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ABSTRACT

The use of industrial by-products as substitutes for raw materials in cement production not only reduces raw
material use, thereby contributing to the circular economy, but also offers an avenue for reducing greenhouse gas
emissions. This study investigates the perceptions of industry representatives and end-users across Belgium,
Czechia and Slovenia regarding alternative cement made with industrial by-products categorised as naturally
occurring radioactive materials. Based on 66 interviews, three main concerns were discerned: health, perfor-
mance, and economic. Health concerns varied across countries, whereas performance and economic concerns
were consistent. Health concerns can be mitigated by fostering trust in authorities. Performance concerns can be
addressed through certification and practical examples. Economic concerns arising from the perceived higher
costs connected to sustainability and lack of urgency for immediate change can be mitigated through incentives
and regulations. This study informs communication and policy strategies tailored to address stakeholders’ spe-
cific concerns in each country.

1. Introduction

Innovative solutions for energy and material efficiency in the cement
sector are key to reducing the 7% of the global GHG emissions for which
the cement industry is responsible (Marmier, 2023). The predominant
source of GHG emissions in cement production comes from the
manufacturing of clinker, which is the main component of cement.
These emissions result from the chemical reactions and fuel combustion
during the production process. Reducing the clinker-to-cement ratio by
increasing clinker substitution could make the greatest contribution to
reducing emissions in the cement industry (IEA, 2023). Commonly used
substitutes for clinker include fly ash from coal-fired power plants
(Vargas and Halog, 2015), granulated blast furnace slag from steel blast
furnaces (Oge et al., 2019), and calcined clays, which are natural clays
subjected to thermal treatment (Scrivener et al., 2018). However, a
reduction in the supply of some commonly used by-products is expected

due to major changes in their respective industries (GCCA, 2023).
Consequently, alternative industrial by-products with the potential to
substitute clinker have been investigated extensively (Duchesne, 2021;
Juenger et al., 2019; Miller, 2018; Snellings et al., 2023; Yang et al.,
2015).

Among potential clinker substitutions, by-products such as copper
slag from copper production and red mud from aluminium production
can, in specific cases, be classified as naturally occurring radioactive
material (NORM) due to their elevated radionuclide concentrations.
NORM is a radioactive material containing no significant amounts of
radionuclides other than naturally occurring radionuclides (i.e., ura-
nium (238U), thorium (%*2Th) and their decay products, and potassium
(“°K)) (Popic et al., 2023b). Although the activity concentrations of these
radionuclides are typically low in natural rocks and soils, industrial
extraction and processing can cause radionuclides to become unevenly
distributed between various products, by-products, and residues. In

* Corresponding author. Research Group Environmental Economics, Centre of Environmental Sciences, Hasselt University, 3590, Diepenbeek, Belgium.

E-mail address: nazanin.love@uhasselt.be (N. Love).

https://doi.org/10.1016/j.jenvman.2025.124136

Received 24 June 2024; Received in revised form 17 December 2024; Accepted 11 January 2025

Available online 17 January 2025

0301-4797/© 2025 Elsevier Ltd. All rights are reserved, including those for text and data mining, Al training, and similar technologies.



N. Love et al.

some cases, radionuclide concentrations may increase by several orders
of magnitude, surpassing legislative limits that vary by country, classi-
fying the material as NORM (IAEA, 2024). For example, commercially
exploited minerals may contain 238U, 232Th, their decay products, or
potassium at elevated concentrations, raising radiological safety con-
cerns (IAEA, 2022). For a detailed methodology on the systematic
identification of NORM and data collection practices, readers may refer
to studies such as Michalik et al. (2023), which outline a comprehensive
approach to identifying NORM, and Popic et al. (2023a, 2023b), which
discuss harmonised data collection and exposure assessments across
European countries (Michalik et al., 2023; Popic et al., 2023a, 2023b).

NORM-containing by-products, such as copper slag and red mud,
also present significant environmental challenges. For every tonne of
aluminium produced, approximately 1.5 tonnes of red mud are gener-
ated, while copper slag is produced at a rate of 2.2 tonnes per tonne of
copper. Much of this waste is disposed of in landfills, contributing to
environmental degradation through the leaching of heavy metals and
radionuclides (Wang et al., 2020). The International Atomic Energy
Agency (IAEA, 2013) recommends recycling these by-products in in-
dustrial applications, including cement production, to align with circu-
lar economy principles. This approach reduces waste while promoting
sustainability by shifting the perception of NORM from waste to a
valuable resource, enabling its safe and productive use.

The use of NORM-containing by-products as clinker substitutions
provides dual benefits: reducing the clinker-to-cement ratio—and thus
greenhouse gas emissions during cement production—and repurposing
industrial by-products that would otherwise accumulate as waste. This
integration minimises the demand for virgin raw materials while
addressing waste disposal issues, showcasing the potential of NORM as a
supplementary material in cementitious binders (de Brito and Kurda,
2021; Juenger et al., 2019). Nevertheless, building materials containing
NORM may expose individuals to gamma radiation or radon (*2Rn) and
thoron (220Rn) gases released into indoor air (ICRP, 2019).

The European Union’s Basic Safety Standards (EU-BSS) Directive
(Council Directive, 2013/59/Euratom) mandates strict regulations for
NORM-containing building materials, including monitoring and assess-
ing radiation exposure. The Directive sets a reference level of 1 mSv per
year for indoor gamma radiation from building materials. It employs an
activity concentration index (I-index) as a screening tool, requiring
further assessment if the index exceeds a value of 1. Member states may
enforce stricter national regulations where local conditions necessitate.
Furthermore, National Radon Action Plans under the EU-BSS Directive
ensure comprehensive management of radon (**’Rn) emissions from
NORM-containing building materials, soil, and water, thereby address-
ing long-term radon (222Rn) exposure risks (HERCA, 2016).

The radioactivity concentration of building materials incorporating
NORM-contained by-products depends on several factors, including the
geological origin of the raw materials, the specific industrial processes
involved, and the extent of their use in construction applications. For
example, red mud, a by-product of bauxite processing, exhibits activity
concentrations ranging from 97 to 1700 Bq/kg for 2%6Ra, 45-1800 Bg/kg
for 232Th, and 15-583 Bq/kg for K, depending on its origin and treat-
ment process. The incorporation of such materials into construction
products can sometimes lead to exceeding regulatory screening levels, as
indicated by the EU-BSS standards. Consequently, a detailed radiolog-
ical assessment is critical before these materials are used in building
applications. Such assessments not only provide insights into potential
radiological risks but also inform regulatory compliance and public
perception of their use as sustainable alternatives in construction
(Schroeyers et al., 2018).

