/.
‘ B Ref. Ares(2024)708027 - 30/01/2024
(>

“ \ Vector Deliverable 3.3

U R Vectors to Accessible Critical Raw Material
Resources in Sedimentary Basins

10.6084/m9.figshare.25101944

VECTOR DELIVERABLE D3.3

How values shape the perceived needs for Critical
Raw Materials: Results of a pilot study

Summary:
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1. INTRODUCTION

1.1 DECARBONISING EUROPE AND EUROPE'S GREEN DEAL

In line with the overarching goal of the Paris Agreement to limit global warming to 1.5°C, the
European Union (EU) has a long-term strategy to become climate neutral by 2050. To achieve
this, the EU has set an interim target to reduce greenhouse gas emissions to at least 55% by
2030, compared to 1990 levels (Fetting, 2020). Typically, Europe’s climate policies are the
product of a blend between internally developed climate policies and targets, which need to
be achieved by member states and externally negotiated international agreements brokered
by Europe as a global climate player (Rayner & Jordan, 2016; Delreux & Ohler, 2019).

The Green Deal is Europe’s response to the global climate crisis and was launched in 2019.
The Green Deal is a policy package that forms Europe’s roadmap to meet targets and achieve
a net-zero greenhouse gas emissions economy by 2025 (Baicu et al., 2022). The Green Deal
is a set of policy interventions that aims to decarbonise Europe (largely by means of
renewable energy and resource efficiency), while simultaneously addressing social
challenges (e.g., ensuring employment and generally minimising negative social impacts),
and reducing economic inequality (Panarello & Gatto, 2023). EU policies are not developed
in isolation - they are either developed within the framework of international commitments
or invoke international commitments to further their specific interests in internal
policymaking (Skjeerseth, 2021). The Paris Agreement is an example of an international treaty
on climate change that influenced the development of The European Green Deal.

To decarbonize Europe, fossil fuels need to rapidly be phased out. Worldwide, fossil fuels
account for more than 80% of the world’s energy consumption (Hassan et al. 2021). Fossil
fuels have also largely been associated with negative social and environmental impacts
(Taghizadeh-Hesary et al. 2021; Perera & Nadau, 2022). In Europe, fossil fuels account for
nearly 70% of primary energy consumption (Sénnichsen, 2024). The EU is very active around
environmental protection, this is characterised by its formulation of policies that ensure that
the health and well-being of citizens are preserved, and natural resources are protected
(Cifuentes-Faura, 2022). The European Green Deal recognises that the energy sector plays a
critical role for the EU to meet its 2050 targets and the EU aims to increase the share of
renewable energy to at least 40% by 2030. In addition, the EU plans to have at least 30 million
zero emission vehicles operating on its roads by 2030, and 60 million extra heat pumps
installed in residential buildings by 2030. All these low-carbon technologies require an
increased supply of raw materials, such as lithium, copper, and rare earth elements (REEs)
which means that the mining sector also plays a role in Europe’s decarbonization process.
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1.2 THE ROLE OF CRITICAL RAW MATERIALS IN DECARBONISING EUROPE

In Europe, Critical Raw Materials (CRMs) are classified as those raw materials which are
economically and strategically important for the European economy and have a high-risk
associated with their supply (European Commission, 2023). The European Commission
recently published the Critical Raw Materials Act 2023 to boost Europe’s domestic capacities
along all stages of the value chain. The Act has four key benchmarks designed to aid
diversification of EU supplies: extraction, processing, recycling and external supplies. In the
Critical Raw Materials Act 2023, 34 CRMs are listed, which are five more than in the latest list
from 2020 (see Figure 1). These include 16 “strategic” raw materials, such as copper and
nickel. which are proposed so emphasis their use in strategic technologies underpinning the
green and digital transitions, and the defence and space sectors.

Antimony Feldspar Magnesium Strontium
metal
Bismuth Helium Phosphate
rock
Arsenic Fluorspar Manganese Tantalum
Boron Heavy -
metallurgy rare earth Phosphorus
grade elements* N | .
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Figure 1. Proposed 34 CRMs in the Critical Raw Materials Act, 2023. Source: (European Commission,
2023). Note: b.g. = battery grade; * = rare earth elements for magnets (neodymium, praseodymium,
terbium, dysprosium, gadolinium, samarium, and cerium are strategic CRMs.

With a rise of the demand for CRMs as a result of Europe’s Green Deal’s decarbonisation
targets, the EU increasingly depends on external supplies (European Commission, 2023; Le
Mouel & Poitiers, 2023). While moderate quantities of some CRMs have been found within
the EU such as hafnium (79% of Europe’s consumption is sourced in France), and strontium
(31% of Europe’s consumption is sourced in Spain) (see Figure 2), and there is potential for
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finding more, Europe currently relies heavily on imports from other countries, some of whom
have very high quantities of CRMs in their domain. For example, Europe relies for almost
100% on import for REEs primarily from China (European Commission, 2023). Worldwide
reserves of REEs amount to approximately 130 million metric tons, China has an estimated
44 million metric tons of these reserves, which is roughly 34% of the world’s reserves (US
Geological Survey, 2023).
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Figure 2. Distribution of major EU suppliers of CRMs (2023) and their level of governance. Source:
Raw Materials Information System (RMIS, 2023).

