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Executive Summary

The goal of task 6.4 was analyzing public perceptions and consumer requirements for CO,SMOS
biobased products using a social science approach for deriving consumer-based acceptance
segments. Researchers from RWTH Aachen University, Germany, empirically examined trade-offs in
acceptance decisions regarding CO;-based products by means of conjoint measurement. In close
cooperation with the technical CO,SMOS partners, two exemplary biobased products, i.e., clothing,
and cosmetics, were selected and evaluated considering acceptance-relevant attributes.

Before data was collected within the study, the ethical board of the Empirical Human Sciences at
the Faculty of Humanities at RWTH Aachen University was consulted for their approval. The board
conscientiously reviewed the ethical justifiability of the procedures involved in performing the
study. The commission carried out the evaluation in terms of scientific ethics, considering the
Declaration of Helsinki. Thus, the study was conducted in careful consideration of scientific rigor,
ethics, comprehensibility, and handling of data and results (Ethics Approval Number:
2022_17_FB7_RWTH AACHEN).

Our study was conducted across Europe in four different countries, i.e. Germany, Norway,
Poland and Spain, and overall N=828 people participated. By the help of an independent market
research institute, the sample was recruited objectively. The sample was heterogeneous in terms of
age, gender, level of education and country of origin, which makes the results obtained all the more
meaningful. In the online survey, potential end consumers of the CO,SMOS bio-based products
assessed clothing and cosmetics with regards to acceptance-relevant attributes by means of
conjoint exercises. This approach allows for identifying potential trade-off decisions regarding
product characteristics. Finally, potential consumer segments were formed on the basis of the
acceptance-related data using latent class analysis. Forming consumer segments allows for
recognising group-specific product requirements and can thus contribute to customer-oriented
product development and eventually a successful market introduction.

In the following, the empirical procedures and main results of the study are reported in detail.
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1.Introduction

The consequences of climate change are pushing people around the world to reduce carbon dioxide
(CO;) emissions from the atmosphere. In line with global and national climate protection plans,
Carbon Capture and Utilization (CCU) technologies are increasingly being deployed to capture CO;
emissions and use them as raw materials for the manufacture of useful products.

The EU-funded CO,SMOS project also focuses on developing CCU processes that turn CO; into a
valuable resource. Researchers and industry partners from several European countries are working
hand in hand to convert CO; from various sources into chemicals that can eventually be used to
make biobased products. These efforts are enabling both the reduction of unwanted emissions and
the sustainable production of consumer goods. However, it is essential to remember that the
existence of CCU-based products alone does not guarantee their willing and accepted use. Before
CCU-based products can be deliberately introduced to the market, it is first necessary to investigate
how potential consumers perceive these products and whether they accept the use of such products
at all. It is also possible that different consumer groups or segments will be more or less willing to
use such COz-enriched products.

Based on the results of previous empirical studies that have empirically explored (qualitatively) and
validated (quantitatively) the social perceptions and potential consumer requirements (see
Deliverable 6.8.), the next step is to analyse whether different consumer groups have different
intentions to use such CCU-based products and which user characteristics are associated with the
possible differences between the different adopter groups.

The aim of this deliverable is therefore to derive profiles of the (potential) consumers in the
adoption of biobased CO,SMOS products. Using the results of the Choice-Based Conjoint analysis
reported earlier in the project, a Latent Class Analysis (LCA) was carried out to perform the
consumer segmentation. The following key characteristics were applied:

e Two exemplary CO2SMOS products have been selected to analyse the consumer profiles, i.e.
bio-based clothing, and cosmetics.

e The study was conducted in four different European countries which were previously
defined by the CO,SMOS project consortium (Germany, Norway, Poland and Spain), to
reflect European diversity and to uncover country- and culture-specific influences.

e The services of a market research institute were used to achieve maximum sample
representativeness. Overall, N=828 respondents (n=198 from Germany, n=198 from
Norway, n=225 from Poland and n=207 from Spain) formed the empirical basis for the
segmentation.

In the following, we first outline the empirical approach used, detailing the methods, presenting the
study design, and describing the participating sample. Second, we report the revealed consumer
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segments, along with the relative importance attributes and utility of different attribute levels
considered relevant to the accepted use of biobased CO,SMOS products. Finally, we conclude the
findings and their implications for successful adoption.
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2.Empirical Approach

To be able to derive consumer profiles, relevant decisive factors regarding acceptance of two
exemplary CO,SMOS bio-based products were assessed by means of a large scale quantitative
online study among multiple European countries.

2.1.Method

The data for this study was collected in March 2023 by a market research institute to achieve a
balanced sample in terms of age, gender, and level of education in all participating countries. Four
countries, namely Germany, Norway, Poland, and Spain, were selected by the CO,SMOS consortium
to participate in the study. The decision for these countries was based on geographical, economical,
and attitudinal considerations. The study focused on analysing the factors influencing the decision
for or against the adoption of CO,-based products by means of the conjoint measurement (CM) to
determine whether specific consumer acceptance segments or adopter profiles can be derived. The
study was designed in German and then translated into the other target languages by a professional
translation agency.