While this regulatory framework ensures the safe use of NORM in
construction, aligning with sustainability goals such as waste reduction
and resource reuse, its effectiveness depends heavily on public trust.
Addressing societal concerns about potential radiological risks is vital
for fostering acceptance and facilitating the broader adoption of these
materials in construction, contributing to the advancement of a circular
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economy and sustainable practices.

A significant body of research has explored the technical feasibility
and environmental impact of using NORM-contained by-products as
clinker substitutes (see Kumar et al., 2021; Phiri et al., 2021; Wang et al.,
2021). However, the successful development and deployment of
emerging technologies also depends on understanding and addressing
stakeholders’ concerns (Siegrist and Hartmann, 2020). Kirchherr et al.
(2018) classified a lack of consumer interest and awareness as one of the
main barriers to a circular economy in the EU context. Their findings
indicate that while technological advancements are necessary, they are
not sufficient to adopt sustainable practices. The importance of societal
acceptance has been highlighted for other disruptive technologies such
as hydrogen (Emodi et al., 2021), low-carbon technologies (Arning
et al., 2020), and renewable energy (Batel, 2020). In the context of
alternative cement made with NORM-contained by-products, societal
acceptance is critical, especially due to potential concerns about
radioactivity.

To our knowledge, the societal aspects of using alternative cement
made with NORM-contained by-products have, to date, been explored
solely in the context of the Belgian concrete industry (Love et al., 2023).
Our study broadens this scope by extending the investigation to include
end-users’! perceptions beyond industry insiders, as well as expanding
the geographical context to the Czech Republic (Czechia) and Slovenia.
This allows us to assess whether previous findings are context-specific or
generalisable to other national contexts. We pose the following research
questions to further explore the complexities of the transition to alter-
native cements”

RQ1: What key factors influence industry representatives’ and end-
users’ perceptions of alternative cements in Belgium, Czechia and
Slovenia?

RQ2: To what extent do country-specific factors in the three coun-
tries shape industry representatives’ and end-users’ perceptions of
alternative cement?

Thus, this study identifies the challenges in transitioning to alter-
native cement, contributing to the ongoing discourse on sustainable
replacements for traditional cement. By investigating societal aspects,
we extend the analysis scope of the literature, which is currently
strongly focused on technical and environmental issues as previously
outlined. Insights into stakeholders’ perceptions of alternative cement
provide a foundation for strategies that can inform the design of public
policies and communication strategies.

2. Methods

To explore perceptions of industry representatives and end-users of
alternative cement, we adopted a qualitative research method that
provided comprehensive insights into uncharted research areas,
enabling a detailed understanding of the topic without predefined var-
iables (Creswell and Creswell, 2017; Knott et al., 2022). Among the
different qualitative techniques, we conducted semi-structured in-
terviews because this format strikes a balance between structured and
flexible discussions, guided by key questions, while allowing for the
emergence of new relevant topics during the interviews (Gibson and
Brown, 2009). This approach was particularly effective in our study,
owing to its exploratory nature. Appendix 1 provides the interview
protocol and design steps.

! End-users influence the cement industry more than heavy industries such as
iron, steel, and chemicals, due to the direct use of cement in everyday con-
struction materials (Griffiths et al., 2023).

2 In this paper, we refer to ‘alternative cement made with NORM-contained
by-products’ simply as ‘alternative cement’.
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2.1. Sampling and data collection

To extend the previous research conducted in the Belgian context
(Love et al., 2023), our study compares perceptions in Belgium with two
other countries within the EU: Czechia and Slovenia. This ensured
consistency across evaluations, leveraging the fact that all EU Member
States adhere to European climate law, which mandates significant re-
ductions in greenhouse gas emissions to achieve the 2050 net-zero target
(European Council, 2024). Czechia and Slovenia were chosen for their
distinct socio-historical contexts which we will discuss further in section
3.1.

Building on our comparative framework, participant recruitment
involved tailored sampling strategies for end-users and industry repre-
sentatives, detailed in Table 1.

In line with ethical research practices, ethical approval was obtained
from the Social-Societal Ethics Committee at Hasselt University.
Informed consent was obtained from all participants before the in-
terviews, highlighting the principles of voluntary participation, auton-
omy, and confidentiality. These interviews, conducted online between
September 2021 and April 2023, had an average duration of 45 min.
Each interview was audio-recorded and later transcribed and translated
to English. Table 2 presents the number of participants in each category.
We relied on the concept of data saturation to determine when data
collection was sufficient, which meant that no new insights emerged,
while ensuring the richness and comprehensiveness of the collected data
(Gerson and Damaske, 2020).

2.2. Analysis of interview data

In line with the recommendations of Knott et al. (2022), we initiated
our analysis concurrently with data collection, allowing early findings to
shape the direction and focus of the subsequent interviews. Employing
this iterative approach ensures a cohesive alignment between the
collected data and the findings that emerge (Spencer et al., 2014).

Thematic analysis was chosen for its ability to explore data in depth
and utilised to scrutinise commonalities, relationships, and differences
within our dataset. This method, ideal for our study’s iterative approach,
facilitated the identification and interpretation of emerging patterns and
themes, offering in-depth insights into the data collected (Gibson and

Table 1
Sampling strategies for both stakeholder groups.

z End-users Industry representatives

Professionals involved in their
company or organisation’s
decision-making processes
regarding the type of cement
used. This includes roles within
concrete companies,
construction companies, and
related federations that
represent industry perspective.
Snowball sampling: Networks
of initial participants were used
to identify additional relevant
individuals from other
companies, ensuring that those
selected could offer detailed
insights into our research
questions.

Definition Individuals in the process of
building or renovating their

houses.

Sampling
strategy

Purposive sampling: End-users
who have recently built or
renovated their houses were
targeted due to their recent
involvement in choosing
building materials for their
construction projects
Convenience sampling:
Participants were selected based
on their accessibility and
availability to the researcher,
optimising research efficiency,
and resource utilisation.

