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Executive Summary

The aim of task 6.4 was to analyze public perceptions and consumer requirements for CO,SMOS biobased
products from the social science point of view. Based on acceptance evaluations of different biobased
product categories, general requirements on biobased products can be incorporated into the development
and successful adoption of marketable products. In an empirical approach, researchers from RWTH Aachen
University examined the societal adoption of CO>-based products, involving qualitative and quantitative
measurement methods like focus group interviews and online surveys. In close cooperation with the
technical CO,SMOS partners, four exemplary biobased products, i.e., clothing, cosmetics, packaging, and
coating, were selected considering predefined evaluation criteria, and their assessments were empirically
investigated in an iterative, multi-step measurement procedure.

To explore societal ideas, knowledge, and perceptions referring to these products, novel mixed-methods
approaches that combine qualitative and quantitative research methods are particularly useful. This way, an
in-depth understanding of the users’ opinions, argumentation lines, and thoughts (qualitative methods) as
well as the quantification of these statements (quantitative methods) which allows for inferences
on peopl€e’s opinions on a larger scale, have been applied.

For all empirical studies, we consulted the ethical board of the Empirical Human Sciences at the Faculty
of Humanities at RWTH Aachen University. Upon application, the board comments on the ethical justifiability
of the goals and procedures of a research project to be carried out. Empirical but non-clinical projects are
evaluated by the commission in terms of scientific ethics, considering the Declaration of Helsinki. All social
science studies to be carried out in CO,SMOS are realized with respect to the scientific rigor, ethical
procedure, understandability, and handling of data and results (Ethics Approval Number:
2022_17_FB7_RWTH AACHEN).

In our empirical acceptance studies, potential consumers (i.e., B2B and end users) shared their opinions on
perceptions of the proposed product candidates and evaluated their willingness to use these products. In the
first step, an explorative qualitative research approach was pursued in which N=13 individuals participated
in two focus group interviews. Experts and laypeople discussed their perceptions, mental models, perceived
benefits, risks, and requirements regarding the named biobased products. In the second step, the results of
the explorative study were validated in a quantitative online survey with N=828 participants from four
exemplary European countries (i.e., Germany, Norway, Poland, and Spain), which were chosen in a previous
vote of the project consortium.

In the following, we report in more detail both steps of the empirical procedure and the main results of the
two studies.
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1. Introduction

The CO,SMOS project aims to develop a toolbox of technologies to transform CO; into a valuable resource.
In this process, CO, from various sources is captured and processed into chemicals that can eventually be
used to manufacture biobased products. This allows for unwanted emissions to be reduced, and consumer
goods to be produced more sustainably. However, before such products can successfully be launched on the
market, it is first necessary to investigate how the public perceives them and whether they accept the use of
such products. This approach allows the development of products to be adapted to the potential customers’
needs. Task 6.4 addresses the beforementioned conditions in detail.

The objective of this deliverable is the empirical assessment of perceptions and public/consumer
requirements for CO.SMOS biobased products. In a multi-method measurement procedure, biobased
products were selected based on predefined evaluation criteria (product type, TRL, expected market share)
and have been statistically analysed in empirical acceptance studies, in which potential consumers (B2B and
end users) judged their willingness to use these products. Based on perceptions and acceptance evaluations
of different biobased product categories, public requirements on biobased products can be incorporated into
the development of marketable biobased products.

First, in the explorative qualitative research stage, two focus groups have been conducted, where experts
(n=5) and laypeople (n=8) were interviewed regarding individual perceptions, mental models, perceived
benefits, risks, and requirements regarding the biobased products. Second, in the quantitative research
stage, an online survey (N=828) was carried out using the service of an online panel to obtain maximal sample
representativity. The study was run in four different European countries (previously defined by the CO.SMOS
project consortium), to understand different country-specific acceptance profiles, socio-economic
differences and cultural impacts that need to be addressed by appropriate communication strategies for the
public, business, marketers, and industry.
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2.Explorative Research Approach

As a first step, to gain insights into individual perceptions of the CCU process and evaluations of the selected
CO,SMOS biobased products, a qualitative explorative research approach was selected. The following section
depicts the specific methods used and main findings of the study in a comprehensible overview.

2.1.Method

For implementing the objective of the explorative qualitative study, a focus group design was chosen. This
allowed discussions between individuals with different attitudes and perspectives on the issue to be captured
and potential trade-offs to be explored. One focus group dealt exclusively with the perceptions of laypersons
who could be potential consumers, while a second focus group elicited the assessments of experts from
various related fields, i.e., individuals concerned with policy making, LCA, acceptance and market research
relating to CCU.