2.1.1. Conjoint Measurement

CM is a quantitative method developed by Luce and Tukey (1964) first applied in marketing research
(Green and Rao, 1971). It aims to explain and predict the preferences of users or consumers, leading
to an evaluation of performance (Gustafsson et al., 2003). Conjoint analysis is a decompositional
method, i.e. the overall judgements collected are broken down (=decomposed) into the partial
preferences for the underlying characteristics (Baier and Brusch, 2009). Participants choose from
hypothetical usage configurations that were randomly generated from defined attributes and their
levels. Based on the overall preference judgments, the contributions of the attributes and levels to
the overall preference are investigated (Backhaus et al., 2015). Rao (2014) emphasizes the crucial
role of identifying and selecting relevant attributes in conjoint study design as this step significantly
affects generalizability and meaningfulness of the results.

In recent years, the CM has expanded into various research fields (e.g., healthcare and energy
research), gaining traction in the assessment of acceptance. In our research, we opted for a choice-
based conjoint (CBC) analysis. CBC simulates complex decision processes where multiple attributes
influence the final decision in diverse scenario configurations (Sawtooth Software, 2009). To assess
the acceptability of our exemplary CCU-based products, we calculated the relative importance of
the attributes as well as the part-worth utilities of the attribute levels. The relative importance of
the attributes provides information on which attribute influences the participants' acceptance
decisions the most, while the part-worth utilities indicate which attribute level is estimated to be
the most and least accepted and how much an attribute level contributes to the overall decision.

2.1.2. Study Design

Pre-study: The contents of the study were based on an exploratory pre-study, in which focus groups
had been conducted to identify acceptance relevant attributes and necessary conditions for the use
of CCU-based products. For a detailed report on how the pre-study was conducted and which results
were obtained, see Haverkamper et al. (2023).
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The conjoint study: It started out with a detailed introduction into the current environmental
challenges and how CCU emerged as one possible solution to control CO; emissions. Participants
were informed of their right to exit the survey at any given moment, the estimated time it would
take to complete the survey, prevailing data protection guidelines and that they had to be of legal
age to take part in the study. The study consisted of three logical units:

(1) The first part of the survey focused on demographical information. Here, questions regarding
age, gender, educational background, place of residency and living conditions were asked.

(2) The second part focused on acceptance-related attitudes and an assessment of general
acceptance of CCU-based products. Participants self-reported on their risk disposition (6 items,
Cronbach’s a=0.73; e.g. “I am prepared to take risks”), technological innovativeness (4 items,
Cronbach’s @=0.89, adapted from Neyer at al., 2012; e.g. “l find it interesting to try out new
products”) and environmental awareness (8 items, Cronbach’s @=0.83, adapted from Kannapin et
al.,, 2000; e.g. “I specifically buy products that have a low environmental impact during their
manufacturing and use”) and their general acceptance (7 items, Cronbach’s @=0.79, e.g. “I support
the use of CCU-based products”) on 6-point Likert scales ranging from 1 (=fully disagree) to 6 (=fully
agree).

(3) In the last part of the study, the CBC-exercises regarding the two exemplary CO,SMOS products
were performed. The attributes for the CBCs were diligently selected based both on literature
research on CCU acceptance to ensure previous scientific work was considered appropriately, and
as stated before, the focus group findings from the pre-study. Ultimately, four attributes, being
product quality, health compatibility, product information and environmental certification, were
selected.

All attributes consisted of two or more levels. Detailed information on the respective attribute levels
can be found in Table 1. To ease the participants’ cognitive load during the CBC exercises, all
attribute levels were represented by an icon in addition to their label. Furthermore, explanation
texts available by mouse-over for the respective attribute levels were incorporated. Each CBC-
exercise encompassed six choice tasks. A choice task offered the participant four alternative product
configurations comprising of a random selection of attribute levels to choose from. For clarity,
Figure 1 depicts an exemplary choice task.

Table 1 Overview of all attributes and associated levels included in the CBC (Wilkowska et al., 2024).

> In this case, the quality of the CO, product does not differ from
Comparable quality to conventional previously known products.
Z
= products
=]
o
g W
'§ @ Due to special product properties, the CCU represents a quality
a

advantage compared to conventional products, this can be, for
Better quality in comparison to

example, higher resistance, better degradability, or the like.
conventional products
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Minimum guarantee of health

The safety and health compatibility is verified in scientific laboratory

studies and confirmed by an accredited, widely recognized specialist

institution.
Z compatibility
3
5 @e .
g— < || Here, general health standards are adhered to, so that direct danger to
g vi=
< health can be ruled out.
T.‘} Calculated risk
b
@ The health compatibility of the product is assessed individually without
further information on the subject.
No information about health
. The information about the product is directly visible on the packaging.
Here, the end customer is informed about the manufacturing route,
Information directly available usability, quality characteristics and, if applicable, health compatibility.
s
= . Here, the information for the end customer is not printed on the
O
£ N
ug product, but the access to all information about the product is provided
- Lo
é Information linked by means of a link.
2
a

¢

Pure product naming

No further information or sources of information about the product are

named.