Quota sampling: To ensure representation from each of the three
countries under study, the above strategies were combined with
quota sampling, balancing the input from both stakeholder groups
across geographical locations.
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Table 2
Distribution of participants.
Belgium Slovenia Czechia
End-users 12 11 10
Industry 14 9 10 66
Total 26 20 20

Brown, 2009). Informed by Braun and Clarke (2021, 2006) guidelines,
this approach enabled us to extract meaningful insights, particularly into
understanding the nuances and perspectives revealed in the interviews.
The first author engaged in an initial round of open coding by labelling
sections of data with each code to encapsulate a single idea from the
data. The coding process was iterative, involving reading and rereading
the interview transcripts, and applying and refining the codes. This
process continued until we ensured that the coding frame was consis-
tently applied across the dataset. This allowed us to create a new un-
derstanding by identifying thematic patterns that convey significant
meanings across the dataset (Knott et al., 2022). Our analysis alternated
between closely examining the data for detailed insights and stepping
back to synthesise and articulate broader analytical findings. We
ensured that our interpretations remained firmly grounded in the data,
reflecting a deep understanding of participants’ perspectives (Glaser and
Strauss, 2017). Throughout this iterative process, we combined deduc-
tive and inductive logic, which is often referred to as an abductive
approach, a hallmark of thematic analysis (Fereday and Muir-Cochrane,
2006). Our approach was attentive to the emergence and comparison of
themes and patterns across different stakeholders and across countries.
NVivo software was used to manage interview data and facilitate the
coding process.

3. Results and discussion

Three main themes emerged, representing key concerns associated
with the use of alternative cement: (i) health, (ii) performance, and (iii)
economic. Each theme represents a fundamental aspect of the decision-
making process on both the supply (industry representatives) and de-
mand (end-users) sides of the market. For each theme, we highlight key
sub-themes to shed light on the specific aspects that influence these
concerns.

3.1. Health concerns

This theme entails stakeholders’ concerns about the potential health
impacts of alternative cement, which is a key factor because of the
widespread use of cement in buildings and hence potential long-term
exposure risks. Our analysis highlighted a divergence in health-related
concerns among participant groups. The greatest concern emerged
among end-users in Czechia, who demanded long-term evidence
regarding the “non-toxicity” [3.E.C]° of alternative cement, stating: “My
decision depends on whether buildings or apartments have already been
constructed with this material. Otherwise, I would likely be hesitant and
choose to wait. It could take years to establish the non-existence of negative
health effects of such materials” [10.E.C]. This heightened concern may be
partly attributed to Czechia’s historical use of concrete containing in-
dustrial by-products with elevated levels of natural radioactivity, which
has led to increased indoor radon (**?Rn)* levels. These incidents, in

3 Each quote is coded to identify the participant: the number is their
sequence within their stakeholder group and country; the first letter denotes
stakeholder type (I=Industry, E = End-user), and the second letter their country
(B=Belgium, S=Slovenia, C= Czechia).

4 Radon (?*’Rn): A radioactive noble gas formed from the decay of uranium
in soil, rock, and water. It tends to accumulate indoors, especially in lower areas
such as basements.
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some cases, necessitated the demolition or remediation of affected
dwellings (Hulka and Thomas, 1999; SURO, 2024). This historical
context likely shapes end-users’ heightened awareness and demand for
safety assurances in Czechia, providing a unique dimension to our
comparative analysis. Conversely, industry representatives in Czechia
demonstrated less concern but emphasised the need to guarantee its
safety “for the occupants and users of the building as well as for the con-
struction workers” [6.1.C].

Both industry and end-users in Slovenia were among the groups with
elevated health concerns. An industry representative said: “Yes, of
course, I would be worried. The average citizen does not initially measure it,
know about it, or feel its effects, only after becoming ill. What is the reason
they became ill? They don’t know. [ ...]° Consumer safety is paramount. If we
work with residential construction, this cement must be medically indisput-
able and safe” [8.1.S]. Participants in Slovenia and end-users in Czechia
believed that alternative cement “should not be used for a house” [7.E.S]
because “health effects only manifest over years™ [9.E.S]. Echoing this, one
end-user in Slovenia stated: “If I were to do it, I would begin with certain
construction examples, such as garages that no one lives in. I would conduct
measurements there and, with assistance from independent institutions,
demonstrate that radiation is essentially non-existent. This could pave the
way for its application in ordinary constructions. I would certainly not start
with residential buildings” [2.E.S]. In Czechia, the elevated health con-
cerns among end-users prompted additional caution, even with non-
residential applications: “I don’t know if I would want that in my imme-
diate proximity. I'd rather have it quietly in that fence. I don’t think I'd mind
that, but still I'd want to get that painted, or I'd like to treat it somehow so the
radiation wouldn’t leak out” [2.E.C].

Our analysis indicates the least pronounced concerns in Belgium.
Both stakeholder groups had broad concerns. For example, they
mentioned that alternative cement should be “safe for use in production”
[13.1.B], and “within limits” [3.E.B].

3.1.1. Perceived trustworthiness of certifications

This sub-theme emerged as one of the main factors shaping percep-
tions of health risks, with a notable contrast between Belgium and
Slovenia. In Belgium, the lower health risk perception among both
stakeholder groups was linked to their higher trust in certification. End-
users in Belgium exhibited trust in the safety of products in the market.
As one participant said: “If that is extreme, then it will not be allowed to be
put on the market” [9.E.B]. Another participant explained: “If it is really
too radioactive, then it should never be used. I trust the inspection authorities
on that” [8.E.B]. Through certification, companies can guarantee the
safety of their product:

“I think we, as an industry, if the product is approved and certified,
then we will agree, and then we will be ready to use the product.” [5.
L.B]

In Slovenia, scepticism towards certification underscores a more
cautious approach. Both stakeholder groups’ higher perceived risk is
linked to lower trust in certification. Despite acknowledging its neces-
sity, certification did not equate to the safety of the product, primarily
because of an underlying mistrust in certifying authorities: “As soon as
you hear radioactive, you lose interest, right? I mean, that’s quite a problem,
even though it’s low. No, it’s low now, but then in 10 years, they’ll figure out
that it’s not that low” [11.E.S]. Slovenia’s high recycling rate, as reported
by the European Environment Agency (2023), underscores a societal
inclination towards resource eff iciency, which could translate into a
positive reception of alternative cement solutions that promote sus-
tainability. However, recent criticism of Slovenia’s largest cement plant
regarding air pollution (CIPRA, 2022) provides context that enriches our