In the focus groups, participants were questioned regarding their prior knowledge of CCU. If they did not
know anything about this, they were asked to explain what they expected this term to mean. In the expert
groups, participants briefly explained in which way they were professionally concerned with CCU. The
instructors then presented a definition of CCU and briefly explained the process so that all participants had
a basic understanding of the procedures involved. Furthermore, three different conversion methods, the
biological, electrochemical, and green-chemical approach, were introduced. Participants were then asked to
select their preferred conversion method and give reasoning on their choice. Subsequently, the CO,SMOS
biobased products were presented. Interviewees were then invited to evaluate them with regards to their
personal requirements and concerns. Additionally, they were challenged to estimate the environmental
impact of CCU and thus consequently of buying CCU products.

To allow a holistic record of the participants thoughts and opinions, they were asked to maintain a workbook
throughout the entire session. Furthermore, the focus groups were recorded, transcribed and afterwards all
identifying factors were removed from the dataset to ensure privacy for the participants. On the derived
transcripts, a qualitative content analysis (Mayring, 2014) was performed. Accordingly, a system of categories
was deduced and iteratively adapted in the process of analyzing the material.

2.2.Main Findings

The study generated a significant amount of comprehensive data. For reasons of clarity, only the most
important findings that are directly related to the research subject will be presented according to the derived
system of categories depicted in Table 2.1.

Table 2.1. System of categories derived from focus group transcripts

Level | Level Il Level llI Anchor Example

“So a health risk, which is just unexplored, just
because it would last for a long time or because
the scientists overlook something.” (Layperson,
22, male)

Barriers Health impairments
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Level |

Level Il Level lll

Anchor Example

Low quality

“But then of course there are concerns that are
nevertheless associated with it, such as
questions about product quality, is that also
comparable to conventional products?”
(Layperson, 22, male)

High pricing

“The only disadvantage we see is that products
will likely get more expensive.” (Layperson, 22,
male)

Re-emission of CO; in
disposal

Environmental
impacts

“When | no longer need the product and it is
disposed of, so to speak, then the CO: is created
again.” (Expert, 34, female)

Artificially adhering to
CO2 sources

“In principle, the question of CO: sources is of
course super interesting, because the classic CO:
sources should no longer be there in the long
term in the ideal case.” (Expert, 30, female)

Diminishing support for
better solutions

“We fear that once this happens and it works
well, people will no longer pay so much
attention to whether plastic is used or not. That
means we [use] less paper or less glass
packaging, because plastic is so easy to make
now, which would then be something worse
again.” (Layperson, 25, female)

User
requirements

Meeting quality
standards

“The conditions that would have to be met in
order for us to use it, we had said that we
wanted to see the common quality standards of
such a product fulfilled.” (Layperson, 22, male)

Health compatibility

“[It’s] quite essential that it is not harmful to
health.” (Expert, 34, female)

Certification of

“I think that, for example, such an independent
certification or audit of, for example, the

impact ecological assessment could be interesting.”
(Expert, 30, female)
M
€0:5MOS . . “Whether it is healthy or unhealthy. We do not
product Health considerations "
. know yet.” (Layperson, 25, female)
evaluation
“The problem is, of course, that one would have
Quality concerns to keep an eye on the physical conditions of the
product.” (Layperson, 48, male)
Designation as result “As advantages we also have,/...] that CO: is
of recycling recycled, reused.” (Layperson, 25, female)
. “We just assumed that, as with all organic
Expected increased . . . L
rice products, it would just be a bit more expensive.
P (Layperson, 22, male)
Selection of . . “Personally, | would prefer it if less energy were
CO2- Consideration of . .
. Energy consumption used. Rather, energy would be gained through
conversion overall expenses "
method one of the processes.” (Layperson, 48, male)
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Level I Level Il Level llI Anchor Example

“Which way do we take? What is the most

affordable for us?“ (Layperson, 67, male)

“For me, perhaps the most important thing

would be how susceptible to failure this

Damages production is, [...] [if] it causes damage, then |
would perhaps also reflect on that.” (Layperson,
64, female)

Monetary cost

Practical
implementation not
important for
consumers

“But as long as the same thing comes out of it, |
don't really care about the process.“ (Layperson,
64, female)

“Honestly, | don't need to know that about any
product.” (Layperson, 22, male)

“That regulatory framework conditions are also
Legal action created in order to create a bit of pressure.”
(Expert, 30, female)

“What could perhaps be done to promote this
politically would be to introduce recycling
quotas.” (Expert, 29, female)

Providing monetary “I believe that you also have to create
incentives entrepreneurial incentives.” (Expert, 30 female)

No labelling required

Promotional
measures

Introducing CO2-
recycling quota

2.2.1. Perception of barriers

During data analysis, several perceived barriers were identified. According to participants, the impact that
long-term usage of the CCU products could have on one’s personal health was incalculable due to a lack of
experience with comparable products. In this context, calls for scientific proof of health compatibility were
voiced. Furthermore, concerns relating to the quality and pricing of CCU products in comparison to
conventional products arose. Participants worried that the quality may be too low and prices too high,
making it improbable to purchase CCU products with regards to conscious economical purchasing behavior.
Finally, interviewees were doubting the environmental benefits of CCU. One concern they faced was the
guestion of where the necessary CO, would be derived from. They wondered if that could lead to artificially
adhering to CO, sources which would be inconsistent with current environmental practice. Additionally,
participants questioned the final disposal of CCU products after use. Potential re-emission of CO, was
discussed, which would make CCU only a temporary fix in the eyes of the respondents. Finally, participants
emphasized that there were already more sustainable technologies available especially with regards to
packaging. They were worried that supporting CCU would lessen endorsement for solutions they expected
to have a bigger environmental impact.