Environmental certification

M|

Scientific institution

Scientific institute or university systematically investigates the

effectiveness and sustainability of the product.

i

Statement of the manufacturer

Statements made by the manufacturer regarding the sustainability of

the product.

%,

Environmental associations

An association of people committed to environmental protection and
nature conservation evaluates the sustainability and environmental

impact of the product.
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Figure 1 Exemplary choice task within the CBC exercise: Participants select one of four presented product
configurations.

2.1.3. Statistical analyses

For personality-related attitudes and general acceptance, descriptive statistics were carried out
using means (M) and standard deviations (SD). Additionally, standard errors are reported in
associated graphs. All used scales were tested for internal consistency using Cronbach’s Alpha (a
>.70). The conjoint data was analysed using Hierarchical Bayes Analysis (HBA), i.e. relative
importances were calculated for attributes and part-worth utilities were computed for attribute
levels. Latent class analysis (LCA) was applied for consumer segmentation regarding the results of
the CBC exercise. Differences between said consumer segments were tested for significant
differences by means of analysis of variance (ANOVA). Associated effect sizes are evaluated using
eta squared (n?) according to Cohen, where .01=small, .06=moderate and .14= large effect. The level
of statistical significance (p) was set at 5%.

2.2. Sample Description

After data preparation, the sample consisted of N=828 participants, of which n=198 were from
Germany, n=198 from Norway, n=225 from Poland and n=207 lived in Spain. Table 2 gives an
overview on the following demographic characteristics of the sample. Participants’ age ranged from
18 to 87 years with a mean of 46.5 years (SD=17.1). Regarding gender the sample was balanced with
n=422 (51.0%) women and n=406 (49.0%) men. Almost half of the sample consisted of highly
educated individuals, as n=389 (47.0%) participants indicated to have completed tertiary education,
being either a university degree or PhD programme, about a third (n=290, 35.0%) reported to have
completed post-secondary education, i.e. specialized education or baccalaureate, and only n=149
(18.0%) stated to have graduated primary or secondary education, meaning either attaining a lower

12
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secondary school/ elementary school/ secondary school diploma. In terms of their place of
residency, the majority of participants indicated to live in a city centre (n=448, 54.1%), a quarter of
the sample reported to live in the suburbs (n=211, 25.5%) and n=169 (20.4%) lived in the
countryside. In addition to their place of residence, the participants also specified their living
conditions. With n=292 (35.3%) people, about a third of the sample lived with their partner, another
third (n=275, 33.2%) reported to live with their partner and/or children, almost a quarter of the
sample reported to live alone (n=191, 23.1%), n=51 (6.2%) participants indicated to live in a flat-
sharing community and n=39 (4.7%) people stated to live in a household with five or more persons.
With regards to acceptance-relevant attitudes, the sample proved to be moderately disposed to risk
(M=3.4, SD=0.8), slightly open to technical innovations (M=3.9, SD=1.1) and rather environmentally
aware (M=4.0, SD=0.9). Furthermore, the sample was moderately in acceptance of CCU-based
products (M=3.8, SD=0.7).

Table 2 Demographic characteristics of the sample.

Demographic characteristics Sample (N=828)
Age M=46.5
(SD=17.1)
Gender female 51.0%
male 49.0%
Education primary education 18.0%
secondary education 35.0%
tertiary education 47.0%
Residential area city centre 54.1%
in the suburbs 25.5%
in the countryside 20.4%
Living conditions with a partner 35.3%
with a partner and/or child(ren) 33.2%
alone 23.1%
flat-sharing community 6.2%
with five or more persons 4.7%

13
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3.Results

Based on the participants’ response behaviour in the respective conjoint exercises, an LCA was
carried out resulting in consumer segments for the two exemplary CO,SMOS bio-based products,
i.e. CCU-based clothing and cosmetics. Results are presented for the respective groups using relative
importances and zero-centred part-worth utilities according to HBA. Finally, key characteristics that
describe the groups, representing the consumer segments, are presented for CCU-based clothing
and cosmetics.

3.1. CCU-based Clothing

Based on LCA we obtained three consumer segments for the adoption of CCU-based clothing. In the
following, these consumer segments will be referred to as Groups 1, 2 and 3. As the consumer
segments are based on the assessments of product variations of CCU-based clothing, the CBC-
results will be presented first, demographic and personal characteristics of the groups will be
described consecutively.

