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ABSTRACT

The European Green Deal aims to address the challenges of climate change and environmental degradation and
plans to transform the EU into a modern, resource-efficient and competitive economy, ensuring, among other
things, that there are no net emissions of greenhouse gases by 2050 and economic growth is decoupled from
resource use. The European Commission has issued a Circular Economy Action Plan. The action plan announces
initiatives along the entire life cycle of products. What opportunities and challenges can be expected from the
implementation of the European Green Deal for the chemical industry in the EU? A circular economy offers in-
novative solutions to sustainability challenges by moving from a take-make-use-dispose economy to an improved
resource management. However, the implementation of a closed loop economy for the chemical industry is not
only reflected in the value chain within its own production processes but also in possible changes in customer
demand due to circularity. Based on this observation, a methodology is developed to assess the impact of the
circular economy on the customers of products provided by the chemical industry. The methodology developed
is applied within a case study using the EU chemical industry as an example. The results of this case study show
an increase in demand for chemicals compared to the baseline due to circular economy trends; for example, in the
medium-term (2030), the circular economy drivers will lead to around 18 Bn. € of increased demand compared
to today (2020). In the long-term (2045), the effects of circular economy will be softened to a certain extent and
an increase in demand of around 6 Bn. € is expected. For example, demand for plastics as well as paints and
inks in the automotive industry will increase in the medium-term. This is directly related to the growing demand
for electro mobility, the trend towards lightweight materials and the increasing use of plastics (composite mate-
rials) in automotive construction. The methodology presented here provides a future perspective of the impact
of circularity on the respective product demand of customers in the chemical industry and attempts to inspire
discussions that support the transition to a sustainable circular economy.

1. Introduction

the actions placed within this roadmap. The overarching aim of this
Circular Economy Action Plan is to produce sustainable products to be

In December 2019, the European Commission (EC) published mea-
sures to meet the European Green Deal to drive Europe’s ambition to be-
come a world leader in a resource-efficient and sustainable economy by
2030 and beyond. It outlines the investments required and the financial
instruments available. Additionally, it explains how to ensure a fair and
inclusive transition to promote the efficient use of resources through the
transition to a clean, circular economy with a view to achieving the goal
of a climate-neutral European Union (EU) by 2050 (European Commis-
sion The European Green Deal, 2019). Therefore, the EC has developed a
roadmap providing an overview of the respective measures documented
within the European Green Deal to be defined by 2021. The Circular
Economy Action Plan being part of this roadmap and relevant also to
the chemical industry, was already published in March 2020 as one of
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provided to the European and global markets (European Commission A
New Circular Economy Action Plan for a Cleaner and More Competitive
Europe, 2019).

Accordingly, the chemical industry is faced with the questions of (i)
how far it can promote its own manufacture of sustainable products and
(ii) what effects these circularity demands have on the respective prod-
uct demand of customers in the chemical industry. Against this back-
ground, this article develops and presents an assessment methodology
to answer the second question. The first question is addressed in a pre-
viously published article (Thormann et al., 2021). With regard to the
evaluation of the circular economy, the focus of this article is on the
demand for products of the chemical industry. In order not to overload
the scope of the article, only the chemical industry has been considered,
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but the methodology developed can be transferred to other industries.
This leads to the main research questions of this article: How can oppor-
tunities and challenges of circular economy on the demand of products
from the chemical industry be evaluated in the medium- and long-term?

Previous work has conceptualized circular economy in the chemical
industry (Kiimmerer et al., 2020; Vennestrgm et al., 2011) and described
approaches in the area of changing business models (Bocken et al., 2019;
Antikainen et al., 2017; De Angelis, 2018). While recent studies analyze
the importance of circular economy in the chemical industry in terms of
sufficiency (Bocken et al., 2022) and bring it more to the forefront of the
discourse on circular economy (Snihur and Bocken, 2022), there is a lack
of conceptual methodologies to assess impacts in terms of demand. Fur-
thermore, while research has included business cases (Bocken and Koni-
etzko, 2022), it has lacked a comprehensive approach linking changes
in demand from chemical industry customers due to circular economy
trends. Here we develop a methodology to assess the opportunities and
challenges of demand as a driver of the circular economy. The effects
of circularity on the chemical industry include, e.g., products that en-
able partners in the value chain to increase their recycling quota, to
provide more durable products for increased reuse and/or to convert
plastic waste into chemical building blocks (improved recycling). The
principle of circular economy aims to optimally use and recycle avail-
able materials throughout their overall life cycle. Examples of this are
(Hirsch and Schempp, 2020; Woltjer et al., 2018):

» Product design. Rethinking the product design by, e.g., reusing and
recovery of components or recycling materials after the use of the
product;

» Business model. Developing innovative business models by, e.g.,
keeping products in a clearly longer use by reuse or redistribution
and improve the collection of the products;

» Reverse cycle skills. Using feedstock from reused or recycled sources
by improved treatment methods;

« Cross-cycle and cross-sector collaboration. Making more intensive
use of products, e.g., via service or performance models.

The EC has summarized the drivers of the circular economy in the
’9 R’s’: refuse, rethink, reduce, re-use, repair, refurbish, remanufacture,
repurpose, and recycle (Hirsch and Schempp, 2020). These nine drivers
and the demand for alternative raw materials is within the focus of the
developed methodology.

The framework conditions of the European Green Deal are both de-
manding and supportive for the chemical industry. It is therefore es-
sential for the achievement of the objectives of the Green Deal that
innovations (novel and sustainable processes and products) towards a
sustainable chemical industry can be evaluated across the various sec-
tors. Thus, the development of an assessment methodology is necessary
for technology prioritization with regard to advanced materials and ad-
vanced processes as well as the implementation and joint development
of digital technologies. This will require identifying all circular economy
impacts of the innovation ecosystem, across value chains and technolo-
gies.