2.2.2. User Requirements

The main derived user requirements pertained to quality. Participants requested the CCU products to be of
at least the same quality as conventional products and questioned CCU materials resistance and suitability.
Thus, to meet the quality requirements, participants solicited an independent but trustworthy evaluation of
the products by a non-partisan institution. As already raised in the barriers section, health compatibility was
another main item of discussions. This concern was not only discussed in context of CCU but also with
materials used in production of conventional products. It was mentioned that laypeople may recognize CO;

10



SMOS

Solutions for a circular biobased industry

as harmful which could taint the perception of materials created with CCU. Interviewees mentioned the
possibility that CO, could evaporate out of the materials and thus endanger users of CCU products.
Furthermore, estimating the environmental impact of CCU posed a problem for participants. An independent
certification of environmental impact from some entity of authority was discussed frequently. Additionally,
a demand for informational material explaining the effects CCU can have, especially in combination with
other environmental technologies, was expressed. This material should explain advantages and
disadvantages in detail to allow lay people to form a nuanced opinion on the matter. Also, much attention
was paid towards the modalities of how this information should be communicated towards consumers. Focus
should be on meeting target groups’ individual communicational needs to expand acceptance.

2.2.3. Evaluation of CO,SMOS Products

The CO,SMOS products evaluated in the focus groups were clothing, cosmetic packaging and food packaging.
As already became apparent in the barrier and requirement sections, health was a universal point of
discussion. This became important in the context of product evaluation as well. Participants were worried
that CCU packaging could potentially leak chemicals into the food and CCU clothing could cause skin irritation
in direct contact with the human body. Additionally, quality was again brought up when products were
evaluated. Under the condition that conventional quality standards were complied with, CCU products were
rated superior to traditionally produced items because CCU was considered recycling. Finally, pricing was
only discussed in connection with cosmetic packaging. Participants interpreted that using CCU packaging
would increase the cost of production and raise prices, because this was their experience with organic
products already on the market.

2.2.4. Selection of CO,-Conversion Method

A biological, electrochemical and a green chemical approach to CO; conversion were presented to
participants in the focus groups. Participants explained that they would choose the most suited conversion
method based on a comparison of overall costs between the new and the conventional process. This
assessment should consider energy expenditure, monetary expenses and environmental costs. The actual
process of CO, conversion, however, was not of noteworthy importance to the interviewees if they were
assured that the process was selected consciously. Finally, the possibility of introducing mandatory labelling
for the conversion method was discussed but rejected because expected drawbacks outweighed potential
benefits.

2.2.5. Promotional Measures

Respondents overall approved of the CCU process because they considered it recycling. However, this
technology is not very well known yet amongst the public. Thus, possible promotional measures to accelerate
adoption were additionally discussed in the focus groups. Legal measures were considered as one option to
promote CCU usage. Participants discussed the possibility of introducing a CO,-recycling quota to ensure
manufacturers would be legally compelled to compensate for the CO, they produce. Furthermore, monetary
incentives for early adopting companies were proposed. How exactly these strategies could be implemented
was not described in more detail by the interviewees. Nevertheless, these ideas offer a first step towards
encouraging the use of CCU.
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3.Quantitative Research Approach

In a second step of the empirical approach, an online study was pursued to validate the explorative results
and to gather further intelligence on the perceptions and requirements of social acceptance of the CCU and
the selected CO,SMOS biobased products.

3.1.Method

The online study was conducted in March 2023. With the assistance of a market research institute, we
reached census-representative samples in terms of age and gender from four different countries that were
previously determined by the consortium of the CO,SMOS project, i.e., Germany, Norway, Poland, and Spain.
The selection of these countries was based on the geographical distribution of the European countries
(Central, North, South, East, West) as well as on innovativeness in green technologies and the significance on
market. The aim was to analyze potential differences in the awareness of CCU, considering different
European mentalities, mental models, and cultural perspectives on the adoption of CO,-based products
among potential consumers and industrial end-users. In its original form, the questionnaire was constructed
in German and was then translated by certified translators into the respective languages of the participating
countries.