5 [...] is used when a quote is given as an example, but the middle words or
sentence(s) have been omitted because they are not relevant to the study or the
example given.
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comparative study: a robust recycling ethos in Slovenia coexists with the
health challenges related to cement production. To alleviate their health
concerns, both stakeholder groups sought additional assurances such as
detailed information and explanations, as well as approval from other
trusted entities:

“If experts unanimously agree that it’s safe and poses no harm, then I
have no problem with it.” [6.E.S]

This theme was less pronounced in Czechia, particularly among end-
users. Despite the link between certification and health concerns, due to
negative past experiences in the country (see Section 2.1), some par-
ticipants stated that these materials would not be allowed in the market:

“It is not allowed, and we have standards for that. Radon is moni-
tored here and people are sensitive to that. Lung cancer and radon
have been dealt with a lot in the country, even among us — some
houses were demolished or so-called undercut to shield them” [4.1.
Cl.

3.1.2. Experience with similar materials

Stakeholders’ health concerns were also influenced by their past
experiences with similar materials. This theme emerged most frequently
during the interviews in Czechia. Some of the end-users recounted past
experiences, with one noting, “Due to historical reasons in Czechia, espe-
cially from those who lived in houses constructed with radioactive fly ash®; I
know many who developed lymph node cancer” [5.E.C]. Another added:
“So it could cause cancer over time” [9.E.C]. Awareness of previous
negative incidents has led to elevated health concerns regarding the use
of alternative cement. In line with this, industry representatives stated
that customers would not accept the use of alternative cement: “But that
risk seems familiar and, if the public knows, I believe the majority of people
would not want it” [3.I.C]. This sentiment is echoed in concerns that
switching to alternative cement will not be justifiable: “It wouldn’t be
worthwhile. [...] We have radioactivity linked to cancer, and even a lower
price would not solve that if it was written there or people had that infor-
mation” [4.1.C]. To address the current negative connotation of these
materials, one participant suggested “using them in government contracts”
[6.1.C], implying that the government prescribes the use of alternative cement
in their construction projects. This strategy would enhance public trust by
associating the materials with governmental approval and incorporating them
into public infrastructure, such as state buildings, thereby normalising their
application and demonstrating their safety and reliability.

Similar patterns were observed in Belgium and Slovenia, even
though participants there were mostly unaware of the prior use of
NORM-containing by-products. Participants raised health concerns
when they associated the use of NORM-contained by-products with
previous problematic use of hazardous materials in the market. For
example, in Belgium, although most participants were receptive to using
alternative cement, one expressed scepticism about its use, even with
certification. This participant referred to a building material initially
regarded as safe, but later discovered it to pose harmful health risks:
“For example, asbestos used to be a good building material. [...] But some-
thing will probably come up at some point where people will say, ‘ah well, we
shouldn’t have used that either’.” [11.E.B]

Participants with a history of successfully managing hazardous ma-
terials tended to feel more confident about the use of alternative cement.
Previous experience helped them overcome potential obstacles associ-
ated with the use of by-products containing NORMs; thus, they
expressed fewer health concerns: “We have conducted leaching tests for
years, so there is sufficient experience there to say that it is safe. Frankly, I
don’t have any experience with radioactivity. I don’t know. But, of course,

6 The use of fly ash, by-product of the local coal power station, in porous
concrete production resulted in exceeding the radon (**Rn) concentration in
some dwellings.



N. Love et al.

let’s say this will have to be handled appropriately” [8.1.B]. This is also
evident in the following quote from an end-user:

“I would primarily research that. I had a similar issue with my
kitchen countertop made of granite or stone, which is also supposed
to be radioactive, but I looked into it and found that the levels are so
low that they’re insignificant. I would make a similar decision here.”
[6.E.S]

This response highlights the importance of providing clear,
comparative information on the radioactive levels of sustainable cement
and the raw materials used in its production relative to conventional
cement. Communicating this information comprehensively yet simply,
in a way that end-users can easily understand, is crucial for building
trust and addressing perceived health risks associated with its use.
Future research should focus on systematically comparing the radio-
logical properties of sustainable and conventional cements, as well as
exploring effective ways to communicate these findings to diverse
stakeholders.

Health concerns related to disruptive technologies have been high-
lighted in several studies. Arning et al. (2020) identified health concerns
as a key factor in public scepticism towards carbon capture and uti-
lisation. Etale et al.’s (2020) study on the willingness to use recycled
water in Australia and South Africa indicated that greater trust in in-
stitutions leads to lower perceived health risks. Our findings also align
with Scovell’s (2022), in which positive experiences with similar tech-
nologies were identified as the contributing factors to acceptance.
Similarly, negative personal experiences have been shown to increase
risk perceptions (Siegrist and Arvai, 2020; Xie et al., 2019).

3.2. Performance concerns

This theme emerged among all participant groups. There were no
major differences in their concerns regarding the workability and per-
formance of alternative cement. Validation of long-term durability and
resilience emerged as key factors that reduce the participants’ perfor-
mance concerns. Performance-related durability and resilience are
essential for materials such as cement, because they ensure that build-
ings can maintain stability over time. One participant stated: “It must
have the same properties, which perhaps won'’t change over time, and won’t
be affected by weather and such” [5.E.C]. A flaw in the product can
endanger human life: “Construction is about safety. If you construct
something that ultimately lacks strength, resilience, or durability, you create
potential danger” [9.1.B]. Therefore, “introducing a revolutionary binder
into the market [...] may be a bit riskier than other products where there are
no such [safety] concerns” [3.1.S].