The consequence is that the methodology to be developed here has to
include several parameters to assess the impact of the circular economy
on the chemical industry. Essentially, there are three parameters to be
considered:

(i) The industries to that the chemical industry essentially supplies its
products,

(ii) The specific products (chemicals or chemical groups) that the chem-
ical industry supplies to the respective market segment or customer
and

(iii) The impact of circular economy on customer demand per market seg-
ment and chemical group in the medium- and long-term compared
to today’s demand.

The methodology thus has to provide an outlook on the impact of the
circular economy on the respective product demand of customers in the
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chemical industry and seeks to stimulate discussions that support the
transition to a sustainable circular economy. To reach this goal, a base-
line needs to be defined (i.e., evaluation of relevant market segments
and chemicals/ chemical groups) and, based on this, an assessment of
circular economy drivers need to be performed. Following this, a per-
spective for the future, indicating what chemical groups or chemicals
will experience changes in demand due to circular economy, can be
identified. The methodology developed is based on literature research
and on expert interviews.

2. Methodological approach

The methodology is based on investigating the current situation and
extrapolating the situation (as-is) as an assessment of the baseline. The
necessary data are provided by an analysis of relevant market segments
and chemical groups as well as their respective market shares. The re-
sulting development with regard to a circular economy demands are
analyzed then in a subsequent step. In this context, it is analyzed how
demand per market segment and chemical group develops due to the
influence of the measures to be implemented to realize a circular econ-
omy. The results are then compared to the baseline (Fig. 1).

A detailed explanation of the methodological approach follows later
in the chapter. To assess the baseline, we have identified the relevant
market segments of the chemical industry and assessed them without
the influence of circular economy. In doing so, we have differentiated
between chemical groups, regions and the time frame. In the circular
economy impact assessment, we determined the demand for products
of the chemical industry and analyzed it in terms of chemical groups,
market segments, regions, time horizon and the circular economy per-
spective.As a basis for assessing demand, we have added the circular
economy impact and a relevance factor. The circular economy impact
results from the market segments, the regions, selected circular econ-
omy parameters and the time horizon. The relevance factor describes
the extent to which the circular economy parameters have concrete ap-
plication for the respective market segment. The determined relevant
demand has subsequently been converted into indexed demand for im-
proved presentation.

2.1. Baseline evaluation

The baseline evaluation first assesses the market segments where the
chemical industry currently supplies chemicals or groups of chemicals.
The next step is to evaluate the chemicals or chemical groups supplied
per market segment for the medium- and long-term in a region (here:
the EU).

As a basis for this, a clear delimitation of the investigated area with
regard to the chemicals or chemical groups is necessary by clearly defin-
ing the respective system boundaries. As soon as it has been determined
what chemicals or groups of chemicals are to be analyzed, the region
(re) to be included in the analysis needs to be clearly defined. This is
relevant for the evaluation of the sales market.

In order to determine the relevant market segments for the chemi-
cal industry, the chemicals or groups of chemicals produced according
to defined classes, a segmentation strategy is carried out based on the
demand (i.e., sales). Segmentation should lead to the formation of suffi-
ciently large homogeneous customer groups, whereby a segment should
be located somewhere in between the two extremes of the total mar-
ket and the individual customer. Industries or customer segments with
less than 2% demand per chemical group are typically not evaluated
individually, but are grouped together under ‘Other’ (Langner, 1991).

2.1.1. Current status

Eq. (1) describes the respective market segment (M.S| _,,cq, ,.re,
describes themarket segment (share) in% (MS;_,,) of the chemical group
(CG;._ ) in a region (re) for the current status (ty), D stands for the
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Baseline evaluation

Circular economy impact assessment

Circular economy impact in Bn. € (CE/)
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— in a region (re)

(p1...n)

— per market segment (MS;_,)
— for selected circular economy parameters

— for the current status (t,), medium-term
(t,,) and long-term (t))

Relative change in demand in % (RC)

— for the identified chemical group
(CG/.,)

— per market segment (MS; )

— in a region (re)

Evaluation of relevant market

segment (MS;_,)

— per identified chemical group

— in a region (re) — in aregion (re)

— for the current status (t,), medium-
term (t,,) and long-term (t))

()

Relevant demand in Bn. € (RD)
— for the identified chemical group (CG;._,)
(CG, ) Is| | — per market segment (MS; ) 7

— for the circular economy perspective (CE)
— for the medium-term (t,,) and long-term

— for the baseline (B) compared to the
circular economy perspective (CE)

— for the medium-term (t,,) and long-
term (t)

Indexed demand (/D)

— for the identified chemical group
(CGy.n)

— in a region (re)

— for the baseline (B) compared to the

(iCE;...)

— in aregion (re)

()

Relevance factor (f)
— indexed circular economy parameter

— per market segment (MS;_,)

— for the circular economy perspective (CE)
— for the medium-term (t,,) and long-term

circular economy perspective (CE)
— for the medium-term (t,,) and long-
term (t)
— per market segment (MS; )

Fig. 1. Simplified illustration of the methodological approach to the evaluation and assessment of the indexed demand of the chemical industry by circular economy

drivers.

demand (sales) in a region (re) for the current status (ty), andCG,;
describes the identified chemical or group of chemicals).

MSIA..n,CGl___n,re,to = Dre,IOCGlA.,n (e))

2.1.2. Medium- and long-term perspective

For the calculation of the future market share per market segment
and chemical group, the average of a certain amount of years is used
as a basis for the extrapolation into the future; for example, the past
five years (i.e., 2016 till 2020) can been used for that. Based on this
approach, for simplicity reasons it is assumed that no new market seg-
ment will be developed in a medium- to long-term perspective. If the
methodology is to show more granularly what market segments are in-
volved, e.g., beyond the automotive segment and a differentiation of
electric and fuel cell propulsion is required, market segment expected
to emerge in the medium- and long-term can easily be included into the
methodology.