3.1.1. Relative Importances of Acceptance-related Attributes for CCU-based Clothing in
Different Consumer Segments

Figure 2 summarizes the consumer segment-specific relative importances resulting from the
conjoint selection task for CCU-based clothing. Inferential statistical analysis shows that the groups
significantly differ regarding the evaluation of all the attributes:

e Environmental certification: F(2,825)=105.6, p<.001, n%=.20

e Product information: F(2,825)=29.4, p<.001, n*=.07
e Health compatibility: F(2,825)=160.6, p<.001, n%=.28
e Product quality: F(2,825)=5.3, p=.005, n*=.01

The consumer segments differ most in their perception of the importance of health compatibility.
While it is the most important acceptance driving attribute among all consumer segments, Group 1
(46.5%, SD=8.3) and Group 3 (47.9%, SD=9.6) attach significantly more importance to health
compatibility than Group 2 (32.6%, SD=14.4).

Another large effect can be found in the differing assessment of environmental certification. This
attribute is much more important to Group 2 (26.7%, SD=13.3) than to the other two groups.
However still, the environmental certification holds more value to Group 3 (18.1%, SD=7.4) than it
does to Group 1 (14.9%, SD=6.5).

Furthermore, there is a moderate effect regarding the difference in relative importance of product
information. This attribute scores highest among Group 2 (24.9%, SD=12.4), followed by Group 1
(20.6%, SD=7.2) and lowest among Group 3 (19.0%, SD=7.4).

Finally, a small effect can be observed between the perceptions of product quality, which indicates
that the groups all viewed this attribute as similarly important for their acceptance of CCU-based
clothing.

14
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Relative importances of acceptance-related attributes
for CCU-based clothing

14.91
Ervironmental certification 26.73
181
20.64
Product information 24.89
18.58
46.56
Health compability 32.64

HH 47.86
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15.06
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Figure 2 Relative importances (in %) and associated standard errors of acceptance-related attributes for CCU-based
clothing among the three derived consumer segments (N=828).

3.1.2. Part-worth Utilities of Attribute Levels for CCU-based Clothing

For a deeper understanding of how the attributes influence acceptance, zero-centred part-worth
utilities of all attribute levels were examined. Figure 3 gives an overview of the mean part-worth
utilities calculated for all three consumer segments regarding CCU-based clothing. Once more, we
checked differences between the groups for significance by means of ANOVA.

Starting with environmental certification, we observe a significant difference in assessments with
a moderate effect regarding the certification provided by a scientific institution (F(2,825)=26.5,
p<.001, n?=.06). While this is the only attribute level positively contributing to the decision for the
Group 1 (M=23.0,5D=21.4) and 3 (M=32.6, SD=25.0), it is a close second in line for Group 2 (M=10.9,
SD=48.9) whose decision is most positively influenced by certifications provided by environmental
associations (M=11.7, SD=58.8). Hence, the evaluation of certification provided by environmental
associations also differs significantly, this time with a small effect (F(2,825)=18.4, p<.001, n?=.04).
For Group 1 (M=-3.8, SD=25.3) and Group 3 (M=-8.7, SD=27.8) this level negatively impacted
acceptance decisions. Regarding a certification provided by the manufacturer, assessments do not
differ significantly (F(2,825)=1.8, n.s.).

Moving on to the product information provided, the groups significantly differ in their assessment
of pure product naming with a moderate effect (F(2,825)=38.9, p<.001, n?=.08). For Group 1 (M=-
44.4, SD=15.8) this level had the largest negative impact on acceptance decisions overall. However,
it also impacted acceptance decisions negatively, though to a lesser extent, for the Group 2 (M=-

15
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21.2, SD=44.3) and 3 (M=-36.3, SD=20.0). The groups also differed significantly though with a
negligible effect in their perception of information being linked (F(2,825)=9.1, p<.001, n%=.02). This
levels influence has similar positive influence on the Group 1 (M=18.0, SD=20.9) and Group 2
(M=17.1, SD=42.2) and a significantly higher positive influence on acceptance decisions of Group 3
(M=27.8, SD=23.0). Furthermore, the groups differ significantly with a moderate effect regarding
the assessment of having information directly available on the product label (F(2,825)=27.7, p<.001,
n?=.06). Group 1 (M=26.4, SD=21.1) clearly preferred this option, while it reached much lower values
for the Groups 2 (M=4.1, SD=48.2) and 3 (M=8.5, SD=23.0).

When it comes to health compatibility, we observe a significant difference with a large effect in
how a lack of information is perceived (F(2,825)=237.0, p<.001, n?=.37). For the Groups 1 (M=-112.6,
SD=17.8) and 3 (M=-102.8, SD=22.6) this attribute level has a much stronger negative influence on
the overall acceptance decisions than for Group 2 (M=-34.3, SD=69.5). Regarding the highest
positive influence on decisions, the groups are not aligned either. The assessments of the calculated
risk option also differ significantly with a large effect (F(2,825)=166.7, p<.001, n3=.28). This level
most positively influences acceptance decisions for the Groups 1 (M=67.1, SD=24.2) and 2 (M=21.1,
SD=45.8), while for Group 3 (M=14.3, SD=20.3) it is in second place. Consequently, the groups’
assessments of being offered a minimum guarantee of health compatibility also differ significantly
with a large effect (F(2,825)=290.1, p<.001, n?=.41). This level influences acceptance decisions the
most for the Group 3 (M=88.6, SD=21.0). Groups 1 (M=45.5, SD=23.6) and 2 (M=13.2, SD=52.2)
follow suit.