1.3 THE ROLE OF THE GENERAL PUBLIC IN EUROPE'S DECARBONISATION PROCESS

Doran et al. (2023) note that to achieve a substantial reduction in CO; emissions, there is the
need for many socio-technological innovations that will require the contributions of various
actors (e.g., policy makers, industry decision makers, non-governmental organisations, and
members of the general public), each of whom have a potentially unique set of beliefs,
interests, and strategies.

Members of the general public, and especially those with a high-socioeconomic-status are
disproportionally responsible for a larger proportion of carbon emissions. In addition, they
are well positioned to influence the actions of other individuals, organizations and political
systems. We focus on members of the general public, who have multiple roles in this process.
Nielsen, Nicholas, Creutzig, Dietz, and Stern (2021) specify five roles that the public may take
in this context (See Figure 3).

VECTOR - Deliverable 3.3 - The role of values for the perceived need of Critical Raw Materials 5
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Figure 3. Five roles that member of the general public can take in the decarbonisation process
(adapted from Nielsen et al., 2021).

Role as consumer. People consume all sorts of products and engage in behaviours that result
in carbon emissions. In addition, the products that they use require Earth resources, such as
raw materials. Through their choices and changes in their consumption behaviours,
consumers can influence the amount of carbon emissions they are responsible for as well
as how many Earth resources, such as fossil fuels and raw materials, they consume, use, and
recycle.

Role as citizen. This role refers to any activity and engagement that is aimed at steering the
public debate or otherwise engage in politics. This can be voting behaviour, protesting, or
expressing one's opinion for example on social media. But it can also involve more “silent”
behaviour such as donating money to a certain cause or signing a petition.

Role as role model. The decisions people take, opinions they express, or behaviours they
engage in, are often visible by others, and therefore can serve a social norm. In essence,
social norms act as cues for people in social situations surrounding what actions are
(dis)approved or expected within society (Cialdini & Goldstein, 2004), and people have a
tendency to comply with social norms (Schultz, Nolan, Cialdini, Goldstein, & Griskevicius,
2018).

Role as organisational participant. Many people are regularly engaged in organisations, for
example through their work or other engagement activities. This means that people are in
the situation where they may be able to influence or change organisations and
organisational decisions.
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Role as investor. In capitalist societies, citizens sometimes have a substantial influence on
organisations through private investments in these organisations. This can be direct
influence, for example through the ownership of private stocks, or indirectly through the
membership in organisations that invest their money, such as pensions funds.

In this report, we focus on members of the public without specifying the role that they play.
However, it is important to note that these roles exist and that they can have a real impact
on others’ behaviours, policy decisions, and organisational practices.

2. AIMOF THIS REPORT

The aim of the study is to investigate how members of the general public perceive the need
for CRMs in the context of Europe’s decarbonisation targets. Specifically, we focus on how
values and perceived value similarity shape these perceptions, as well as how business
practices of key stakeholders in this process are assessed.

As energy decisions are highly based on ethical or moral decisions, we are especially
interested in the ethical judgements of members of the general public about the role and
decisions of key stakeholders. Many stakeholders are involved in the decarbonisation of
Europe. Many sectors have to reduce their carbon footprint which requires changes in their
business models, organisational practices, and supply chains. In this report, we focus on how
members of the general public assess the role and decisions of key stakeholders in this
process, and how they perceive the need for CRMs in the context of Europe’s Green Deal.

We focus on the mining sector, which is the primary source of CRMs, but has a reputation of
being unsustainable, is often involved in unethical practices, and sometimes causes local
conflicts (Sovacool et al., 2020). As a result, the mining sector is often seen as unethical, and
many people are opposed to the mining industry (Mason, Paxton, Parsons, Parr, & Moffat,
2014; Moffat & Zhang, 2014). It may well be that, as a result of opposition, the need for CRMs
is resisted or denied. To put this analysis in perspective, we also compare how ethical
judgements about the mining sector compare to the assessment of other key stakeholders
in Europe’s Green Transition. The results of this report provide insights of relevance to these
stakeholders, especially the mining sector, as to if and how they may be able to adjust their
practices and decision processes to better respond to public perceptions.

It has been argued that energy decisions, which include the extraction of raw materials, must
be seen as ethical or moral decisions (Sovacool et al., 2020; Sovacool, Heffron, McCauley, &
Goldthau, 2016; Taebi, 2017). Organisational ethics are moral principles and standards that
guide behaviour in the world of organisations (Ferrell & Fraedrich, 1997). The literature offers
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many takes on how ethical organisational practices are formed and how they influence
organisational decisions and practices (Sparks & Pan, 2009). For example, Hunt and Vitell
(1986; 2016) theorise how ethical judgements in organisations provide cognitive input into
decisions and behaviours. Itis equally important to understand how members of the general
public assess organisational decisions and practices. This is important for organisations, as
they often rely being positively perceived by the general public, but also, as explained above,
because members of the general public can have a substantial influence on organisational
decisions and practices.