2.2. Circular economy impact assessment

The future demand under the conditions of circular economy for
chemicals or group of chemicals is represented by an index (Eq. (2),
IDcG, recEd, ms, , described the indexed demand (D) for the identi-
fied group of chemicals (CG, ) in aregion (re) for the circular economy
perspective (CE) for the medium-term (t,,) and long-term (t;) per market
segment (MS; ), CEIlys, rep, 1, Stand for the circular economy
impact (CEI) per market segment (M .S, ,) in a region (re) for selected
circular economy parameters (p, ) for the medium-term (t,,) and long-
term (&), RDcg, ,ms, ,reCE.,,) describes the relevant demand (RD) for
the identified chemical group (CG, ) per market segment (M.S; ,)in
aregion (re) for the circular economy perspective (CE) for the medium-
term (7,,) and long-term (1)), ficg, ,ms, ,recEu,, iS @ relevance factor

(f) indexed circular economy parameter (iCE, ,) per market segment
(M S, ) in a region (re)for the circular economy perspective (CE) for
the medium-term (,,) and long-term (), RCcg, | ms, ,re.B.CE.,, Stand
for the relative change in demand (RC) for the identified chemical group
(CG;. ) per market segment (MS; ) in aregion (re) for the baseline (B)
compared to the circular economy perspective (CE) for the medium-term
(t,,) and long-term (t;)). Eq. (2) thus represents the overall calculation,
and the individual components of the calculation method are explained
in more detail in Eq. (3) till 6 (see below).

IDCG]...nre!CE’tm,[MSl...n = CEIMS]“.nre’pl.“n’tm,/
X<RDCGI..J1MSI,..nrevCEvtm.I fiCEl.“nMSI..‘n""vCEJmJ)

X<_RCCGI...nMSl...nrevB’CEvrm,l) @

2.2.1. Circular economy impact

To evaluate the circular economy drivers on a specific market seg-
ment to be assessed, the influence of the relevant circular economy pa-
rameters in a specific region on this respective market segment needs to
be analyzed. Thus, based on the parameters defined above indices are
formed.

In March 2020, the EC published a sector-agnostic approach for ac-
tivities contributing to the circular economy. For the identification of
relevant circular economy drivers the nine 'R’s of the EC are applied
and evaluated for relevance. In principle, the following nine 'R’s can
be used for categorization (according to Hirsch and Schempp 2020,
Bocken et al.).

* Refuse; i.e., make a product redundant by abandoning its function
or by offering the same function by a radically different product or
service;
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.

Rethink; i.e., make product use more intensive (e.g. mobility as a
service);

Reduce; i.e., increase efficiency in product manufacture as well as
reduction of the number of products on the market;

Re-use; i.e., re-use of a product which is still in a good condition and
fulfills its original function (and is not waste) for the same purpose
for which it was conceived;

Repair; i.e., repair and maintenance of a defect product so it can still
be used with its original function;

Refurbish; i.e., restore an old product and bring it up to date;
Remanufacture; i.e., use parts of a discarded product in a new prod-
uct with the same function;

Repurpose; i.e., use a redundant product or its parts in a new product
with different function(s);

Recycle; i.e., recover materials from waste to be reprocessed into
new products, materials or substances whether for the original or
other purposes.

.

.

.

.

.

.

Based on this categorization, the identified market segments are an-
alyzed. The analysis calculates to what extent the demand for specific
products or product groups within a market segment changes due to
circular economy parameters. Eq. (3) is valid (CEl s, | pg et de-
scribes the circular economy impact (CEI) per market segment (M .S} )
and more precisely per product group within the market segment
(PG;_ ) in a region (re) for the medium-term (t,,) and long-term (t);
Pi... is the selected circular economy parameters; RD, . stand for
therelevant demand).

3

The selection of the 'R’s therefore refers to the effect on the changing
demand per market segment. For example, changing legislation is used
as a basis for assessing the impact on demand per market segment.

The relevance factor connects the demand for the chemicals or
groups of chemical with the circular economy impacts to identify the
intensity the circular economy parameter has on the respective market
segment as well as on the respective chemical or group of chemicals.
This is defined within Eq. (4) (fys, PG, ,re,, i therelevance factor
per market segment M.S, , and per product group PG, ,, per region
(re) for the medium-term (t,,,) and long-term (¢,); CG, _, describes thei-
dentified chemical group; iCE, ,stand for the indexed circular econ-
omy parameter).

CElys, ,pG, ety = PG1 nP1. oRDy

Ims, PGy ety = CO1_nICE “

The relevance factor can be determined from data on the basis of
market shares for the respective chemical or group of chemicals.

2.2.2. Relevant demand

The relevant demand (RD) per market segment is the expected base-
line demand for the medium- and long-term including circular econ-
omy impacts. This is described by Eq. (5) (RD¢g,  recEs, ms, , 9€
scribes therelevant demand per identified chemical group (CG, ,)
per region (re) for the circular economy perspective (CE) for the
medium-term (t,) and long-term (t;) per market segment (MS; ,);
CEIps, ,re.PGy. ,CGy_upy. mimy 1S thecircular economy impact (CEI) per
market segment (M S, ) in a region (re) and more precisely per prod-
uct group within the market segment (PG; _,) per identified chemical
group (CG, ) per selected circular economy parameters (p, ) for the
medium-term (t;,) and long-term (); fick, ,ms, ,reCEu,, Stand for the
relevance factor per indexed circular economy parameter (iCE, ) per
market segment (M.S; ) per region (re) for the medium-term (t,,) and
long-term (7,)).