Furthermore, some participants perceive “environmentally friendly
options as slightly more complicated” [5.E.S], which often led them to
favour traditional cement. Participants stressed that alternative cement
must be convenient to work with. One participant from the construction
companies emphasised: “In construction, there is a saying that paper can
handle everything. I mean, it’s nice to say that this is such and such a cement
and that it has such and such properties when it was worked with it in the lab,
but when this is actually used on construction sites, things can vary a bit and it
may be, for example, that some cement types are less popular because it
causes certain inconveniences on the site” [1.1.S]. Workability concerns
were particularly pronounced among end-users in Belgium, who were
more actively involved in the construction of their houses. Participants
emphasised the need for alternative cement to be “easy to use” [9.E.B]
and not require “any specialised protective equipment” [1.E.S]. A common
sentiment among these participants was the need for the cement to be
straightforward to work with:

“We do some of the construction work on our house ourselves. We
should be able to easily work with that material, not fight with it.” [5.
E.C]
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3.2.1. Validation of long-term durability and resilience

To address participants’ performance concerns, validation and
guarantee of the long-term durability of alternative cement is required.
Participants emphasised that alternative cement must “align with speci-
fications” [8.E.C] and “comply fully with established standards and regu-
lations” [6.1.C]. While compliance with standards lowers participants’
performance concerns, some industry representatives highlighted that
“sometimes, the regulation itself is the main problem” [2.1.S]. They pointed
out that “various bureaucratic hurdles and lengthy processes” [3.1.S] often
dissuades the adoption of sustainable practices, as “most people don’t
even find it worthwhile” [6.1.C]. Participants urged streamlined and
effective regulations that do not themselves become barriers.

End-users, typically those less experienced with cement, place their
trust beyond certifications, valuing “the opinions of those who use it to
determine whether the product is good or not” [4.E.S]. This is evident in the
following statement: “This isn’t where you rely on the government or even
scientists, as they can’t-test it! The experience of those builders is what
matters” [5.E.C]. In addition to contractors, other frequently mentioned
trusted entities include architects, reputable institutions, building shops,
and acquaintances.

End-users generally expect the house they build to “be functional for
the rest of [their] life” [5.E.C]. Given the novelty of alternative cement
and their structural importance, the above-mentioned enablers should
be accompanied with practical examples of the use of alternative cement
in other buildings: “So this is a novelty. I think I'd wait first to see what the
results and references would be” [1.E.C]. A prevalent concern among
participants was “the absence of references” [5.E.S]. They emphasised the
need for it to be “historically proven” [5.E.C] “to see if it actually does what
it claims” [2.E.B]. One industry representative articulated:

“So, with these cements, we are not sure because they are so new.
[...]1 I wouldn’t recommend them because we don’t know what they
mean in the long run.” [4.1.S]

Our findings align with those of previous studies investigating bar-
riers to the circular economy, which suggested revising existing
restrictive product regulations. These were identified as significant im-
pediments, owing to their misalignment with the principles of sustain-
able production. They recommended the introduction of new
regulations to promote sustainable production (Geissdoerfer et al.,
2023; Gue et al., 2020; Kirchherr et al., 2018).

3.3. Economic concerns

This theme highlights the economic challenges stakeholders
encounter when shifting towards sustainable alternatives. Incentives
and obligatory pathways emerged as sub-themes identified as key en-
ablers for overcoming economic concerns. Economic concerns were
consistent across countries and both stakeholder groups generally
acknowledged that “if nothing is done about environmental issues, they will
only worsen” [9.E.B]. However, there was also a common perception that
“what is more environmentally friendly is more expensive” [5.E.S], which
prevents this recognition from translating into action. One participant
outlined the dilemma, stating: “We also want our children to have a better
future. But for the moment, changing would lead me to bankruptcy” [9.1.B].
There was a conspicuous “lack of urgency” [12.1.B] among participants
to adopt environmental actions. This hesitancy stems from viewing
sustainability as a long-term goal, rather than an immediate priority. For
instance, one participant remarked: “Over a horizon of 30 to 50 years, I
believe changes will be necessary; maybe I will not be alive by then, but maybe
I will” [3.1.C]. Immediate economic challenges overshadow the urgent
need to address environmental issues. Participants emphasised that: “It
is an uncertain time for choosing even more expensive materials that might be
ecologically better in the long run” [2.E.B]. Echoing this, one industry
representative mentioned that: “Currently, there is a slight decline in this
[opt for sustainable alternatives] due to the economic crisis, high inflation, a
problem with the supply of materials, and the Ukrainian War. I don’t think
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any big ecological turbulence in traditional construction can happen now” [4.
I.C].

Furthermore, industry representatives noted a lack of demand for
sustainable materials, explaining that customers are generally positive
about sustainable options “until they have to pay for it” [8.1.C]. During
the interviews with end-users, this lack of demand was linked to the fact
that “When building a house, funds are usually limited, making it
difficult to focus on every detail, including environmental impact” [6.E.
S1. Another underlying reason was that construction of the house is
“primarily the biggest expense we [end-users] have in life” [10.E.S].
Hence, opting for a novel, yet unverified product introduces consider-
able financial uncertainty: “You always have to take out a mortgage on
it, and then with this new thing, to find out that somehow it’s a problem
with the construction, I would just be concerned” [5.E.C]. Industries find
a shift towards sustainable alternative cement, which is impractical
without guaranteed customer demand:

“We cannot use cement that is much more expensive as it would
make us non-competitive with our colleagues.” [8.1.S]

3.3.1. Incentives

Both stakeholder groups mentioned that they opt for sustainable
solutions only “if it yields a profit for them elsewhere” [3.E.B]. In the
absence of financial motives, they were less inclined to invest in sus-
tainable cement. One end-user stated: “I’ll go for solar power because then
you have some financial benefits or savings. At the same time, you do
something good for the environment, so it’s a win-win. The question is, if it
was only about the environment, you pay three times more, and do something
good for the environment, there would be fewer decisions made in that di-
rection” [11.E.S].

Both stakeholder groups mentioned government incentives as a form
of encouragement, but also that “currently, there is no leverage or stimu-
lation” [5.E.C]. One participant said: “If you want to do it, you have to pay
for it without receiving something. There is no impulse from the government”
[11.1.B]. Some industry representatives pointed out that incentives can
also take the form of “company image” [2.1.B] or “PR [Public Relations]”
[6.1.S]. However, the absence of standardised parameters complicates
the process of making credible sustainability claims. As one participant
explained: “Everyone interprets sustainability differently, and even I am
uncertain about how to understand and declare it in the context of our
company” [6.1.C]. This ambiguity often leads to greenwashing: “Cus-
tomers no longer know whom to believe” [9.1.B]. This was also pointed out
during the interviews with end-users: “It’s challenging to be a judge here,
and very difficult to process all the different information coming from all
sides. There’s a lot of deception and misleading people as a result” [7.E.B].