There are many scholarly discussions about how ethical judgements should be defined (e.g.,
see Sparks & Pan, 2009 for a discussion). However, there seems to be a consensus across
them that ethical judgements include an assessment about how “right or wrong”, “good or
bad”, or “moral or immoral” something is. In this report, we adopt the definition of ethical
judgement proposed by Reidenbach and Robin (1990, p. 634), who define ethical judgements
as “the degree to which a portrayal, event, or behaviour is morally acceptable to the
individual.”. In this report, we aim to understand in more detail what ethical judgements of
organisations depend on and how this influences trust in organisations. Specifically, we aim

to understand how these judgements are underpinned by values.

This research is part of the larger EU funded project - VECTOR - which examines the complex
social, environmental, and technical challenges associated with the domestic sourcing of
CRMs in the EU.

3. PILOT SURVEY AND DATA COLLECTION

In this report, the results of a pilot study, which is the prelude to a large-scale survey, are
presented. The pilot study consisted of two parts of data collection on two different online
platforms: on online survey which was linked to a more interactive online platform (the so-
called “simulator”). Both platforms are described below in more detail. The first aim of the
pilot was to test the technical links between both platforms. It also provides us with sufficient
data to draw preliminary conclusions about the role of values in shaping the perceived need
for CRMs, whilst being able to test specific survey questions in terms of scale reliability and
general understanding. A pilot was needed to conduct power calculations for future data
collection.
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3.1 SURVEY

We conducted an online survey in to examine the role of values in shaping the perceived
need for CRMs. Ethical approval was provided by the Office of Research Ethics at University
College Dublin and the data collection complied with the General Aspects of the General Data
Protection Act (GDPA) and ethic requirements provided by the European Union.

Data collection was administered by a panel company called Academic Prolific. Panel
companies manage panels of people who voluntarily sign up to fill out online surveys in
return for a financial reward. Generally, the use of a panel company allows the selection of
representative samples of specific target populations. Prolific Academic specifically was
chosen because they have representative panels for various European countries. Prolific
Academic provides us with the opportunity to carry out a broader future survey using the
same contractor in other European countries. Also, when compared to other panel
companies, they have a high standard to control for selecting panel members, which is
important for the quality of the data. Two attention checks were included in the survey, and
participants who failed to answer these questions correctly were removed from the final
analysis.

Data was collected in January 2024, Our sample consisted of a representative sample of the
Republic of Ireland. In total, 81 people filled out the survey. We had a representation of each
of the 26 counties of the Republic of Ireland, with a higher representation of the counties
with large populations (specifically Dublin N = 23 and Cork N = 12). About one third of the
sample indicated to live in a rural area (N = 20), a town (defined as population between 1,500
and 10,000; N = 34), or in an urban area (defined as a population over 10,000; N = 27). Thirty-
eight respondents identified as female, 41 as male and 2 as “other”. The mean age was 40
years (range between 18 - 76; SD = 12.7). Income and educational levels were representative
for the population in the Republic of Ireland.

The survey began with a description of the research aims and asked respondents to consent
to participating. Then four blocks of questions were presented. Firstly, participants provided
information about their socio-demographic background and location. After that, values were
measured, which were intentionally placed at the beginning of the survey to avoid priming
effects.

At the start of the third block, Europe’s decarbonization goals and Europe’s Green Deal was
explained and introduced. The energy, transport, and heating sectors were identified in the

' To comply with GDPR and UCD ethics guidelines the survey is available on request from the first author.
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survey text as among the largest contributors to greenhouse gas emissions in the EU and
that the EU is promoting low-carbon technologies such as wind turbines, solar photovoltaic
panels, electric vehicles, and heat pumps. We then continued to explain that these low-
carbon technologies require an increased supply of raw materials, such as lithium, copper,
and rare earth metals. This introduction was to set the scene and provide the context of the
following questions. We then asked participants to assess five key stakeholders (i.e., the
European Commission, renewable energy sector, mining sector, transport sector, and
building sector) on “perceived ethics”, the importance of their role in Europe’s
decarbonisation process (“perceived importance”) and trustworthiness. The definitions and
exact wording of these questions are described in the results sections below. It is important
to note that the items to assess the sectors were mixed in one large set of items and the
sectors were presented in a random order to the participants. After this we also measured
“value similarity” which is an indication of the extent to which respondents felt they had
(dis)similar values to managers who work in these five sectors.