RDCGI..,nr">CEv’m,IMSI,,.n = CEIMS].“nrevPGl.J1CGI..,n1’I,,.nv’m,l

X (RDCGIM,,re,rmv,MSlm,, fiCElm,,MSlm,,re,tmv,) ®)
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The baseline demand excluding the circular economy impacts is cal-
culated on the basis of the demand given within a certain time frame in
the past used as a basis to be extrapolated it further. The CAGR (Com-
pound Annual Growth Rate) is used as the key indicator (Eq. (6)) (PV, is
the initial, present or starting value of the asset, FV,, is the final, ending
or future value, t,, is the end time period, and ¢ is the first time period)
(Chan, 2009).

1
FV, \ 0
CAGR={ o -1 ()

1o

3. Case study

In the following explanations, the described methodological ap-
proach is applied within a case study.

3.1. Definition

The investigated time horizon is the current status (2020), the
medium-term (2030), and the long-term (2045). The regional system
boundaries include the EU-28. The focus is set on the chemical industry,
i.e. basic inorganics (fertilizers and other inorganics), consumer chem-
icals, polymers (plastics, synthetic rubber, man-made fibres), and spe-
cialty chemicals (dyes & pigments, crop protection, paints & inks). The
market segments or consumer of the chemical industry considered are
agriculture, automotive, building & construction, household, leisure &
sports, electrical & electronics, packaging, publishing &printing and tex-
tile.

3.2. Baseline evaluation

The evaluation of the relevant market segment is based on public
available data. This is true for reports from chemical companies pro-
viding an overview of market segments per chemical group, and the EC
provides statistical data on the chemical industry and its customer mar-
kets. Additionally, annual business reports from the European chemical
industry are used to identify relevant market segments. In addition, the
European Chemical Industry Council (CEFIC) provides an annual report
providing an overview of the market segments of the European chemical
industry.

Within these sources, chemicals are typically classified in commodi-
ties, specialties and fine chemicals, where commodities and fine chemi-
cals are single pure chemicals and specialties are mixtures. Nevertheless,
the borderline between the different classes of chemicals is often not
clear-cut. Thus, the data sources mentioned above need to be allocated
to the various classes based on clearly defined allocation rules.

The CEFIC categorization differentiates between four categories and
data based on these categories is already available (Bartels et al., 2020;
Hadhri, 2020; American Chemistry Council 2019 Guide to the Business
of Chemistry, 2020x). Therefore, this categorization is also used within
the subsequent analysis.

1. Basic inorganics; i.e., fertilizers (e.g., nitrogen fertilizers, phos-
phate fertilizers, potassium fertilizers) and other inorganics (chlo-
rine, caustic soda (sodium hydroxide), acids (nitric, phosphoric, sul-
phuric, etc.), aluminum sulfate, lime, soda ash (sodium carbonate),
sodium bicarbonate, sodium chlorate, sodium sulfate, and sulfur;

2. Consumer chemicals (e.g., glycolic acid, silicone, surfactants);

3. Polymers; i.e., plastics (e.g., polypropylene (PP), low density
polyethylene (LDPE), linear low density polyethylene (LLDPE),
high density polyethylene (HDPE), polyvinyl chloride (PVC),
polyurethane (PU), polyethylene terephthalate (PET), polystyrene
(PS), expanded polystyrene (EPS), other polymers), synthetic rub-
ber (e.g., butyl rubber, ethylene-propylene-diene monomer (EPDM),
terpolymers, neoprene, nitrile rubber, styrene-butadiene rubber
(SBR), specialty elastomers), man-made fibres (e.g. acrylic, nylon,
polyester, polyolefin);
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Fig. 2. Current status of sales per chemical group and market segment (first/direct customer industry) (intra-industry sales not included); excluding petrochemicals,
industrial gasses and auxiliaries; values below 0.5 Bn. € are not represented by the exact value.; ! others includes appliances, mechanical engineering, furniture, medical
etc.; calculations and approximations are based on (Hadhri, 2020; American Chemistry Council 2019 Guide to the Business of Chemistry, 2020; Chemiewirtschaft in
Zahlen Online - Verband Der Chemischen Industrie e.V, 2020; PlasticsEurope Plastics — the Facts, 2019; European Commission Polymers, 2007; BASF SE BASF

Factbook, 2020; Farn, 2006).

4. Specialty chemicals; i.e., dyes & pigments (e.g. colorants), crop
protection (e.g. fungicides, herbicides, insecticides, miticides, pes-
ticides), paints & inks (e.g. liquid dispersions of dyes (or pigments)).

Current status. Once the chemicals or chemical groups have been de-
fined, the market shares of the chemicals and chemical groups as well
as the relevant market segments are determined. Here, the nine subcat-
egories of the four CEFIC categories are reported individually to provide
more granular results.

Following these data, sales of chemical products within the EU-28 in
2020 amounted to 499 Bn. € (Hadhri, 2020, 2022). The share of sales
in the categories “basic inorganics”, “consumer chemicals”, “polymers”
and “specialty chemicals” amounted to about 276Bn.€ (Fig. 2 and Sup-
plementary Materials Table 1). This excludes petrochemicals, industrial
gasses and auxiliaries. The chemical group of polymers comprises ca.
34%, specialty chemicals roughly 23%, consumer chemicals a bit more
than 24% and basic inorganics a bit less than 19%.Plastics (ca. 30%)
and paint & ink (ca. 15%) are in particular demand from the market
segments. Four market segments (i.e. (i) agriculture, (ii) automotive,
(iii) building & construction, (iv) household, leisure & sports) together
represent over 82% of the sales of the chemical groups. The distribution
of the chemical groups in relation to the customer segments shows a
rather heterogeneous proportion.