3.1.1. Study design

The online study was constructed based on the main findings of the previous focus group interviews that
identified the main drivers, i.e., motivators, barriers, and conditions necessary for the adoption of different
biobased CCU products like clothes, cosmetics, packaging, or coating. In the beginning, participants were
provided with a proper background for this study. We described the global situation, in which due to climate
change and the effects of global warming new strategies are needed to mitigate the resulting consequences.
We outlined that with the help of modern technical solutions, it is now possible to capture CO, at the point
of origin and to process it into carbon-containing products through proper treatment. In the conclusion of
the introduction part, participants were also informed about the average length of the survey and our high
standard of data protection, which means that none of their answers can be referred to them personally. To
start the survey, they had to consent to the terms of data protection and indicate that they are of legal age.

The survey consisted of three main parts. In the first part, respondents provided information about their
demographic data such as age, gender, educational level, and—on a voluntary basis—monthly net household
income. They were also asked to indicate their place of residence and the circumstances under which they
lived. In the second part of the questionnaire, the term of "Carbon Capture and Utilization" (CCU) was first
briefly introduced as the way to reduce CO, emissions, which captures emissions directly at their point of
origin and uses the CO; as a raw material to manufacture other products. After that, participants rated their
previous general knowledge about the CCU technology: In concrete terms, they assessed their knowledge
about how CO; is being captured, transported, stored, and used on 10-points Likert scales. After that,
participants were asked about their general attitudes toward CCU technology and how they specifically feel
about the use of CO,-based products, agreeing or disagreeing to statements like “I support the use of CO,-
based products” or “l am quite unsure about the quality of the CO, products” on a 6-point Likert scale.

After assessing the general attitude toward the CCU technology, the acceptance part of the study started.
Participants evaluated concrete motivators and barriers of using CCU-based products as these resulted from
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the previous qualitative study. Here, respondents assessed concrete perceptions regarding the advantages
(e.g., reuse of climate-damaging CO2, sustainability, relief for the environment) and disadvantages of using
such CO,-based products (e.g., negligible impact on the environment, high energy effort, postponing the
release of emissions etc.) on a 6-point Likert scale. Finally, to get further insights into the acceptance of the
biobased CO,SMOS products, i.e., clothing, cosmetics, packaging, and coating, participants rated these
products using the method of semantic differential (Osgood et a., 1957). This method enables measuring the
connotative meaning of concepts and providing spontaneous ratings between two poles of a dimension, i.e.,
between two opposing adjectives describing the respective product. The survey ended with a question
regarding acceptable prices for the biobased CCU products.

3.1.2. Statistical analyses

Regarding statistical analyses, we ensured a satisfying quality of the acceptance constructs used in the study,
i.e., general acceptance, perceived motivators, and perceived barriers of CCU, by checking the internal
consistency of the scales according to Cronbach’s Alpha (a >.70). We performed descriptive statistics for the
evaluations of acceptance statements using means (M) and standard deviations (SD). Differences between
the countries were analyzed by analysis of variance (ANOVA). Effect sizes are reported by eta squared (n?)
according to Cohen [1988]. We set the level of statistical significance (p) at 5%. In case when assumptions of
the procedures were not fully met (e.g., violation of variance homogeneity), the significance level was
adjusted accordingly to 2.5%.

3.2.Sample Description

In the quantitative study, data were collected using a market research institute to reach representative
samples of the four participating countries. We used quotas on age (young: 18-35 years vs. middle-aged: 36-
60 years vs. older: 61+ years) and gender (females vs. males). After the quality inspection and data cleaning,
the study included a total of N=828 participants for statistical analyses. The subsamples in the respective
countries were comparable in size: Germany n = 198, Norway n = 198, Spain n= 207, and Poland n = 225.
Below, we firstly report about the whole sample and then we describe in more detail the subsamples of the
respective countries or their specific characteristics.

In our study, the age of participants ranged from 18 to 87 years and the average age was 46.5 years (SD =
17.1). The sample was gender-balanced with 49% male (n = 406) and 51% female participants (n = 422). The
demographic data regarding age and gender resulting for the respective countries are presented in Table 3.1.

Table 3.1. Results of age and gender for the whole sample and the respective countries

All Germany Norway Spain Poland
(N=828) (n=198) (n=198) (n=207) (n=225)
Age M =46.5 M=47.1 M =47.9 M=47.1 M=44.1
J SD=17.1 SD=16.7 SD=18.5 SD=16.4 SD=16.8
M=27.3 M=279 M =26.2 M =279 M=27.2
18-35 years
SD=5.0 SD=6.3 SD=49 SD=4.1 SD=4.9
Age-groups ] M =46.5 M =46.2 M =48.3 M =475 M =442
36-60 years SD=7.4 sD=17.1 SD=7.7 SD=7.4 SD=6.9
61+ years M =66.8 M =66.5 M =69.0 M =65.7 M =65.9
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All Germany Norway Spain Poland
(N=828) (n=198) (n=198) (n=207) (n=225)
\ \ SD=4.9 SD=4.0 SD=5.9 SD=4.9 SD=4.1
female 51% 50% 49.5% 50.2% 53.8%
Gender
| | male 49% 50% 50.5% 49.8% 46.2%

At 47% (n = 389), almost half of the respondents reported to have completed tertiary education (i.e.,
university degree, doctoral study) and the second largest part of the ample reported to have completed the
post-secondary, non-tertiary education, i.e., specialized education or specialized baccalaureate (35%; n =
290). The smallest proportion of the respondents (19%; n=149) indicated to hold primary and secondary
education, i.e., lower secondary school/elementary school/secondary school diploma. Figure 3.1 summarizes
the educational qualifications for the study groups.