In the last block, we asked questions about their awareness of climate change, perceived
importance of decarbonization in Europe and the “perceived need for CRMs”. These
questions were mixed and were mainly included to test some items and questions for later
use in the larger scale survey. Respondents were then asked to generate a unique identifier
code (see Section 3.3) and they were automatically transferred to the “simulator”, which was
based on a different platform (see Section 3.2). Part of the reason to do the pilot study was
to test the integration of the two software platforms. Also, because we have no means to
“force” participants to continue with the simulator, we needed an indication how many
people would drop out. In this pilot, 20 out of the 81 people proceeded to and completed
the simulator, which means close to a 25% uptake. The results from the simulator provide
important information for future work, but not sufficient for full analysis of the current pilot
dataset.

For this report, we are primarily interested in the assessment of the mining sector, however
we included the other four sectors for two reasons. Firstly, including the other sectors
enables us to provide a context of how the mining sector is assessed. Secondly, the questions
will help the participants to reflect on these sectors, which is important for the decisions they
are presented with the “simulator” (see Section 3.2).
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3.2 ONLINE SIMULATOR

An online simulator was created on a platform called Delib? which is an online platform that
specialises in designing citizen engagement platforms. On these platforms, participants are
asked to consider choice situations under different circumstances, whereby the simulator
visualises various options and consequences of choices. According to Sheppard (2005), visual
communication accelerates social learning and has the potential to highlight choices that
underlie choice situations. Moreover, abstract choices and situations, like climate change,
can be made more concrete when people are provided with tangible examples, such as the
impact of climate change (Smith & Joffe, 2009)

For this project, a simulator was created that aims to visualise the complex interaction
between three components that are important to decarbonise Europe®. These are 1) the
targets set in Europe’s Green Deal, 2) five low-carbon technologies being proposed by the
EU, and 3) the increasing need for CRMs. Specifically, the simulator visualises how the EU’s
climate targets can be met with the increase of low-carbon technologies, and on the other
hand, what the implications are for the demand on CRMs. The simulator was created as an
interactive process, which involved various steps®. Two rounds of pilot testing were
conducted.

When respondents enter the simulator, they saw an introduction to the simulator. This
comprised of a description of Europe’s decarbonisation targets and its Green Deal. The
introduction page also showed a short video that respondents could click on to introduce
the purpose, aim and function of the simulator. They could then click on “start” to enter the
simulator.

On entering the simulator, people were given 200 points (see Figure 4). The task that was
given to participants was to “reduce the points to zero to ensure the EU is on its way to meet
its 2030 Green Deal targets without unnecessary extra costs” (see Figure 4). Respondents
saw five different sliders that were linked to a policy focus on five low-carbon technologies:
offshore wind energy, onshore wind energy, solar energy, electric vehicles, and heat pumps.
The sliders ranged from -10 to 70, and as a default were set at zero. By moving the sliders to
the right, respondents could “spend points” (max 70 points; the slider would turn green),
which indicated an increased policy focus on a technology. By moving the sliders to the left,
respondents would “gain points” (max 10 points; the slider would turn red), which indicated
areduced policy focus on a technology. When moving the slider, the “consequences” in terms

2 https://www.delib.net/
3 The simulator will be available via https://green-transition.prioritysimulator.com/
4 The dataset will be available via http://doi.org/10.6084/m9.figshare.25101944.
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of demand in CRMs were explained (or a detailed description and background calculations
of the point system, please see Appendix A). There were options to click on extra information
for each of the policy focuses as well as for the consequences in terms of CRMs where more
detailed information was given (for a detailed description and background calculations of
these consequences, see Appendix B.

As said, respondents were tasked to spend 200 points. If they spent less, it was indicated
that they would not meet the target because Europe’s Green Deal would not be achieved. If
they spent more, it was indicated that they would not meet the target because it would pose
unnecessary extra costs. When they set the sliders so that they would exactly spend all 200
points, it was indicated that the target was met, and they could move on to the last slide. On
the last slide they saw an overview of their choices (i.e., preference for policy foci) and the
consequences of their choices in terms of CRMs. Participants could go back and make
changes if preferred or choose to finalise and continue. This brought them to the final page,
where they were asked to provide a unique identifier code (see Section 3.3) and upon
submission, the simulator would close.

Points Spent Points Remaining

Your task: Reduce the points to zero to 110
ensure the EU is on its way to meet the
2030 Green Deal targets without

unnecessary extra costs.

