five levels of
contribution of chemistry to circular economy (Figure 6):

- level 1: green chemistry and eco-compatible

synthesis/processes to limit the negative environmental

impact of chemistry;

- level 2: simplification of syntheses and limitation the

complexity of the products with closed loops of production

chains and optimized resource efficiency;

- level 3: innovations, new technologies, new ways of

valorization and new concepts;

- level 4: systematic  and more  generalized

environmental/economic assessment, in particular using lab-

scale LCA,;

- level 5: consideration of issues/opportunities with a local

and global vision, and a multi-partner and multidisciplinary

approach.

Contribution of Chemistry to Circular Economy

Level 5 Multi-partner & multidisciplinary approach

Lab-scale environmental & economic assessment
Innovations, new technologies & new concepts

Level 4

Level 3

Level 2

Simplification & optimized resource efficiency

Level 1

Green chemistry & eco-compatible syntheses

Figure 6. Proposed level scale of contribution of chemistry to circular economy.



Chemistry can contribute in each of these levels, but the
higher the level, the more the associated projects will have a
chance of success with positive impacts, from an economic,
societal and environmental point of view. Thus, chemists have to
take their part, as an essential link in the chain of actors, in the
development of a more circular economy.

This concept article is written in the framework of the third
Young Chemists Special Issue 2020 of the journal. Young
chemists have the chance to benefit from all the work of our
predecessors and more experienced researchers, now available
in the literature of recent decades. Young chemists can also
sometimes have new visions of approaching issues and concepts.
Let's mix all these forms of expertise and work together, all
generations combined!

Chemists are not alone in this adventure. They have also to
work more closely with other disciplines (economists, sociologists,
ecologists, political scientists, computer scientists, etc.) which do
not have the same approaches, or the same vocabulary
sometimes. However, this multidisciplinarity can lead to such
synergistic effects and completely different and innovative
approaches!

Some examples given in this paper have shown that a more
local approach can respond to local issues that can serve as a
demonstrator. In addition to making sense in terms of limiting the
transport of materials, creating dedicated jobs and implementing
a new local economy, these initiatives can then be replicated in
other territories to finally keep a global impact.

To conclude, the circular economy will continue to boost the
Research developed by chemists, so let's innovate again!
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better economical, societal and environmental approach in this kind of projects.
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