Finally, the groups differed significantly with a large effect regarding their evaluations of product
quality (F(2,825)=64.4, p<.001, n?=.14). While better quality had a positive influence and accordingly
comparable quality had a negative influence on acceptance decisions for all groups, its extent varied.
Better quality had its biggest impact on group 1 (M=35.1, SD=18.8), somewhat closely followed by
group 3 (M=29.7, SD=17.9), whereas it had a much smaller positive influence on group 2 (M=10.0,
SD=30.3). As product quality is a dichotomous attribute and the part-worth utilities are zero-
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centred, these values translate to the respective negative influence of the level of comparable
quality.

Part-worth utilities for attribute levels regarding CCU-based clothing

Environmental associations

Statement of the manufacturer

Environmental
certification

Scientific institution

Pure product naming

Information linked

Product information

Information directly available

G|
i

No information about health -
Calculated risk r

Health compability

Minimum guarantee of health compatibility

Better quality than conventional products

Comparable quality to conventional products !

-120 -100 -80 -60 -40 -20 O 20 40 60 80 100 120

reducing promoting
acceptance acceptance

Product quality

EmGroupl EGroup2 OGroup 3

Figure 3 Zero-centred part-worth utilities for acceptance-relevant attribute levels of CCU-based clothing among all three consumer
segments (N=828).
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3.1.3. Demographic and Personal Characteristics of the Consumer Segments of CCU-based
Clothing

To gain an understanding of the people and personalities behind the consumer segments for CCU-
based clothing, the three groups’ demographic and personal characteristics are described below.
Table 3 shows demographic characteristics of the groups and Figure 4 gives an overview of
acceptance-related attitudes and general acceptance among all groups in direct comparison. This
figure already suggests that the three groups are in fact very similar to one another. This becomes
even more apparent when looking at other individual-related variables which will be shown below.

Table 3 Demographic characteristics of the consumer acceptance segments of CCU-based clothing.

Demographic characteristics Group 1 Group 2 Group 3
(n=221) (n=345) (n=253)
Age M=49.6 M=43.4 M=48
(SD=17.2) (SD=16.5) (SD=17.3)
Gender female 53.4% 50.8% 49%
male 46.6% 49.2% 51%
Residential area city centre 55.2% 55.4% 51.4%
in the suburbs 23.1% 27.1% 25.3%
in the countryside 21.7% 17.5% 23.3%
Education primary education 20.8% 16.7% 17.4%
secondary education 34.4% 36.2% 34%
tertiary education 44.8% 47.2% 48.6%
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Evaluations of general acceptance of CCU-based products
and acceptance-related attitudes
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Figure 4 Mean evaluations of general acceptance and acceptance-related attitudes among the three consumer
segments for CCU-based clothing (N=828).

Group 1, the first consumer segment for CCU-based clothing, consisted of n=221 participants. The
mean age among this group was 49.6 years (SD=17.2). With n=118 (53.4%) female and n=103
(46.6%) male participants, this subsample consists of slightly more women than men. More than
half of the Group 1 (n=122, 55.2%) reported to live in a city centre, the rest is fairly evenly distributed
among living in the suburbs (n=51, 23.1%) and in the countryside (n=48, 21.7%). Regarding
education, n=99 (44.8%) participants indicated to have graduated from tertiary education, while
n=76 (34.4%) stated to have post-secondary and n=46 (20.8%) reported to have reached primary
and secondary education. This group self-reported to be moderately disposed to taking risks (M=3.4,
SD=0.8), rather open to technical innovations (M=3.9, SD=1.1) and environmentally aware (M=4.1,
SD=0.8). In general, participants in this group were rather accepting of CCU-based products (M=3.9,
SD=0.8).