Participants repeatedly mentioned that: “It is essential to maintain
consistency in how environmental product declarations are expressed’’ [4.1.
C]. The lack of “a universally recognised calculation method” [6.1.B]
demotivates companies to invest in sustainable solutions: “It often feels
like a matter of saying something that sounds good, the use of alternative
fuels, and alternative materials in order to increase or maintain profits. We
know that is the case in every company. My personal opinion is that every-
thing has too much to do with these profits. This sometimes obscures the truth
about our motives and whether there is genuine commitment to sustainability.
Where is this boundary, and where is this truth, or are these just some nice
words?” [6.1.S].

3.3.2. Obligatory pathways

This sub-theme was mentioned more frequently during the in-
terviews with industry representatives. The participants highlighted
that, without direct benefits from using alternative cement, regulatory
measures are essential to facilitate a transition. One participant stated:
“Clearly, the industry will not adapt unless there is a necessity or advantage
to do so. Why should we torture one another? [...] Regulation and stand-
ardisation are absolutely necessary. Without them, change is not possible” [6.
LS]. Echoing industry’s perspective, an end-user mentioned that:
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“People are unlikely to significantly reduce consumption unless faced with a
shortage or a ban” [7.E.S]. Participants indicated that the most effective
way to switch to sustainable cement is through obligations, particularly
due to higher associated costs: “Clear rules are necessary, and who better to
set them than politicians, since it is unpopular and currently also expensive”
[3.E.C]. Some industry representatives stated that there is no significant
mandate for enforcing the use of sustainable cement in concrete pro-
duction: “In other areas, there are even requirements, not just desires [ ...],
whereas for concrete, this trend is very low or almost non-existent” [7.1.5].
To render the use of traditional cement financially unviable, represen-
tatives advocated for increasing CO, taxes and emission allowances:
“Should the emission allowances increase so high that it will stop being
profitable to use natural cement” [9.1.C]. They argued that legal obliga-
tions would “guarantee the same rules of the game for everyone” [3.1.S] and
establish “a single and fair market” [6.1.C] within which “no one could
abuse them” [3.1.C].

Moreover, participants highlighted that: “The sustainability aspect is
not yet a requirement in public procurement” [9.1.C]. This situation further
discourages companies from adopting sustainable solutions, as,
currently, “the government needs to sign contracts with the cheapest
contractor” [6.1.B]. Participants suggested that authorities need to “put
an environmental criterion into their tender” [5.1.S].

Our findings confirm those of Saez-Martinez et al. (2016), who
highlighted the central role of regulations in driving sustainable solu-
tions, while Tokbolat et al. (2020) indicated the role of perceived ben-
efits of sustainable investments. Niaki et al. (2019) even found financial
motives to be the primary motivators for adopting sustainability prac-
tices. Furthermore, prior studies (Adams et al., 2017; Guerra and Leite,
2021) confirmed the role of consistent and clear environmental
regulations.

4. Concluding remarks

This study investigated the perceptions of industry representatives
and end-users across Belgium, Czechia, and Slovenia, regarding the use
of alternative cement made with NORM-contained by-products. It also
sought to identify country-specific factors that affect these perceptions.
Through our analysis, we identified three key concerns among both
industry and end-users that influence their perception of alternative
cement: health, performance, economic. Notably, while health concerns
varied, performance and economic concerns were expressed consistently
across the countries. Country-specific differences related to health
concerns underscore the need for tailored approaches when promoting
alternative cement in different contexts.

In Czechia, reassuring end-users about the safety of alternative
cement requires transparency and careful communication that addresses
the historical context and its impact on current perceptions. While the
industry’s apprehension largely reflects end-users’ negative attitudes,
there is a prevailing belief that certifying authorities will not approve
the use of NORM-contained by-products in alternative cement in Cze-
chia. A strategic response is required to alter this perception, potentially
through using alternative cement in government projects and imple-
menting additional safety measures, such as radon (**?Rn) testing. Such
measures are required to gradually change negative perceptions and
assure both the industry and end-users of its safety. Similarly, in
Slovenia, perceived health concerns were high, although they resulted
from low trust in regulatory authorities. Effectively addressing these
concerns requires engaging with trusted institutions and leveraging the
best practices of countries with stringent safety regulations. Conversely,
in Belgium, a high level of trust in the safety of certified products un-
derscores the need for communication strategies that emphasise regu-
latory approval. However, over-emphasising certification might lead
consumers to question its necessity, especially if risks are perceived as
low (see Siegrist and Hartmann’s (2020) study on novel food technol-
ogies). Therefore, a nuanced approach is needed to avoid the inadver-
tent signalling of potential risks.
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Performance concerns were consistent across the countries.
Addressing these concerns requires going beyond merely complying
with the established standards. Communication strategies should focus
on highlighting endorsements from trusted institutions specialising in
building materials, such as reputable construction companies, to
enhance end-user trust in the reliability of alternative cement. Addi-
tionally, demonstrating practical real-world examples that showcase the
durability and resilience of buildings constructed with alternative
cement is critical in their decision-making process. The practicality and
ease of use of alternative cement should also be emphasised in
communications.

Finally, to effectively address the economic concerns of stakeholders
regarding the transition to alternative cement, a comprehensive
approach from governmental bodies is required. Authorities need to
implement globally standardised sustainable parameters and employ
stringent regulations, along with incentives, to ensure a balanced yet
impactful approach. This combination of regulatory measures and in-
centives is necessary in order to encourage stakeholder participation and
prevent greenwashing practices that can arise in the absence of clear
guidelines. Such governmental actions can help ensure the fair and
equitable adoption of sustainable practices across the industry.
Furthermore, government involvement in public procurement can
create economies of scale, serving as a catalyst for the successful
implementation of alternative cement in major projects.

This study has highlighted the indispensable role of authorities in
facilitating the transition to alternative cement. It calls for a concerted
effort that includes customised communication, nuanced policy strate-
gies, and strategic incentivisation, all of which are reflective of each
country’s unique context and stakeholder concerns. By exploring non-
technical perspectives, this study enriches the existing body of litera-
ture on alternative cement and extends our understanding of sustainable
practices within the construction industry.