In the respective countries, the tertiary education pathway is clearly the most prevalent among the
respondents. While the Germans were quite evenly distributed across the three levels of education, the
Norwegians and the Spaniards mostly reported school-leaving qualifications at the secondary and tertiary
levels of education. Half of the Polish subsample indicated holding university degree, and the remaining
persons distributed between the two other education groups.

Level of Education

100
80
60 60.4
50.7
° 46.5 —
38.2
40 333 35 35.4
27.6 [
% 21.8
18 /
20 /
% 9.1 %
14
Primary and secondary Post-secondary, non-tertiary Tertiary education
education education

Oall (N=828) mGermany ONorway mSpain OPoland
Figure 3.1. Level of education in the whole sample and in the participating countries

When asked about their place of residence, most respondents indicated living in the city (54.1%; n=448) and
another part of them lived in a suburb or on the outskirts of the city (25.5%; n=211); the remaining 20.4% of
the survey participants (n=169) stated to live in rural areas (see Figure 3.2). The distributions in the respective
countries are comparable, although among Spaniards and Poles most participants lived in cities, while

proportions of the German and Norwegian samples were distributed across all three categories of place of
residence.
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Place of Residence

100
80
66.2 898
60 541
2 B 424
R 558 % 35.4
204 Y ot 25 5 4.2 /
3 I8 TR
0
Countryside Suburbs or outskirts ofa city (Inner) City

G all (N=828) B Germany ONorway ESpain OPoland
Figure 3.2. Place of residence in the whole sample and in the participating countries

In addition, participants were asked to indicate their place of residence. One-third each of the whole sample
reported living with a partner (35.3%; n = 292) and living with a partner and/or child(ren) (33%; n = 275).
Moreover, 23.1% (n = 191) reported living alone or in a flat-sharing community (6.2%; n = 51), and 4.7% of
our participants stated living in a household with five or more persons (n = 39). The patterns in the
participating countries are very comparable: The fewest respondents live in shared apartments or in
households with 5 or more people, while most live with partners and/or with their children. Figure 3.3 depicts
the distributions in detail in all participating countries.
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Figure 3.3. Living conditions in the whole sample and in the participating countries

To get an idea of the societal knowledge status about necessary structures and processes for the capture,
storage, transportation, and use of carbon dioxide, the study participants self-assessed their know-how on a
10-point Likert-scale ranging from 1 (”I don't know anything about it”) to 10 (“I am very well informed about
it”). As depicted in Figure 3.4, the average self-ratings tendentially yielded a rather low knowledge in the
whole sample. The processes of transport and storage of CO; reached slightly higher values than the capture
and use of the gas. The results of the self-assessments in the participating countries turned out to be very
comparable even though in all categories Norwegians achieved the highest mean scores.
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Figure 3.4. Self-assessments of knowledge about processes and structures regarding CO2 use in the whole
sample and in the participating countries

3.3.Main Results

In the following, we present main results on acceptance of biobased CCU products that were examined in
the quantitative online study. First, we outline the general attitudes as well as specific motives and barriers
influencing acceptance of CO,-based products. Second, the affective evaluations of CO,SMOS products are
displayed in the form of the profiles of semantic differentials. We present the respective results for the total
sample as well as for the respective countries and compare the results statistically between the four
participating countries.

3.3.1. Attitude towards and acceptance of biobased CCU products

Firstly, to get an idea of how the potential consumers perceive the use of biobased CCU products, participants
evaluated statements linked to their general acceptance of such. As depicted in Figure 3.5 (left), most
participants perceived CO,-based products as basically acceptable, useful, and reasonable. On average, they
had a positive attitude towards, and supported the use of, the CCU products despite being unsure about the
quality of the products. Among the different countries there are merely significant differences in the opinions
regarding statements about:

— ‘Supporting the use of COz-based products’ [F(3,824) =5.1, p =.002, n%=.04]: Here, Spanish participants
(M=3.52, SD=1.13) supported on average CCU-based products significantly less than participants
from Poland (M=3.91, SD=1) and Norway (M=3.85, SD=1), and

— ‘Rejection of the use of CO,-based products’ [F(3,824) =8.73, p £.001, n?=.05]: German respondents
rejected these products the least (M=2.76, SD=1.16) compared to Spaniards (M=3.31, SD=1.24) and
Poles (M=3.12, SD=1.11); and also, Norwegians (M=2.88, SD=1.25) reached significantly lower means
in rejection of the products than Spaniards or Poles.