-10 0 10 20 30 40 50 60 70 Consequences

EU Policy interventions on Energy Supply, . L " 3 times more copper and 2 times more rare earth
Policy focus on Offshore wind ener: PP
Private Transport & Heating ' Y vy elements will be needed to build additional offshore
wind turbines, compared to fossil fuel -powered

(L e @ o o . . plants. More
i Policy Focus on Onshore wind energy 4 times mO(e copper and 3 limes mO(_e rare earth
elements will be needed to build additional onshore
wind turbines, compared to fossil fuel-powered
(o . . v . . plants. More
i Policy Focus on Solar Energy Slightly less copper and 3 times less gallium and
indium will be needed to build fewer solar PV power
0 - - - - - - - plants, compared to fossil fuel-powered plants. More
i Policy focus on Electric Vehicles 2 times more copper and 4 times more lithium will be

needed to produce additional electric vehicles,
compared to conventional cars with internal

[ . ( W ° v h e combustion engines. More
i Policy Focus on Heat pumps for residential buildings 8 times more copper will be needed to produce
additional heat pumps, compared to fossil fuel
boilers. More

T ¢

Your comments on EU Policy interventions on Energy Supply, Private Transport & Heating (Optional)

Figure 4. Screenshot of the screen participants see when entering the simulator.

VECTOR - Deliverable 3.3 - The role of values for the perceived need of Critical Raw Materials 12
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3.3 LINKING DATA FROM SURVEY AND SIMULATOR

For data analysis it is important that for each respondent the data collected from the survey
and the simulator could be linked. To ensure participants anonymity we asked respondents
to generate a unique identifier code at the end of the survey and we asked them the same
at the end of the simulator. This unique identifier code was based on three questions (e.g.,
what are the first two letters of the colour of your eyes), and they were asked to combine
their answers into one unique code with 2 digits and 5 letters. This appeared to be a
successful method, for all respondents who filled out the simulator, data could be linked
anonymously to their survey data.

4. RESULTS

4.1 VALUES AND THE PERCEIVED NEED FOR CRMS

We are interested to see how valued shape the perceived need for CRMS in the context of
Europe’s decarbonisation targets. Values are defined as guiding principles in one’s life
(Schwartz, 1992), and have been shown to underpin risk perception, ethical dilemmas, and
policy decisions (de Groot, Steg, & Poortinga, 2013; Seligman, Syme, & Gilchrist, 1994; Steg,
Dreijerink, & Abrahamse, 2006). Values are particularly important when difficult decisions
require trade-offs to be made (Fiske & Tetlock, 2002; Retief, Morrison-Saunders, Geneletti, &
Pope, 2013). The increasing demand for CRMs to support Europe’s target to decarbonise by
2050 can be interpreted as a trade-off decision. To meet the decarbonisation targets, more
CRMs are needed. These CRMs cannot currently be provided through recycling alone, and
thus, a solution must be found to supply Europe with sufficient CRMs from primary sources
(i.e., mining).

4.1.1 Perceived needs for CRMs

A perceived need for something refers to a person’s own judgement of a perceived necessity
for, or benefits of, a particular service or goods (Cohen-Mansfield & Frank, 2008). This means
that the perceived needs for CRM can be interpreted as the need for raw materials to supply
the rising demand for CRMs in the decarbonisation of Europe. However, it may also be
related to the “perceived importance” of the role that the mining sector plays in general in
the decarbonisation process. In our pilot study we examine how both forms of perceived
needs are related to people’s values.
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4.1.2 Schwartz value theory

One of the most widely used value theories has been developed by Schwartz and his
colleagues (Bilsky & Schwartz, 1994; Schwartz, 1992). Values have a few important
characteristics that distinguish them from attitudes and beliefs. First, values reflect beliefs
on the desirability of a certain end-state and therefore function as general predictors for
attitudes, intentions, and behaviour. Secondly, values are abstract in nature. This means that
values are not only applied in specific situations, instead they are relevant for assessing
decisions in a broad context. Finally, values are relatively stable over time because they are
abstract.

Schwartz proposed a general classification of ten universal values. These ten value types can
be divided in a two-dimensional space to create four separate value clusters (see Figure 5).
This higher order classification of Schwartz' values is of most relevance for our research. The
closer values are to each other in this two-dimensional space, the more compatible they are
with one another. The four value clusters are self-enhancement values (characterised by the
pursuit of self-interest or egoistic goals, such as wealth, power, materialism), self-
transcendence values (characterised by a concern for the welfare of others or altruism, such
as social justice, environmental protection), openness to change (characterised by an
openness and willingness to accept changes and new ideas or try new experiences), and
conservation (characterised by a conventional, traditional, or established ways of thinking
and behaving).

* Self-
Transcendence

Openness to
Change |

Self-

Direction | “ypiversalism

Stimulation
Benevolence

Achievement

Security Conservation

Self-
Enhancement

Figure 5. Ten values that form four value clusters, indicated by the different colours, in a two-
dimensional space (Adapted from Bilsky & Schwartz, 1994).
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4.1.3 Survey measurements and results

Following our reasoning from above, the perceived need for CRMs was measured in two
different ways. Firstly, we assumed that the perceived need for CRMs could related to the
perceived use of CRMs in technologies and an awareness that the demand for CRMs is
increasing. We measured “perceived need for CRMs” with three items in the online survey:
“We need raw materials to build more batteries for Electric Vehicles”, “I support the import
of raw materials from countries outside Europe, like China and Chile, if that helps to make
Europe carbon-neutral by 2050”, and “We need raw materials to build more renewable
energy sources like wind turbines and solar panels”. Survey participants scored the items on
a 7-point scale that ranged from 1 = “| totally disagree “to 7 = "I fully agree”. Together the
items formed a reliable scale indicated by a Cronbach’s alpha > 0.70, and the average score
of the three items is further used for the analysis (M = 4.9; SD = 1.3).