To sum up, we derive four hypotheses from our work that could be
tested in quantitative study as future work. H1: Trust in certifying au-
thorities reduces perceived health risks. H2: Associating the use of
alternative cement with previous health-related problems increases the
perceived health risk. H3: Practical examples of the use of alternative
cement in building materials reduce the perceived performance risk. H4:
The absence of financial incentives hinders the adoption of alternative
cement.

Due to the nature of qualitative research, it is not feasible to assign
weights to the identified themes pertaining to their various concerns. We

Appendix 1

Interview Protocol Development
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recommend conducting a quantitative study as future work. Such a
study would test the hypotheses derived from this exploratory study,
evaluate the relative significance of these themes, and potentially enable
the generalisation of the findings. Furthermore, we suggest conducting a
study in a non-European context.
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The initial interview protocol was crafted in English before translation into Dutch,” Slovenian, and Czech to accommodate the linguistic differences
among the three countries. The development of the industry interview protocol ® was shaped by an extensive review of the relevant literature and
insights from both industry experts and academic researchers, ensuring its relevance and comprehensiveness. For end-users, we tailored the questions
accordingly. For example, while we asked industry representatives about their decision-making process for buying cement, we posed more general
questions to end-users about their choice of materials during the construction of their houses. We also simplified some of the terminologies, such as
changing ‘cementitious binders’ to ‘alternative cement’. We conducted five pilot studies with end-users and made necessary adjustments; for instance,
we decided not to provide examples of the by-products used because they were perceived as too technical by the participants.

By adopting a semi-structured interview approach, we oriented the conversations around a topic guide. Each section contained a series of open-
ended and potential probing questions designed to encourage detailed and reflective responses. To ease participants in the discussion, we started with
more general questions about their decision-making process when choosing cement (for industry representatives) and building materials (for end-
users). We then gradually transitioned to a discussion on sustainable building materials. Before delving into the participants’ perceptions of
cement made with NORM-contained by-products, we provided them with objective general information about the topic. This information was

7 Interviews with representatives from industry in Belgium were conducted in English since participants expressed comfort to do the interview in English.
8 Interview protocol is a structured framework that includes a list of questions and the sequence in which these questions are asked. It also encompasses guidelines
for the interviewer on how to handle different types of responses, and manage the overall direction and flow of the conversation.
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delivered in two steps. First, we explained the potential of using by-products in cement to reduce its environmental impact. In the second step, we
informed them that some of these by-products are categorised as NORM. The flexibility inherent in our semi-structured format allowed for sponta-
neous exploration of emergent themes, which were not strictly confined to the initial guide. This adaptive nature of the protocol ensured that we could
capitalise on the unforeseen, yet valuable, insights offered by participants during the interviews.

The researcher’s role was not merely to administer questions, but to actively navigate the conversation, maintaining a balance between the
intended topics and the dynamic flow of the dialogue. This approach facilitated a deep and comprehensive understanding of stakeholders’ perceptions
and attitudes towards the use of alternative cement.

Interview Protocol

Industry End-users

General

Please briefly introduce yourself and your company and explain your role &
responsibilities in the company.

Briefly explain the type of cement currently used in your production. And why is that?
- Except for [their answer to the previous question], what other factors are taken into
account when choosing the cement, you use?
What is your company’s decision-making process for choosing what cement to buy?
If they struggle to answer, ask:
- Who is usually involved in making this decision? (their role in the company)
- Would this be a lengthy process if you would like to change the type of cement you use?
@Do you take into account environmental sustainability in your decision making
process?

Please briefly introduce yourself.

What type of property are you currently building or renovating?

- Is it a place for yourself to live or rent out/sell?

Who is and/or will be living in the house with you?

- Children (number)? age?

Parents?

What criteria did you take into account when choosing the house, you are currently
living in?

What are the most important factors that you consider in choosing the products when
building/renovating your house?

-Except for [their answer], what other factors do you take into account?

Can you guide me through your decision-making process when deciding which products/
materials you choose to use for the construction of your house?

- Who is involved? (Was the architect involved? Contractor?)

- Where or from whom would you seek information?

- How long does it usually take you to make these decisions?

Environmental behaviour

How do you define environmental sustainability?
In what ways does your company affect or is affected by environmental issues?
- How do you see your company’s environmental impact? [if they don’t mention the
product (cement/concrete), ask them specifically about the impact of their products]
- How do you see the environmental impacts of your company in comparison to other
companies in your sector?
- How do you see the environmental impacts of the entire concrete and cement industry?
Do you see any changes in the demand for more environmentally sustainable products in
the market?
- Where do you see the role of price in this?
In your opinion, what can be done to tackle or deal with [above-mentioned] impacts?
@Are actions taken by your company to reduce its impact on the environment? Please
explain.
- Is it something that you do on your initiative or is it something that you are legally
obliged to or feel the pressure to do so? [pressure by who?] E.g., change in legislation or
CO,, tax
[If they mention the pressure from other actors, ask:
- Is this a fair expectation?
- Is it possible?]
So far, is there anything holding you back from taking more environmentally
sustainable actions?
What encourages you to reduce your CO3 emissions?
Where do you see the government’s role in this?
@Currently, is there any help offered by authorities to become more environmentally
sustainable? What kind of help? Is it helpful? How?
@Do you have any plans in the future to become a more environmentally sustainable
company? Why?

What comes to your mind when you hear the term ‘environmental sustainability’?

In your opinion, what are the major current environmental issues?

Do you think you and your family are affected or might be affected in the future by any of
these environmental issues?

- Who is affected?

- Who else? (You and/or your children/next generation)

- When? (In the (far) future or right now?)

- Why do you think that?

Who do you see being as most responsible for the current environmental issues?

- Are there other actors you think are responsible?

- Try to understand their opinion on the magnitude of the impacts of different actors.
@If they do not mention consumers, ask:

How do you see consumers’ role in environmental issues?

Who do you consider responsible for tackling these environmental issues?

- Do you think that enough action has been taken to solve environmental issues?

To what extent do you believe that your purchase or consumption decisions negatively
affect environmental issues?

- Why is that?

- Can you give me some examples of your actions/choices that negatively impact
environmental issues?

- Have you recently made a decision where considering environmental impacts was a part
of your decision? If so, can you explain this in an example (your way of thinking and what
product was it)?

How often have you come across environmentally friendly options when looking for
building materials?