Group 2, and thus the second consumer segment for CCU-based clothing, consisted of n=354
people. On average, participants were 43.4 years old (SD=16.5). Gender is distributed almost equally
among this segment with n=180 (50.8%) women and n=174 (49.2%) men. With n=196 (56.4%)
people, most of the participants in Group 2 reported to live in a city centre, almost a third (n=96,
27.1%) indicated residency in the suburbs and only n=62 (17.5%) people described their home to be
in the countryside. About half of the Group 2 (n=167, 47.2%), reported to have tertiary education,
followed by n=128 (36.2%) graduates from post-secondary education and n=59 (16.7%) participants
having graduated from primary and secondary education. Regarding personal attitudes, members
of Group 2 indicated to be moderately disposed to risk (M=3.5, SD=0.8), rather open to innovations
(M=3.8, SD=1.1) and similarly aware of environmental challenges (M=3.9, SD=1.0). This group
showed moderate general acceptance of CCU-based products (M=3.7, SD=0.7).
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Group 3, also consumer segment 3, of CCU-based clothing comprised n=253 participants. Regarding
age, a mean of 48.0 years (SD=17.3) was calculated for this sub-sample. Just like the other two
groups, Group 3 is rather balanced with regards to gender as it consists of n=124 (49%) women and
n=129 (51%) men. A little more than half of this group (n=130, 51.4%), reported living in a city centre,
and around a quarter of participants reported living either in the suburbs (n=64, 25.3%) or in the
countryside (n=59, 23.3%). With n=123 (48.6%) of participants, almost half of the sample had
graduated tertiary education, about a third (n=84, 34%) indicated to have achieved post-secondary
education degrees and finally, n=44 (14.7%) members of this group divulged to have either primary
or secondary education. Group 3 scored moderately regarding risk disposition (M=3.4, SD=0.8) and
slightly higher regarding technical innovativeness (M=3.9, SD=1.1) and environmental awareness
(M=4.0, SD=0.8). General acceptance of CCU-based products among this group, just like the other
two, was moderately high (M=3.8, SD=0.7).

3.2.CCU-based Cosmetics

It is important to highlight that while the consumer segments resulting from the LCA on the data
obtained by the CBC exercise for CCU-based cosmetics will also be referred to as groups 1 through
3, these groups are not identical to the three groups previously presented in the sections regarding
CCU-based clothing. However, the structure of this section will correspond to that of the previous
one, i.e., results from the CBC exercise will be presented first, then demographic and personal
characteristics of the consumer segments will be described.

3.2.1. Relative Importances of Acceptance-related Attributes for CCU-based Cosmetics

Figure 5 provides an overview of the relative importances of acceptance-relevant attributes among
the resulting acceptance segments for CCU-based cosmetics. The groups significantly differ in their
perception of all attributes:

e Environmental certification: F(2,825)=166.4, p<.001, n%=.29

e Product information: F(2,825)=34.3, p<.001, n?=.07
e Health compatibility: F(2,825)=311.6, p<.001, n%=.43
e Product quality: F(2,825)=5.8, p=.003, n%=.01

The largest effect regarding the differences in perception of the acceptance-related attributes can
be observed for health compatibility. Similar to the results for CCU-based clothing, health
compatibility gained the highest scores for relative importance among all groups, although to
differing degrees. Group 3 attached by far the most importance to this attribute (57.0%, SD=6.3),
followed by Group 2 (48.3%, SD=8.4) and finally Group 1 (32.6%, SD=14.1).

The groups furthermore differed regarding their assessment of environmental certification with yet
another large effect. While this attribute is a close second in importance to Group 1 (29.3%,
SD=13.7), Groups 2 (16.6%, SD=7.6) and 3 (15.1%, SD=4.5) view it as significantly less important.
Regarding the difference in perception of product information, a moderate effect emerges with
Group 1 assigning it the highest relative importance (23.7%, SD=12.9), followed by Group 2 (20.2%,
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SD=7.2) and Group 3 (15.9%, SD=4.7). Ultimately, just as it was observed for CCU-based clothing,
while the perceptions regarding product quality also differ significantly for CCU-based cosmetics
among all three groups, the associated effect is negligible.

Relative importances of acceptance-related attributes
for CCU-based cosmetics

2533
16.56
15.08
23.75
20.24
1592

Environmental certification

Product infor mation

32.63

Health compability 48.29
57.05
14.29
Product guality 14.91
11.54
0 10 20 30 40 50 &0

mGroupl mGroup? @Group3

Figure 5 Relative importances (in %) and associated standard errors of acceptance-related attributes for CCU-based
cosmetics among the three derived consumer segments (N=828).

3.2.2. Part-worth Utilities of Attribute Levels for CCU-based Cosmetics

With regard to environmental certification, the three groups do not differ significantly in their
assessment of certification provided by environmental associations (F(2,825)=0.2, n.s.). This level
has a slightly negative impact on all groups’ acceptance decisions. The evaluations of a certification
from the manufacturer (F(2,825)=11.2, p<.001, n2=.03) and from a scientific institution
(F(2,825)=5.9, p=.003, n?=.01) both differ with a negligible effect. For all groups, however, the same
pattern applies: a certificate issued by the manufacturer has a negative influence and a certificate
issued by a scientific institution has a positive influence on acceptance decisions. The largest range
for the influence of the respective levels can be found in Group 3 (statement of the manufacturer:
M=-25.5, SD=14.1; scientific institution: M=26.9, SD=15.5), closely followed by group 2 (statement
of the manufacturer: M=-21.1, SD=19.7; scientific institution: M=24.2, SD=24.7) and finally, group 1
(statement of the manufacturer: M=-11.8, SD=46.6; scientific institution: M=15.9, SD=53.2) with the
lowest range.