Secondly, we argued that the perceived need for CRMs can be inferred from how important
the participants regarded the role of the mining sector in decarbonisation. We asked people
to assess the role of the mining sector in making Europe carbon neutral on a range of
different factors (“perceived importance”). One of the factors was the extent to which the
mining sector plays and important role in decarbonising Europe. A 7-point semantic
differential scale was used: “they do/ do not play an important role”; they are obstructive/
constructive in decarbonising Europe”; they are “an insignificant/ key player”. The reliability
of the scale was acceptable (M = 4.3; SD = 1.18).

To measure the higher-order Schwartz values, we used the 21-item Portrait Value
Questionnaire (PVQ) (Schwartz, 2003). The PVQ has been tested and validated across various
samples around the world and is considered a robust way to measure values (Verkasalo,
Lénnquist, Lipsanen, & Helkama, 2009). In the PVQ, people see short statements that
describe another person’s goals, aspirations, or wishes that implicitly relates to the
importance of a value. The description is tailored towards participants’ gender identification,
meaning that there is a male and female version of each set of questions. We have added a
“neutral” set of question too, for those who identify as non-binary. For each description,
people indicate how similar the person in the portrait is to themselves on a 6-item scale that
ranges from 1 = “very much like me” to 6 = “not like me at all".

The importance of each value can be inferred from the self-reported similarity (see Figure
5), and we calculated the average scores of the items for the four values “self-transcendence”,

5 As this was a pilot study, we designed multiple items to measure the perceived need for CRMs. We conducted
a Principal Component Analysis (PCA) to define a reliable scale.
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“self-enhancement”, “openness to change”, and “conservation” accordingly (Schwartz, 2003).
The Cronbach’s alphas for the four value clusters were acceptable (i.e., >0.70) with one
exception. The Cronbach’s alpha for conservatism was low, however lower internal reliability
can be expected because some values have conceptually broad definitions that cover several
factors with wide diversity (Schwartz, 2012). Finally, in line with the recommendations of
Schwartz (2003), the values were corrected for individual differences in the response scale
via individual mean centering.

Two linear regression analyses were conducted to examine how values related to the
“perceived need for CRMs” and “perceived importance” of the mining sector in the
decarbonisation process (2) (see Table 1). Overall, values explained 14% of the variance in
the perceived need for CRMs (F (4.76) = 3.00, p = .023) and 13% of the variance in the
perceived importance of the mining sector (F (4, 76) = 2.88, p = .028).

Table 1. Results of regression analysis to examine how values explain the perceived need for CRMs in
the context of Europe's Green Deal.

Perceived need Perceived importance of
for CRMs in the context of mining sector in the context
Europe’s decarbonisation of Europe’s decarbonisation
Model B t p B t p
Self-transcendence Values -0.23 -1.89 .062 -0.37 -3.04 .003
Self-enhancement Values 0.18 1.48 143 0.23 1.85 .067
Openness to change 0.07 0.55 .583 -0.02 -0.22 .821
Conservation 0.27 2.24 .028 0.17 1.44 153
F (4,76)=3.00, p=.023; F(4,76)=2.88, p=.028;
R*=0.14 R*=0.13

Most notable is that people who have a strong concern for the welfare of others or altruism
(strong self-transcendence values) do not perceive much need for CRMs in Europe’s
decarbonisation nor do they perceive the role of the mining sector as important in the
decarbonisation process (see Table 1). In contrast, those who are in pursuit self-interest or
egoistic goals (self-enhancement) perceive the mining sector as an important player in
Europe’s decarbonisation process. This is relevant because self-transcendent values are
often associated with people who have pro-environmental attitudes and behaviours, while
the opposite is true for those who have strong self-enhancement values (De Groot & Steg,
2008; Dietz, 2023; Dietz, Stern, & Guagnano, 2000; Steg, Bolderdijk, Keizer, & Perlaviciute,
2014). Indeed, when comparing the perceived importance of the mining sector with that of
the renewable energy sector, the transport sector, the building sector, and the European
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Commission, the mining sector is seen as the least important in Europe’s decarbonisation
process (F (4, 77) = 35.60 = p< .001; see Figure 6).
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Figure 6. Assessment of the perceived importance of five stakeholders. Note: Within-subjects
contrast is indicated by ** p<. 01 and *** p<, 001, with “mining sector” as reference point.

The next question is: if self-transcendent and self-enhancement values underpin the
perceived need for CRMs, is that reflected in their policy preferences? In the information
given in the simulator, heat pumps require the largest amount of extra copper out of all five
technologies. Unfortunately, the sample size of those who filled out the simulator is not
sufficient for full analysis. However, we examined the correlations between values and policy
preferences to get an impression of the relationships between them (see Table 2).