SMOS

Solutions for a circular biobased industry

General acceptance of COz2-based products

I think CO2-based products are acceptable. 0 35 H =
I think CO2-based products are useful. /0 25 =
I would use products that are based on CO2. /A 286 H =
I support the use of CO2-based products /A0 376 H ﬁ
For ms the use of CO2- based prodis s 7777711110777z o H ﬁ
I am unsure about the quality of CO2 products. /7 /7 /7 315 H =r
I reject the use of CO2-based products. 7 3.0 E‘
1 2 3 4 5 6 1 2 3 4 5 6
disagreement agreement || disagreement agreement

I

" OPoland ®mSpain CNorway mGermany

Figure 3.5. Means resulting for the general acceptance of using CO2-based products. Left: in the whole sample
(N=828), right: in countries participating in the study

Secondly, as perceptions of the perceived motivators and barriers were repeatedly shown to significantly
affect social acceptance, we performed the statistical analyses as follows:

As to perceived motives of using CO,-based products, there was a widespread consensus on the advantages
among the participants of the study. The means reached values suggesting decisive agreement among the
study participants on the benefits of reusing CO,, saving fossil resources, relief for the environment,
strengthening sustainability, and many other (Figure 6, left). Nevertheless, for some of the motives decisive
differences resulted between the participating countries. Below we list the aspects in which significant
differences emerged:

— ‘Reduction of climate-damaging CO;' [F(3,824) =4.36, p =.005, n?=.03]: Polish participants (M=4.38,
SD=1.08) reached significantly higher values than respondents from Norway (M=4.04, SD=1.26) or
Spain (M= 4.03, SD=1.15);

— ‘Reuse of climate-damaging CO;’ [F(3,824) =3.22, p =.022, n?=.03]: significant differences emerged
between Polish (M= 4.31, SD=1.06) and Spanish respondents (M= 3.97, SD=1.24);

— ‘Reduction of CO;, emissions compared to conventional production’ [F(3,824) =5.11, p =.002, n?=.04]:
Norwegians (M= 3.97, SD=1.02) valued this benefit less than Poles (M= 4.35, SD=0.96) or Spaniards
(M=4.25, SD=1.1);

— ‘Sustainability through the reuse of CO;’ [F(3,824) =3.1, p =.028, n*=.03]: Polish participants (M= 4.43,
SD=1) rated the sustainability higher than Norwegian (M= 4.13, SD=1) or German respondents (M=
4.13, SD=1.07);

— ‘Relief for the environment’ [F(3,824) = 4.88, p =.002, n%=.04]: Norwegians (M= 4.04, SD=1.08)
reached lower means for this benefit compared to Polish (M= 4.41, SD=1.03), Spanish (M= 4.36,
S$D=1.21), or German respondents (M= 4.39, SD=1.14);
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— ‘Cost savings through shortened supply chain’ [F(3,824) =7.83, p <.001, n%=.05]: again, Norwegian
participants (M= 3.94, SD=1.12) perceived this motive as less beneficial than Poles (M= 4.37,
S$D=0.96), Spaniards (M= 4.34, SD=1.05) or Germans (M= 4.09, SD=1.13).

A consistent pattern of the resulting means shows up revealing that among the participating countries Polish
subsample agreed most, and the Norwegian subsample least, about the potential benefits of using CO,-based
products (Figure 3.6 right).
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Figure 3.6. Means resulting for the perceived motivators of using CO2-based products. Left: in the whole sample
(N=828), right: in countries participating in the study

Regarding perceived barriers of using CO,-based products, participants mostly fear the manipulation of
consumers through marketing and a high investment of energy that is necessary to produce CCU products.
According to the results presented in Figure 3.7 (left), participants are also slightly concerned about a
renewed release of CO, when the products are disposed of and fear only a postponement of the emission
release questioning the CO,-neutral disposal of the CCU products. Yet even though the environmental impact
seems to be a little doubtful the participants do not refuse the artificial CO, source binding. In the country-
related subsamples (Figure 7, right), differences emerge regarding following perceived barriers:

— ‘Being against the artificial binding to CO; sources’ [F(3,824) =5.89, p <.001, n%=.04]: German
participants (M= 3, SD=1.14) reach significantly lower means than Spanish (M= 3.45, SD=1.09) and
Norwegian (M=3.32, SD=1.19) respondents;

— ‘Too little environmental impact from CCU technology’ [F(3,824) =3.92, p =.008, n?=.03]: similarly,
Germans (M= 3.55, SD=1.06) are less concerned about this barrier than the Norwegian (M= 3.85,
S$D=1.23) and Spanish counterparts (M= 3.89, SD=1.08);

— ‘Only short-term binding of CO; and thus postponement of the emission release’ [F(3,824) =2.80, p
=.039, n%=.02]: the difference regarding this aspect results between Germany (M=3.67, SD=1.02) and
Spain (M= 3.94, SD=1.09).
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in different European countries
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Figure 3.7. Means resulting for the perceived barriers of using CO2-based products. Left: in the whole sample
(N=828), right: in countries participating in the study

Summarizing, findings confirm a positive attitude towards CCU technology and the products resulting from
the capture and reuse of CO,. In general, participants agree on the benefits the technology brings along,
however, significant differences in the opinions concerning respective motives for using the technology result
in the participating countries. In addition to the motives, the participants also see barriers to the use of CO;
products worrying that the reuse of carbon dioxide is neither permanent nor sustainable; here, the opinions
of the international sample do not differ on many points.