Medium-and long-term perspective. The outlook on future sales de-
velopment in the chemical industry is based on the average of the last
five years (i.e. 2016 till 2020). Fig. 3 shows the expected changes in de-
mand per market segment and chemical group, comparing the current-
status with the future perspectives (as a baseline without the influence
of the changes due to the envisaged circular economy). When looking
at the total sales in the chemical industry in the EU-28 up to and in-
cluding petrochemicals, a Compound Annual Growth Rate (CAGR) of
0.6% can be seen over the years 2013 to 2018 (Hadhri, 2020). Based
on the individual analysis of market segments and chemical groups, a
Compound Annual Growth Rate (CAGR) of 0.08% is expected for the
chemical industry in the EU-28 for the future perspective based on the
last five years (Supplementary Materials Tab. 1).

3.3. Circular economy impact assessment

With regard to the assessment of the effects of the circular economy,
different parameters have been used for each market segment. The pa-
rameters used in the assessments are described in detail in Table S2.The
parameters that are expected to have an impact on the respective market
segment in the future have been taken into account.

The relevance factor combines the demand for the chemicals or the
respective groups of chemicals with the impact of the circular econ-
omy to determine the intensity that the circular economy might have
on the respective market segment as well as on the respective chem-
ical or group of chemicals. This allows a weighting of the factors
(Fig. 4).

For the selected market segments of the chemical industry in the EU-
28, an assessment has been made on the basis of the nine ‘R’s’ according
to the methodology described in Section 2.2.1. This provides a detailed
overview of the key performance indicators identified for each market
segment. Below, the circular economy impacts are discussed in detail
clustered in market segments (Fig. 5) and the respective results are de-
scribed per market segment. In addition, the differentiation between the
various chemical groups is depicted in Figs. 6 and 7.

The results of the projected impact of the European Green Deal on
the chemical industry in the medium- and long-term show significant
changes in the demand based on circular economy (Fig. 6). There is a
clear increase obvious in the demand for chemicals in the medium-term
(~8%). In the long-term, however, this trend is abating, but remains
positive (~2%). Below the various sectors are discussed individually.

The following explanations show that the differences in the charac-
teristics of the effects of circular economy impacts for the respective
chemical groups vary strongly. Nevertheless, in average a significant in-
crease in the overall demand can be seen especially in plastics, consumer
chemicals and paints & inks, while the demand for dyes & pigments is
clearly decreasing (Figs. 6 and 7).

Agriculture. The chemical groups relevant to the agriculture mar-
ket segment include (i) fertilizers, (ii) crop protection, (iii) plastics and
(iv) consumer chemicals (Fig. 4). Within the framework of the European
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Polymers, 2007; BASF SE BASF Factbook, 2020; Farn, 2006).

Green Deal many initiatives are aiming at the agricultural sector. The
initiative “From Farm to Fork” plans during the years 2021 till 2027:
(i) better informed citizens, (ii) more efficient food production systems,
(iii) better storage and packaging, (iv) healthy consumption and reduce
food loss and waste, and (v) more sustainable processing and farm trans-
port. The overall goal of these activities is to contribute to achieve a
circular economy - from production to consumption (European Com-
mission; Directorate-General Communication, 2019). The following four
circular economy indicators for the agricultural industry were identified
(Ragonnaud, 2013; European chemicals agency microplastics - Registry
of restriction intentions until outcome - ECHA, 2020; European Com-
mission Sustainable Agriculture in the EU, 2020; Schrijver et al., 2016;

Takacsné Gyorgy et al., 2018; Alexandratos, 2012; Food and Agricul-
ture Organization of the United Nations, 2015; Tilman et al., 2011;
Priefer et al., 2016; Vox et al., 2016; Kumar et al., 2020; Huang et al.,
2020; Bertling et al., 2021; Mammana, 2014).

1. Reusability and recycling of agricultural applications. Plastic mate-
rials used for crop covering, soil mulching, packaging, containers,
pots, plastic irrigation and drainage pipes, can become a source of
pollution if they are improperly disposed of, left on the ground, or
burned. In this regard, reduction and recycling of plastics in agricul-
tural applications addresses the aim for more sustainable process-
ing. In Europe, 1.51 Mt/a of agricultural plastics are currently pro-



L. Thormann, U. Neuling and M. Kaltschmitt

Cleaner and Circular Bioeconomy 5 (2023) 100044

Agriculture Site specific crop management 0-1m
Food waste reduction -0 _3# o
Reusability and recyclin ' :
) o . Y ; V. g 08 h 13
Microplastics in agricultural applications 113 ——
|
. |
Automotive Electric road vehicles ‘ 21
Digital mobility 1.3 a—— ]2
|
S ; \
Building & construction Insulation materials =13 2.9
| .
Electrical & electronics Material durability 0.0 0.3
Recycling ] 0'10.4
Circularity-by-design 01
[
. \
Household, leisure & sports Material durability #1.3
Recycling ?06 1.0

Circularity-by-design

Packaging Plastic reusability and recycling E 3.2

Paper reusability and recycling 05 3& .