As for product information, assessments differ significantly regarding pure product naming with a

moderate effect (F(2,825)=57.8, p<.001, n?=.12). This option had the most negative influence on
group 2 (M=-43.1, SD=17.1), however it reached comparable results within group 3 (M=-34.5,
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SD=12.5). For group 1 (M=-18.6, SD=42.8), pure product naming had a significantly lower negative
impact on acceptance decisions. Regarding information being linked on the product label, the
groups assessments do not differ significantly (F(2,825)=.3.1, n.s.), they do, however, differ with a
moderate effect regarding their evaluations of information being directly available (F(2,825)=40.1,
p<.001, n?=.09). While this level only had a very small positive influence on acceptance decisions
among group 1 (M=1.9, SD=45.5) and a rather low positive influence on group 3 (M=9.7, SD=15.5),
it had the most positive influence on decisions made by group 2 (M=24.4, SD=22.0).

Regarding health compatibility, the differences between the three groups become most apparent.
The assessments of no information on health compatibility being available differ significantly with a
large effect between the groups (F(2,825)=424.1, p<.001, n?=.51). This level had almost the same
major negative impact on decisions made by group 2 (M=-115.7, SD=19.1) and group 3 (M=-115.7,
SD=13.3), while it had a much lower negative influence for group 1 (M=-18.0, SD=70.8).
Furthermore, the assessments of the level of calculated risk also differ significantly with a large
effect (F(2,825)=221.9, p<.001, n3=.35). While this level has only a small positive influence on
decisions made by group 1 (M=3.6, SD=50.1) and group 3 (M=3.2, SD=16.9), it represents the biggest
positive influence on acceptance decisions made by group 2 (M=59.6, SD=28.4). Regarding the last
level of health compatibility, being provided with a minimum guarantee of health, the group
assessments also differ significantly with a large effect (F(2,825)=303.1, p<.001, n2=.42). This level
had a moderate positive influence on group 1 (M=-14.3, SD=56.2), a similarly large positive influence
as calculated risk on group 2 (M=56.1, SD=26.3) and finally a by far the most positive influence on
group 3 (M=112.5, SD=16.7).

Lastly, assessments of the levels of product quality differed significantly with large effect
(F(2,825)=65.1, p<.001, n2=.14). As previously mentioned, this attribute is dichotomous, i.e. it only
encompasses two levels. Hence, only one value is reported, which consequently is to be interpreted
in negation for the respective other level. For all groups, better quality than conventional products
had a positive influence on acceptance decisions within the CBC exercise. The influence was
relatively small for group 1 (M=7.5, SD=35.2), values for group 2 (M=29.2, SD=16.2) and group 3
(M=23.7, SD=11.0) are similarly high, but group 2 shows the widest range overall.
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Part-worth utilities for attribute levels regarding CCU-based cosmetics
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Figure 6 Zero-centred part-worth utilities for acceptance-relevant attribute levels of CCU-based cosmetics among all three consumer
segments (N=828).
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3.2.3. Demographic and Personal Characteristics of the Consumer Segments for CCU-
based Cosmetics

Regarding CCU-based cosmetics, consumer segments will also be described regarding their
demographic and personal characteristic to provide insights into the underlying samples. Table 4
shows the demographic characteristics of the revealed consumer segments and Figure 7 provides a
summary regarding evaluations of general acceptance of CCU-based products and acceptance-
related attitudes split by the consumer segments of CCU-based clothing. Once more it becomes
apparent, that the consumer segments are very similar in these regards. Nonetheless, in the
following the groups will be presented taking additional demographic attributes into account.

Table 4 Demographic characteristics of the consumer acceptance segments for CCU-based cosmetics.

Demographic characteristics Group 1 Group 2 Group 3
(n=344) (n=343) (n=141)

Age M=42.7 M=50.7 M=45.5
(SD=17) (SD=16.5) (SD=17)

Gender female 47.7% 52.5% 55.3%
male 52.3% 47.5% 44.7%

Residential area city centre 58.1% 52.8% 47.5%
in the suburbs 26.5% 24.2% 26.2%

in the countryside 15.4% 23% 26.2%

Education primary education 16% 20.1% 17.7%
secondary education 34.3% 34.7% 37.6%

tertiary education 49.7% 45.2% 44.7%

Evaluations of general acceptance of CCU-based products
and acceptance-related attitudes
6.0

high

5.0

4.08

| cna

general environmental technical risk disposition
acceptance awareness innovativeness

Hgroupl MEgroup2 HEgroup3

Figure 7 Mean evaluations of general acceptance and acceptance-related attitudes among the three consumer
segments for CCU-based cosmetics (N=828).
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Group 1, the first consumer segment of CCU-based cosmetics comprises 344 people, whose mean
age is 42.7 years (SD=17.0). Gender is almost equally represented among group 1 with n=164
(47.7%) women and n=180 (52.3%) men. The majority of participants in this group stated to live in
city centres (n=200, 58.1%), just over a quarter indicated residency in the suburbs (n=91, 26.5%) and
the remaining n=53 (15.4%) people reported to live in the countryside. With n=171 (49.7%) people,
almost half of Group 1 had completed tertiary education, while about a third (n=118, 34.3%)
reported to have graduated from post-secondary education and n=55 (16%) stated to have achieved
primary or secondary education. Regarding acceptance-relevant attitudes, this group averages
around the scale’s midpoint for risk disposition (M=3.5, SD=0.8) and slightly higher values for both
technical innovativeness (M=3.9, SD=1.2) and environmental awareness (M=3.8, SD=1.0). As for
general acceptance of CCU-based products overall, this group also shows a slight positive trend
(M=3.7, SD=0.7).