3.3.2. Subjective perceptions and affective assessments of biobased CCU products

In the next step, we analyzed four distinct products that were chosen as examples in the CO,SMOS project,
i.e., clothing, cosmetics, packaging, and coating. For this purpose, we used the semantic differential method—
a rating tool that measures a person’s attitude towards the CCU products based on various attributes
(=adjectives) describing them. In the following, we present the resulting profiles and demonstrate the
differences in the respective country-related subsamples.

First, the affective evaluations of CCU-based clothing are addressed. The resulting profiles, as presented in
Figure 3.8, show positive perceptions of different product features, assessing the clothing as health
compatible, quite safe, robust, environmentally friendly, etc. It is striking that the profile makes a kink when
rating the pricing of CO,-based clothing, which indicates that participants expect an increased pricing of such
products compared to standard production. However, there are significant differences between the
participants of the respective countries. The Spanish subsample shows most affectionate attitude towards
the attributes of CCU-based clothing as opposed to the Norwegian subsample. All significant differences in
the respective countries are summarized in Table 3.2. According to the effect sizes, the opinions differ the
most regarding comfortability, health compatibility, perceived safety, environmental impact, quality of the
products, and the pricing.
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Affective Evaluation of CCU-based Clothing
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Figure 3.8. Affective assessments of the distinctive characteristics of CO2-based clothing in the respective
countries

Table 3.2. Results of significant differences in the assessments of clothing attributes between the study’s countries

Characteristics of

CCU-based clothes Statistics of differences

Attractive vs. unattractive F(3,824) =4.90, p =.002, n%=.04
Comfortable vs. uncomfortable F(3,824) =8.92, p £.001, n%=.06
Appealing vs. repulsive F(3,824) =3.46, p =.016, n%=.03
Health compatible vs. harmful to health F(3,824) =13.17, p .001, n?=.07
Safe vs. unsafe F(3,824) =9.48, p £.001, n*=.06
Affordable vs. expensive F(3,824) =12.89, p <.001, n?=.07
High quality vs. low quality F(3,824) =6.17, p £.001, n%=.06
Robust vs. fragile F(3,824) =5.30, p £.001, n%=.04
Durable vs. ephemeral F(3,824) =5.13, p =.002, n%=.04
Environmentally friendly vs. environmentally

F(3,824) =11.06, p £.001, n?=.06
harmful ( ) P n

Second, considering the assessments of CCU-based cosmetics similar patterns result. The resulting means
are located on the dimension side of the positive poles, which allows to conclude that cosmetics based on
CCU technology are perceived, among others, as attractive, interesting, health compatible, and
environmentally friendly. Figure 3.9 depicts the means for different attributes of the CCU-based cosmetics
for the respective subsamples. A strong deviation from the rest of their profile can be seen in the German
sample concerning the pricing of the products: Evidently, potential German consumers fear a substantial
price increase for cosmetic products manufactured with CCU technology. Statistically significant differences
regarding perceptions of attributes referring to CO,-based cosmetics are consolidated in Table 3.3. According

20



SMOS

Solutions for a circular biobased industry

to the statistic parameters, participants from the four countries differ in their opinions especially regarding
the perceived comfortability of the products, but also in terms of attractiveness, health compatibility, safety,
price, and the environmental effect.

Affective Evaluation of CCU-based Cosmetics
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Figure 3.9. Affective assessments of the distinctive characteristics of CO2-based cosmetics in the respective
countries

Table 3.3. Results of significant differences between the study’s participants from different countries in the
assessments of attributes describing CCU-based cosmetics

Characteristics of

CCU-based cosmetics Statistics of differences

Attractive vs. unattractive F(3,824) =10.07, p <.001, n?=.06
Appealing vs. repulsive F(3,824) =9.52, p £.001, n%=.06
Interesting vs. uninteresting F(3,824) =5.42, p £.001, n*=.04
Health compatible vs. harmful to health F(3,824) =9.75, p £.001, n%=.06
Safe vs. unsafe F(3,824) =9.13, p £.001, n?%=.06
Affordable vs. expensive F(3,824) =10.26, p <.001, n*=.06
High quality vs. low quality F(3,824) =5.58, p £.001, n%=.04
Economical vs. non-economical F(3,824) =7.02, p £.001, n%=.05
Comfortable vs. uncomfortable F(3,824) =15.14, p <.001, n*=.08
Durable vs. ephemeral F(3,824) =6.79, p £.001, n*=.05
Environmentally friendly vs. environmentally harmful F(3,824) =9.43, p £.001, n%=.06