Circularity-by-design 0.5 3.5

Publishing & printing Plastic reusability and recycling .0.4-0%

Paper reusability and recycling O 2'1 ‘

Advanced food packaging | 00_23
Textile Reusability and recycling O'Ofu 0.0
Smart textiles —( 50

I Medium-term [ Long-term

Fig. 5. Effect of circular economy parameter on sales for the medium- and long-term compared to the baseline.

cessed. This value corresponds to about 3.0 to 3.4% of the processed
plastics in Europe (51.2 Mt/a, e.g. thermoplastics, thermosets, and
polyurethanes). Of this, 22.1% come from crop production (mulch
films, protective nets, irrigation systems, etc.), 25.6% from biomass
production (silage films), 10.2% from agricultural equipment, and
42.0% from horticulture and gardening (plant containers, planting
aids, decorative items). Horticulture and gardening are not included
in the calculations of the agricultural sector. The agricultural sec-
tor achieves currently a recyclate use rate of 22% within the EU.
For the baseline observations, a stable recycling rate is assumed in
the medium- and long-term. The agricultural sector in some Euro-
pean countries (i.e. Germany) achieves already a recyclate use rate
of 36.5% at present. The EU-wide averaged recyclate use rate for
circular economy are expected in the medium-term to be between
26.8 to 34.2%. Based on this, an increase in demand is developing
in the medium-term and also in the long-term (Fig. 5).

. Site-specific crop management. The aim is to reduce significantly the
dependency, risk and use of chemical pesticides, as well as of fertil-
izers and antibiotics. Based on this, the increased use of precision
agriculture / satellite farming has been derived (e.g., reduction of
fertilizer required per hectare). The parameters used for this analy-
sis are (i) the size of the European seed market and (ii) the share of
arable land where site-specific crop management is applied. Based
on this, a slight decline in demand is developing in the medium-term
and also in the long-term (Fig. 5).

. Food waste reduction. The amount of food wasted is analyzed.
Levers for the reduction of such food waste considered are (i) im-
provement of process- and market-based standards, (ii) avoidance of
non-compliance with food safety requirements, (iii) abolition of the
expiry / best-before date for food products, (iv) improvement of mar-
keting standards, and / or (v) logistic constraints. Based on this, a

decline in demand results in the medium-term and also in the long-
term (Fig. 5).

. Microplastics in agricultural applications. In view of a forthcoming
restriction regarding the avoidance / refusal of intentionally added
microplastics (expected in 2022), a reduction of the polymer seed
coatings is assumed. Based on this, a decline in demand is developing
in the medium-term as well as in the long-term (Fig. 5).

Fig. 6 shows that a decline in demand can be expected in the agri-
cultural sector for fertilizers. This trend will be driven both by the re-
duction in food waste and by the optimized management of agricultural
land through site-specific crop management.

Automotive. The chemical groups important for the automotive
sector are (i) plastics, (ii) paints & inks, and (iii) consumer chem-
icals (Fig. 4). A sustainability goal valid within the mobility sec-
tor is a clear reduction in greenhouse gas (GHG) emissions by 2050
(European Commission Sustainable Mobility, 2019). Two main trends
are obvious for the automotive sector’s demand for chemical indus-
try products (American Chemistry Council 2019 Guide to the Busi-
ness of Chemistry, 2020; International Energy Agency Global EV Out-
look, 2020; Automotive News Europe Volvo Sets Goal of 25% Recy-
cled Plastics in Cars, 2020; European Bioplastics Bio-Based Plastics in
the Automotive Market — Clear Benefits and Strong Performance, 2020;
Witzke, 2016; Mock, 2018; Weymar and Finkbeiner, 2016; Hurtig et al.,
2014; Niestadt and Bjornavold, 2019; SusChem - The European Tech-
nology Platform for Sustainable Chemistry Strategic Innovation and Re-
search Agenda - Innovation Priorities for EU and Global Changes, 2020;
Carus et al., 2020; Csonka and Csiszar, 2016; Liao et al., 2020; New Reg-
istrations of Electric Vehicles in Europe, 2022).

1. Electric-driven road vehicles. Changing demand for e-mobility based
on customer requirements, changing regulations in the EU-28 is an-
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alyzed, and accordingly, changing demand for chemicals utilized in
this sector. This assessment based on new registrations of private ve-
hicles results in the fact that the circular economy demands on the
automotive industry shows a significant increase in the demand for
chemicals (Fig. 5).

2. Digital mobility. The demand for chemicals will change based on dig-
ital mobility (i.e. shared mobility, automated, autonomous driving)
and increasing technological advantages (i.e., enhanced functional-
ities, durability and recyclability of composites and cellular mate-
rials in increasingly demanding applications). Relevant parameters
are, among others, number of new built vehicles, average number of
passengers per trip, vehicle lifetime, average weight of a passenger
vehicle, change for chemicals in private and shared vehicles, recy-
cling rates of chemicals from vehicles. Fig. 5 shows that the efforts
towards digital mobility will lead to a decline in demand for chemi-
cals in the long-term. The trend towards lightweight vehicles results
in an increasing demand for chemicals, e.g., to replace other mate-
rials in the construction of a vehicle (e.g. steel) in the medium-term.
However, the trends based on shared mobility are directing into de-
clining figures in the demand for vehicles in the long-term.

Building and construction. The chemical groups relevant to build-
ing and construction are (i) consumer chemicals, (ii) plastics, (iii) other
inorganics, and (iv) paints & ink (Fig. 4). Renovation of both public
and private buildings is a key initiative of the European Green Deal
driving energy efficiency. At present, ~75% of the building stock is
energy inefficient, and ~80% of today’s buildings will still be in use
in 2050 (European Commission Renovation Wave August, 2020). The
implementation of the European objectives will require the use of nu-
merous chemicals being various components of improved construc-
tion materials (European Commission Buildings, 2019; Klaassens, 2020;
D’Agostino et al., 2017; Artola, 2016; European Commission The Macro-
Level and Sectoral Impacts of Energy Efficiency Policies, 2017).

1. Insulation materials. The demand for chemicals utilized for such ma-
terials based on, i.e., lightweight foams and materials for thermal
insulation are thus evaluated based on parameters such as average
renovation rate and / or average rate of new buildings (energy effi-
cient / passive house). The results show that the demand for chem-
icals for the thermal insulation of houses will increase strongly in
the medium-term, e.g. in order to achieve the European climate tar-
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gets. However, this trend is expected to weaken in the long term,
since it can be assumed that houses in need of renovation will be
renovated for energy efficiency within the next decade and that
the total number of houses in need of renovation will decrease
thereafter.