Table 2. Pearson’s correlations between values and policy preferences.

Self- Self- Openness to  Conservatism
Policy focuses transcendence enhancement change
Offshore wind energy -0.429 0.181 0.015 -0.073
Onshore wind energy -0.048 0.087 0.193 -0.050
Solar energy -0.188 -0.076 -0.018 -0.207
Electric Vehicles 0.284 0.113 0.040 0.390
Heat pumps 0.249 -0.273 -0.201 -0.131

Note: these are preliminary results based on a very small sample size (N=20).

The pattern that emerges for the correlations on preference for heat pumps is that those
with a strong concern for the welfare of others or altruism (strong self-transcendence values)
have an increased in policy focus on heat pumps, whereas those with strong self-
enhancement values seem to prefer a decrease in policy focus. In addition, those with strong
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self-transcendence values also appear to prefer a focus on offshore wind energy. A first
preliminary conclusion could be that people make different evaluations and decisions when
information is presented to them differently: when assessing the need for CRMs in isolation
there seemed to be a stronger denial of the need for CRMs than when assessing this need
in the context of meeting Europe’s Green Deal’s targets. Similar results were found in other
studies, whereby policy choices differed when made in isolation or when assessed in a
context (Schuitema & Steg, 2008). As part of our follow up research, we intent to validate
these conclusions further.

4.2 VALUE SIMILARITY, TRUST, AND PERCEIVED ETHIC

4.2.1 Value similarity

When people, decision-makers or organisations who are involved in a particular decision
prioritise different values, conflicts and misunderstanding are often the result. It is in such
cases people become concerned about their participation in the process not just with the
outcome and thus, strong emotions are usually associated with values-based or moral trade-
offs (Baron & Spranca, 1997). The idea that people, decision-makers, or organisations can
have shared or opposing values has been explored in different disciplines using different
perspectives. For example, the concept of value pluralism is the foundation of ecological
economics and refers to the recognition that valuation of the environment involves dealing
with multiple and often conflicting values and valuation languages and that values can be
incommensurable, which means that different forms of value cannot be compared and
exchanged using a metric such as money (Fiske & Tetlock, 2002; Holland, 2002; Isacs, Kenter,
Wetterstrand, & Katzeff, 2023). From an organisational perspective the concept of Shared
Value® is often used. Shared Value is defined as policies and operating practices that enhance
the competitiveness of a company while simultaneously enhancing the economic and social
conditions in the communities in which it operates (Porter & Kramer, 2011).

Taking the individual perspective, Earle and Cvetkovich (1995) introduced the concept of
value-similarity, which is based on the idea that people’s judgements are often based on
whether they feel that other people, stakeholders, or organisations have similar values.
Several studies have shown how value-similarity influences people’s judgements of policy,
institutional and organisational decisions. For example, when people value-similarity was
higher with a typical manager of a multinational company, more benefits of nuclear power
were observed (Siegrist, Cvetkovich, & Roth, 2000). Similarly when more value-similarity witth

6 Other partners in VECTOR project focus explicitly on the potential to create Shared Value from a business
perspective.
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forest fire managers was felt, more support for wild-fire management was seen (Vaske,
Absher, & Bright, 2007).

Research has also shown that value-similarity influences trust in organisations and
institutions (Poortinga & Pidgeon, 2003, 2006; Siegrist et al., 2000; Vaske et al., 2007). When
there is a weak feeling of value-similarity, discomfort with a decision may be felt. In contrast,
if people feel high value-similarity, they tend to trust policy makers, institutions, and
organisations more, and as a result there is an increasing support for their policy,
institutional and organisational decisions. Similarly, value-similarity may also strengthen the
sense of moral judgement that a decision is the “right” one to take. As a result, trust and
moral judgements are often used as a heuristic and form the basis of decisions instead of
more “rational” assessments of the outcomes.

4.2.2 Trust

Trust refers to people’s willingness to rely on those who are responsible for delivering
policies as a result of expecting beneficial outcomes from them (Siegrist et al., 2000). Dietz
(2023) explains that trust is the glue that holds society together. If one is dependent on
decisions made by others, the ability to predict these actions and rely on them become
essential. Therefore, trust in institutions, stakeholders, or individuals is key to facilitate the
overall working of processes, policy decisions and systems (Slovic, Finucane, Peters, &
MacGregor, 2007). Empirical findings suggest a direct as well as indirect positive relationship
between trust in organisations and the judgement of decisions and policy support (Poortinga
& Pidgeon, 2006; Rodriguez-Sanchez, Schuitema, Claudy, & Sancho-Esper, 2018; Siegrist et
al., 2000).