Next CCU-based product that was evaluated using the method was packaging (e.g., for food). In relation to
this CCU product, the pattern of emerging profiles is comparable to the previous profiles too (Figure 3.10).
Respondents rated positively the features of packaging, merely the pricing indicated some degree of
uncertainty among the participants. In comparison to the other products described above, opinions about

21
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the attributes describing packaging in the respective subsamples differ in less aspects. In Table 3.4, statistics
of differences are provided indicating that among the investigated countries noteworthy differences resulted
regarding the simple versus complicated handling: Among the respondents Norwegians seem to be more
skeptical about this feature of biobased packaging from CCU technology in comparison to Germans, Poles,
and Spaniards.

Affective Evaluation of CCU-based Packaging
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Figure 3.10. Affective assessments of the distinctive characteristics of CO2-based packaging in the respective

countries

Table 3.4. Results of significant differences between the study’s participants from different countries in the
assessments of attributes describing CCU-based packaging

Characteristics of

Statistics of diff
CCU-based packaging atistics of differences

High quality vs. low quality F(3,824) =2.87, p =.036, n*=.02
Affordable vs. expensive F(3,824) =7.87, p £.001, n%=.05
Safe vs. unsafe F(3,824) =6.84, p £.001, n?=.05
Health compatible vs. harmful to health F(3,824) = 8.55, p £.001, n?%=.05
Innovative vs. traditional F(3,824) =4.34, p =.005, n*=.03
Environmentally friendly vs. harmful F(3,824) =6.61, p £.001, n*=.04
Simple handling vs. complicated handling F(3,824) =9.16, p £.001, n*=.06

Finally, respondents of the online survey disclosed their subjective perceptions on characteristics pertaining
to coating manufactured by CCU technology. Again, the opinions were located on the positive side of the
particular dimensions (see Figure 3.11) indicating that CO,-based coatings are mostly perceived as innovative,
health compatible, and environmentally friendly. Internationally, opinions on the different attributes of
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coatings considerably differ in the perceptions of the health compatibility and safety of the products with
Spanish respondents resulting in the highest means and Norwegian participants in the lowest means; Table
3.5 displays all significant differences among the countries participating in the study.

Affective Evaluation of CCU-based Coatings
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Figure 3.11. Affective assessments of the distinctive characteristics of CO2-based coatings in the respective
countries

Table 3.5. Results of significant differences between the study’s participants from different countries in the
assessments of attributes describing CCU-based coatings

Characteristics of

Statistics of diff
CCU-based coatings atistics of differences

Appealing vs. repulsive F(3,824) =4.79, p =.003, n?=.04
Innovative vs. traditional F(3,824) =6.85, p <.001, n?=.05
Environmentally friendly vs. harmful F(3,824) =8.45, p £.001, n*=.05
Safe vs. unsafe F(3,824) =10.35, p <.001, n?=.06
Affordable vs. expensive F(3,824) = 7.64, p <.001, n=.05
Durable vs. ephemeral F(3,824) =6.47, p =.005, n%=.04
Health compatible vs. harmful to health F(3,824) =11.98, p <.001, n3=.07
Robust vs. fragile F(3,824) =3.83, p =.010, n*=.03
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4.Final remarks

So far, the development of CO,-neutral, climate-friendly products is mainly driven from a technical and
economic point of view, but often lacks a social science perspective on these innovative processes. RWTH
Aachen University strives to close this gap, to systematically explore the perceptions, demands, and needs of
the potential consumers in advance and (iteratively) during the creation/production process to ensure the
high quality and sustainability of products that are optimally adapted to the end users. Potential end
customers’ views on these new products manufactured with CCU are of particular interest, both in terms of
perceived advantages and disadvantages as well as their needs in terms of health, quality, and environmental
aspects.

This deliverable describes acceptance-related requirements of the potential consumers and their perceptions
of CO,SMOS biobased products, i.e., clothing, cosmetics, packaging, and coating. Using a two-step empirical
procedure, the evaluations of the named biobased products revealed that, in general, they are perceived as
acceptable, useful, and reasonable. Participants of the qualitative and quantitative studies displayed a
positive attitude towards and supported the use of CCU products consistently agreeing on the perceived
advantages of the products. Even though, the analyses revealed potential barriers and uncertainties of CO»-
based products too — especially regarding the pricing and quality of the novel products — the participants of
different European countries exhibited overall positive affective perceptions of all evaluated products.

Based on these results referring to sociopolitical aspects and acceptance evaluations of different product
categories, public requirements on biobased products can be incorporated into developing marketable
biobased products. In the next step, studies on preferences and weighing specific product attributes, and
deriving consumer acceptance segments as well as adopter profiles for bio-based products are intended.
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