Do you consider environmental sustainability when choosing materials/products for
building or renovating your house? | Can you give an example?

Explore their motivation (e.g., saving money, the planet, effects on human health?)

- What has mostly held you back?

- What has encouraged you?

- What will encourage you more?

How would you describe the environmental behaviour of the members of your
household?

@Some building materials are claimed to be more environmentally friendly; do you have
any idea how/why they are environmentally friendly?

- What do you think about these materials? [Just listen to what they say and if they are
short ask them why that is?]

If in the previous section they mentioned that they chose environmentally friendly
products, ask:

Do you know why ... is more environmentally friendly than the traditional form?
Have you ever purchased any cement yourself in the last 5 years?

Are you aware of the environmental impact of cement production?

Briefly explaining the alternative cement

My research aims to bridge industry and scientists who are working on new types of
cementitious binders made with 70-90% industrial by-products. Because they have a
flexible process and use different concentrations of various types of industrial by-

Now, I will talk about the product that is at the core of this research; namely, an
alternative to traditional cement. This product is currently under development and has
the potential to substitute traditional cement. To give you some background information

(continued on next page)
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(continued)
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Industry

End-users

products, the performance of these cements can be modified based on the specific
applications and industry demands. This can entail new opportunities in the concrete
industry.

Because secondary raw materials are used instead of limestone, they preserve raw
materials and contribute to the circular economy. In addition, they have the potential to
reduce CO2 emissions during production.

Before we go into details about the by-products, based on this brief information, we
would like to hear your opinion about this type of alternative cement or, in general,
about alternative cementitious binders. (Immediately ask the question below.)

about the production of cement, there are several points I want to highlight:

- Alot of raw materials are used (for the production of 1 ton of cement clinker, 1.7 tons of
raw materials such as clay and limestone are needed);

- To produce cement, very high temperatures are needed to melt the raw materials
(1500 °C), which require a significant amount of energy. This results in significant
amounts of CO, emissions.

In order to reduce emissions, this product will use less natural resources as it is made with
70-90% of by-products. These by-products replace natural resources to a certain extent
and do not require these tremendous high temperatures; therefore, they contribute to
reducing emissions during the production process. The by-products themselves come
from different industries. The final result is a new type of cement that has a flexible
process and uses different concentrations of various types of industrial by-products,
resulting in the cement performance being modified according to its composition.
Before we go into details about the by-products, we would like to hear your opinion
about this type of alternative cement.

Perception of the product

What are the main criteria that would affect your opinion to consider using these types of
new binders in your production?
-[Mechanical properties, Sustainability Regulation? Standards]
-Whose approval of this product would matter to you? (Scientists, government, major
companies, experts in your company, concrete federation, etc.)
If they were negative towards this alternative cement, ask:
Under what circumstances might it be worthwhile for your company to switch to
cement?
OR Do you think you may consider this in the future? What may change in the future?
Do you think contractors and architects will be in favour of or against this product?
- What about the public?
What types of companies do you expect would buy/use this product?
Will the actions of other companies influence yours?

As mentioned earlier, this cement can be made with various industrial by-products, some
of which you might be familiar with, such as metal slag (e.g., copper slag) and
phosphogypsum (a by-product in the phosphorus fertiliser industry).

Similar to some other by-products that are currently being used, such as fly ash, the
enhanced level of natural radioactivity of these by-products adds to the importance of
recycling them; for example, using them in cementitious binders.

The goals in developing these new types of cementitious binders are to become closer to
carbon neutrality and to improve the mechanical properties of these binders. Of course,
it is not possible to have all beneficial properties at the same time. As previously
mentioned, the properties and environmental profile would vary depending on the
configuration.

What are your thoughts on this product?

What criteria in this cement would matter to you if you were to consider it when building
your house?

-What other criteria will you consider in making this decision (price, quality, safety,
etc.)?

-What [else] might hold you back? [Why do you think ... might be a problem?]

-What [else] might encourage you?

Whose approval of this product do you take into consideration? (Scientists, government,
construction companies, producers, family/friends)

- If they are unsure:

If this type of cement is used in most newly built houses, will you be more open to this
product? Why?

- If they are negative:

Do you think your opinion might change in the future? Why?

As I mentioned earlier, this cement can be made with various industrial by-products;
some have already been used in lower quantities in cement production.

Similar to some other by-products that are currently being used in the cement/concrete
production, the radioactivity of these by-products adds to the importance of recycling
them.

The goal of developing these new types of cement is not only the environmental aspects
such as reducing CO, emissions, depletion of raw material and recycling by-products, but
also improving the mechanical properties of cement. Of course, it is not possible to have
all beneficial properties at the same time. As I mentioned, the mechanical properties and
the environmental profile would vary depending on the configuration.

Ask the same questions in the previous section
Given the information that you now have, what are your thoughts about this product?

Finally ask these:

@What do you think of the fact that the by-products used in these cementitious binders
have enhanced levels of radioactivity?

Who do you think will be most concerned about the radioactivity of the by-products
used in this alternative binder? (Contractors, home-owners, government, workers,
producers?)

+

Finally, ask these:

What is your opinion on radiation? What comes to mind if you hear the word ‘radiation’?
Are you aware of being exposed to radiation in your everyday life?

- Can you give me examples of types of radiation?

Do you expect any risks related to the radioactivity of the residues used to produce this
cement? Can you explain this further?

- If yes: Who will be the most at risk?

Can you explain this further, with an example?

If there are questions that you didn’t have a chance to cover, ask:
This covers most of what we needed to know, but there are a couple of specific questions that I want to ask before we finish.

We have covered everything. We are just at the beginning of this research and would be
interested in hearing if you have any thoughts about what you think would be
interesting for us to pursue, kind of angles, or questions.

It can be challenging to find the right company and the right person in that company to
talk to. I was wondering if there is anyone specific that you think it would be beneficial
for us to talk to?

Thank you again for your time. I ensure that your data will be kept strictly confidential.

We have covered everything.

We are just at the beginning of this research and would be really interested to hear if you
have any thoughts about what you think would be interesting for me to pursue, kind of
angles, or questions.

Thank you again for participating. I ensure that your data will be kept strictly
confidential.

@: This symbol means that this question might have been covered in the previous answer.

Data availability
Data will be made available on request.
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