Group 2 consists of n=343 individuals, whose age averages to 50.6 years (SD=16.4). It is made up
from n=180 (52.5%) women and n=163 (47.5%) men. Just about half of this consumer segment
resides in city centres (n=181, 52.8%), the rest is almost evenly split among living in the suburbs
(n=83, 24.2%) and in the countryside (n=79, 23%). Regarding education, Group 2 includes n=155
(45.2%) graduates of tertiary education, n=119 (34.7%) people with post-secondary degrees and
n=69, 20.1%) participants that went through primary or secondary education programs. Group 2 is
scarcely risk averse (M=3.3, SD=0.8), slightly open to innovativeness (M=3.8, SD=1.1) and rather
aware of environmental challenges (M=4.1, SD=0.8). Furthermore, this subsample is generally
rather accepting of CCU-based products (M=3.8, SD=0.8).

Group 3, the third consumer segment of CCU-based cosmetics, entails n=141 participants aged 45.4
years (SD=17.0) on average. The proportion of women (n=78, 55.3%) in this group is slightly higher
than the men’s (n=63, 44.7%). Just shy of half the consumer segment reported to reside in city
centres (n=67, 47.5%), the rest is evenly distributed among living in the suburbs and living in the
countryside with n=37 (26.2%) participants each. When it comes to education, most of the group
possesses diplomas of tertiary education (n=63, 44.7%), another large share claims to have
graduated post-secondary education (n=53, 37.6%) and n=25 (17.7%) participants went through
either primary or secondary education. This group scores just below the scale’s midpoint for risk
disposition (M=3.4, SD=0.8), meaning they are neither clearly risk averse, nor prone. It scores slightly
above the midpoint for technical innovativeness (M=3.9, SD=1.0) and environmental awareness
(M=3.9, SD=0.8). As to general acceptance of CCU-based products overall, group 3 is moderately
accepting of them (M=3.8, SD=0.7).
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4. Conclusion

The development of carbon neutral products using the CCU process requires, in addition to technical
and economic aspects, a comprehensive understanding of consumer perceptions, needs and desires
to optimally adapt the climate-friendly products to the zeitgeist and the current consumer market.
RWTH Aachen University, Germany, is responsible to provide this social perspective on the
potentially carbon dioxide-free production that the CO,SMOS project aims to achieve. In the first
step, the social science approach analysed social acceptance in terms of perceived benefits and
barriers of using CCU-based products, taking into account crucial attributes such as health, quality
and environmental impact (D6.8.). In this Deliverable, the research focuses on deriving consumer-
based acceptance profiles, using clothing and cosmetics as exemplary CCU-based products.

Using attributes such as product quality, health compatibility, product information and
environmental certification, we identified consumer groups for the acceptance of both CCU
products separately. Participants rated the relative importance of the attributes, and the analyses
were conducted independently for both product classes. As shown above, for both clothing and
cosmetics, the resulting latent groups — three groups in each case — differed mainly in their
assessment of health compatibility, followed by differences in environmental certification and
product information. In contrast, product quality played a rather minor role in the consumer
segmentation.

To further explore the profiles, we also analysed the demographic and personal characteristics of
the consumer segments. Although some groups differed slightly in terms of age and gender, our
analyses did not identify any socio-demographic characteristics that were relevant enough to be
associated with differences in acceptance or its defining attributes. What we can conclude from
these results is that there are indeed sub-groups when it comes to CCU-based product acceptance,
but so far, we have not identified any specific indicators that would indicate which specific
consumers will, or will not, belong to these acceptance groups for CCU-based clothing or cosmetics.
There are several possible reasons for this finding:

(1) It is possible that additional psychological, social or contextual factors that were simply

not measured in the study are actually responsible for determining the resulting segments.

(2) Participants may not have been sufficiently familiar with the technology and the resulting

products to make a realistic assessment of the CCU-based products in question.

(3) It may simply be that, for the sample products analysed here, such differences are not

salient enough to serve clearly as underlying characteristics for the different groups.
The results suggest that future work should expand studies of consumer segments in the future,
once knowledge of CCU is established within the general public, and ideally these studies would
either include more personal and attitudinal data or otherwise cover different usage contexts.

Data has been compiled in two publications so far:

Haverkamper et al., (2023)
Wilkowska et al., (2024) [accepted for publication]
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Further publications regarding the insights gained from consumer group formation and how socio-
demographic and attitudinal factors influence consumers’ willingness to use different carbon
capture and utilization products in Germany are already in preparation.
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