Electrics and electronics. The chemical groups most important for
the respective industry are (i) consumer chemicals, (ii) plastics, and
(iii) dyes & pigments (Fig. 4). Concerning composites, for example,
the growing use creates a high demand for improving circularity-by-
design for resins. Applications for materials for electronics include,
among others, organic light emitting diodes (OLEDs), printed biosen-
sors, printed conductive ink (predominately for photovoltaics), stretch-
able and wearable electronics, flexible batteries and capacitive sensors.
The demand for chemicals by the electrical industry market segment is
not only influenced by the European Green Deal, but also by Horizon Eu-
rope, supporting the development of the production of a wide range of
new electronic devices based on chemicals with applications in health-
care, consumer electronics, energy, buildings, and mobility (SusChem
- The European Technology Platform for Sustainable Chemistry Strate-
gic Innovation and Research Agenda - Innovation Priorities for EU and
Global Changes, 2020; European Commission Implementation Strategy
for Horizon Europe, 2020; Franquesa et al., 2019).

1. Material durability. Longevity, reliability, and robustness of the elec-
tronic device product needs to be ensured when novel chemicals
and / or materials are introduced; accordingly, material durability
/ product lifetime is a decisive criterion for future demand. The re-
sults show that in the medium-term there is not yet an increase in
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demand for life extension chemicals, but in the long-term chemicals
supporting this goal are expected to increase in demand.

2. Recycling. The demand for chemicals (e.g., plastics) in the electri-
cal and electronics industry that are suitable for recycling will rise
in the medium-term. During recycling it is often very difficult to
separate within mechanical recycling processes between different
types of materials; this is especially true in the case of composite
materials. In the long term, however, it is assumed that the demand
for chemicals that enable subsequent recycling will increase even
further.

3. Circularity-by-design. A change in behavior of the end-user in terms
of reusability is assessed. In the electrics and electronics industry, a
significant increase in the demand for chemicals can be seen to allow
an increased reusability. This trend is expected to continue to grow
in the long term, following the principle of circularity-by-design of
products.

Household, leisure and sports. The relevant chemical groups are es-
sentially (i) plastics, (ii) other inorganics, and (iii) consumer chemicals.
For new business models a shift to renting goods and services and reduce
consumption patterns away from single or limited use products is essen-
tial. On this basis, below the lifetime of household, leisure and sports
goods, the material quality and the recyclability of plastics is analyzed
(European Commission Packaging and Packaging Waste - Environment -
European Commission, 2020; Rigall and Wolters, 2019; European Com-
mission, 2019).

1. Material durability. Longevity, reliability and robustness of the
household, leisure and sports products needs to be ensured when
novel chemicals or materials are introduced; accordingly, material
durability / product lifetime is a decisive criterion for the respec-
tive demand. This sector will see a significant decrease in demand
for chemicals within a circular economy due to longer product life
cycles in average both in the medium- and long-term.

2. Recycling. The demand for chemicals (i.e. plastics) for products in
the household, leisure & sports market segment that are suitable for
the concepts of recycling (e.g. mechanical, thermo-chemical, and
chemical recycling) will lead to an increase in demand for the rel-
evant chemical groups, especially in the medium-term. In the long-
term, however, the share of recycled materials will decrease, as the
share of biogenic materials is expected to increase due to GHG reduc-
tion goals and thus recyclable products based on fossil fuel energy /
fossil materials will decline in demand.

3. Circularity-by-design. For new business models, the shift to renting
goods and services and the reduction of consumption patterns away
from single-use or limited-use products is crucial. A change in behav-
ior of the end-user in terms of reusability as well as waste processing
for products in the household, leisure, and sports market segment
is assessed. In the medium-term, however, demand is expected to
rise, as consumer demand from end users for products defined by
circularity-by-design will only in the long-term result in products
that meet this characteristic and accordingly, reduce the demand
within this sector by enhancing the product lifetime.

Packaging. The chemical groups that are most relevant for the pack-
aging industry are (i) plastics, (ii) man-made fibres, (iii) consumer chem-
icals, and (iv) dyes & pigments.

Packaging materials gain a lot of attention in European regula-
tions. One example of the regulation of packaging is the food indus-
try. In France, 30 types of fruit and vegetables will gradually be of-
fered only without packaging from 2022 onwards. What initially only
applies to less sensitive varieties such as cucumbers, carrots or oranges,
will be extended to goods such as grapes or berries over the next five
years (PlasticsEurope Plastics — the Facts, 2019; European Commission
Packaging and Packaging Waste - Environment - European Commis-
sion, 2020; World Economic Forum Plastics, the Circular Economy, and
Global Trade, 2020; Environmental Protection Agency Plastics, 2016;
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Babader et al., 2016; Ewijk et al., 2018; Food and Agriculture Organi-
zation of the United Nations, 2013; European Commission A European
Strategy for Plastics in a Circular Economy, 2018; Lendal et al., 2019;
Detzel et al., 2013; Arbeitsgemeinschaft Verpackung + Umwelt, 2022;
Ncube et al., 2021).

1. Plastic reusability and recycling. The demand for chemicals (i.e.,
plastics) in packaging that are applicable to the concepts of reuse
and / or recycling is increasing in the medium- and long-term. It can
be observed that the trend has a stronger influence in the medium-
term than in the long-term, mainly reflecting the trend to replace
chemicals of recycled or reusable origin with chemicals of biogenic
origin.

2. Paper reusability and recycling. The demand for chemicals for pa-
per packaging will be lower in the circular economy. This is mainly
due to the reduced demand for packaging materials overall, driven
strongly by EU regulations.

3. Circularity-by-design. Especially in the medium-term, the trend to-
wards an increased demand for chemicals can be shown, explained
by the increased demand for high performance food packaging. The
end consumers are paying more attention to the packaging materi-
als and therefore the demand for chemicals that enable high perfor-
mance food packaging is also increasing.

Publishing and printing. The chemical group most relevant to the
publishing and printing industry is dyes & pigments.

The demand for chemicals in this segment is based on the
possibilities of reusability and recycling (World Economic Forum
Plastics, the Circular Economy, and Global Trade, 2020; Babader
et al., 2016; Food and Agriculture Organization of the United Na-
tions, 2013; European Commission A European Strategy for Plas-
tics in a Circular Economy, 2018; Lendal et al.,, 2019; Detzel
et al., 2013; Arbeitsgemeinschaft Verpackung + Umwelt, 2022; Ncube
et al.,, 2021). Thus, for example, the demand for packaging label-
ing chemicals is decreasing in the medium- and long-term due to
the expected and enforced decline in the demand for packaging
materials.

1. Paper reusability and recycling. The same trend that can be seen for
plastic-based packaging materials can also be seen for paper-based
materials. Both, in the medium- and long-term, a decline in demand
is expected.

2. Advanced food packaging. The need for chemicals for publish-
ing and printing changes with the replacement of plastics in
packaging with paper. There will be an increased demand for
chemicals that meet customers’ needs for high performance food
packaging.

Textile. The chemical groups relevant for the textile industry are (i)
plastics and (ii) consumer chemicals.

Performance and durability of critical and structural parts leads to
increased system efficiency (e.g., fire resistance and dimensional sta-
bility) (SusChem - The European Technology Platform for Sustainable
Chemistry Strategic Innovation and Research Agenda - Innovation Pri-
orities for EU and Global Changes, 2020; Rigall and Wolters, 2019;
Resyntex A New Circular Economy Concept - From Textile Waste to-
wards Secondary Raw Materials, 2020; Kupfer, 2019; Hemkhaus et al.,
2019; Manshoven et al., 2021).

1. Reusability and recycling. It seems, that end customers are not adapt-
ing their purchasing behavior to reuse or recyclability.

2. Smart textiles. Innovations in textiles such as textiles with func-
tional finishes, with long-lasting properties and resistance to wash-
ing conditions are developed and accordingly, the demand for chem-
icals will be affected (e.g., anti-microbial and anti-biofilm nano-
functionalized material used in specialty textiles for e.g. for pub-
lic areas and hospitals). In the textile industry, the demand for
chemicals will therefore increase in the medium- and long-term
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as chemicals are used to improve the resistance and durability of
textiles.

4. Discussion

Our developed methodology can provide companies with a starting
point for identifying which chemical groups will be affected by the im-
pact of the European Green Deal on consumer demand in the future. The
results show that the developed methodology for a circular economy
impact assessment is an effective tool to assess to what extent devel-
opments in circular economy have an impact on the European chemical
industry at an early stage. The evaluation based on the presented assess-
ment method is only the first step, allowing a first estimation of the areas
in particular in need of further technical development. We suggest that
future research should focus on bringing together the evaluation crite-
ria already presented. Bocken et al. (2021), (2022) provides a variety of
approaches for evaluating business models and Niessen et al. (2023) re-
garding sufficiency strategies on consumer practices. The methodology
we have developed complements previous work and should be further
developed and synthesized in the context of the results of the research
just mentioned. In particular, the aspect of monetary evaluation of our
developed methodology should be complemented by accompanying re-
search, as it is quantitatively well measurable, but leaves out, for exam-
ple, technical parameters. Kiimmerer et al. (2020) discussed the chal-
lenges the chemical industry faces in using non-fossil input materials
and recycled materials of lower quality. In particular, they point out
the increasing complexity of chemicals and initiate a rethink in order to
achieve recycling and sustainable manufacturing goals in the chemical
industry.

5. Conclusion

The aim of the methodology developed is to measure the impact
of the circular economy on the demand per market segment for the
chemical industry. In this context, the transition from a take-make-use-
dispose economy to improved resource management is to be measured
and/or assessed. The nine ‘R’s’ of the circular economy are used as a
basis and are evaluated and applied for each market segment and chem-
ical group in terms of their applicability. The current status is compared
with the medium- and long-term developments (i.e., 2030 and 2045,
respectively) within the EU-28.

Basically, the efforts of the circular economy aim to use resources
to their full extent aiming of conserving resources and thus to reduce
the demand for new / unused resources. The extent to which demand
reduction in the chemical industry is achieved by the trends of the circu-
lar economy for each chemical group or market segment can be clearly
analyzed with the methodology developed and presented. For example,
a reduction in demand is expected in the medium-term in the packaging
as well as within the publishing and printing sector. Both will be driven
by changing end-user expectations for modified packaging materials or
the reduction of plastics for packaging (relevant for plastics, dyes and
pigments). However, the methodology also shows increases in demand
due to circular economy trends. The drivers for an increase in demand
can be clearly identified. For example, demand for plastics and paints
and inks in the automotive industry will increase in the medium-term.
This is directly related to the growing demand for electro mobility, the
trend towards lightweight materials and the increasing use of plastics
(composite materials) in automotive construction. These components in
turn need to be colored, explaining the demand for paints and inks.

Thus, the methodology developed can be used to make transparent
what circular economy trends will trigger increases or decreases in de-
mand in the chemical industry in the medium- and long-term. This re-
veals dependencies that are not directly recognizable when introducing
regulations, for example, or when developing trends. Thus, market seg-
ments relevant for the chemical industry are clearly recognizable and
can be further developed accordingly.
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