Trust is a multidimensional concept which is subject of many scholarly debates (for a review,
see Poortinga & Pidgeon, 2003). However, generally, there is consensus that three
dimensions underpin trust, that is, a form of perceived competence, perceived integrity, and
perceived benevolence (Grimmelikhuijsen & Knies, 2015). Perceived competence refers to
the extent to which someone perceives an organisation to be capable, effective, skilful, and
professional; perceived benevolence refers to the extent to which someone perceives an
organization to care about the welfare of the public and to be motivated to act in the public
interest; and perceived integrity refers to the extent to which a person perceives an
organization to be sincere, to tell the truth, and to fulfil its promises. It is important to
distinguish these three dimensions of trust, as they may differently influence the judgements
that people have (Kitt, Axsen, Long, & Rhodes, 2021; Terwel, Harinck, Ellemers, & Daamen,
2009).
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To recap, research has shown people trust organisations more if they feel that they have
similar values (and vice versa). Research has also shown that trust influences how people
assess organisations. This suggests that there is a mediation effect, and our first aim is to
test this. Our second aim is to test if all three dimensions of trust are mediators in this
process.

4.2.3 Survey measurements and results

We based our measure of value similarity on the work by Earle and Cvetkovich and
colleagues (Earle & Cvetkovich, 1995; Siegrist et al., 2000)). The question was introduced as
follows: “different people work in the management of the mining sector. One often reads
about or hears about managers of the mining sector without knowing them. Nevertheless,
one has an image of these managers. Indicate in the following pairs of opposite words how
similar or dissimilar you are compared to a manager of the mining sector.” Next respondents
answered a 7-point semantic differential scale, which had 5 items: “Same/ different values”,

“same/ different goals”, “acts as | would/ different than | would”, “thinks like me/ unlike me”,
and “has same/ different opinions” (M= 3.33; SD = 1.10; Conbach’s a = .73).

To measure the three dimensions of trust, we used the 7-point semantic differential scale
that was developed by Grimmelikhuijsen & Knies (2015). Competence was measured with
four items: organisations were assessed on a 7-point semantic differential scale as “unskilful/
skilful”, “incompetent/ competent”, “ineffective/ effective”, and “incapable/ capable” (M= 4.57;
SD = 1.14; Conbach’s a = .87). Benevolence was measured with three items: organisations
were assessed on a 7-point semantic differential scale on “does/ doesn't act in society's
interest” (M= 3.86; SD = 1.21; Conbach’s a = .87), “carries societal duties out very well/ very
poorly”, and “is not/ is valuable for society” (M= 3.99; SD = 1.27; Conbach’s a = 0.87). All items

formed reliable scales.

Finally, the perceived ethics of the mining sector was assessed using a four-item modified
version of the moral equity dimension proposed by Reidenbach and Robin (1990) semantic
differential scale. Participants were invited to express their evaluation of the mining sector
after the introduction “If you think about the mining sector in Europe and their role in making
Europe carbon neutral, how would you assess them on the following items?” “wrong/ right”;
“unfair/ fair”; “unethical/ ethical”; “not morally right/ morally right”, using a seven-point
semantic differential scale.

We used Hayes’ (2017) PROCESS macro to run a simple mediation analysis with the three
trust dimensions as mediators. The overall model was statistically significant (F (4, 76) =
82.32, p<.001) and explained 81% of variance in perceived ethics of the mining sector (see
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Figure 7). As expected, the more value similarity was perceived, the more the mining sector
was trusted on all three dimensions. Interestingly, perceived benevolence and perceived
integrity were significant predictors of the perceived ethics of the mining sector, but not the
perceived competence. This means that the perceived ethical judgement does not depend
on how competent people think a sector is, but rather on the sector's benevolence and
integrity’.

Perceived competence .
P Perceived

ethical
Perceived benevolence judgement
mining
sector

Value
similarity

Perceived integrity

c=.81,p<.001; c'=.17, p=.037

*p<.001

Figure 7. Partial mediation effect of value similarity on the perceived ethics of the mining sector via
three dimensions of trust. Note: that a partial mediation was found, that means that the value
similarity directly (indicated by c’) as well as indirectly (indicated by c) influences perceived ethics of
the mining sector.

To put these results in context, we compared how the mining sector was evaluated in
comparison to the renewable energy sector, the transport sector, the building sector, and
the European Commission (see Figure 8). The perceived competence of the mining sector
did not differ significantly from the other sectors, except for the renewable energy sector,
which was seen as more competent than all four others (mining, transport, building and
European Commission). In comparison to the renewable energy sector, the transport sector,
and the European Commission, the mining sector was trusted less on the benevolence
dimension, less on the integrity dimension, and the value similarity was lower. Finally, the
mining sector was seen as the least ethical compared to the other four stakeholders.

These are important findings because mining organisations often stress in their
communication that they are capable, effective, skilful, and professional, and thus stressing
their competence in the hope that this will enhance the public’s trust. However, these results
show that to enhance the public’s trust, they should focus on how they can genuinely

7 We ran this mediation model also for the other sectors (renewable energy, transport, building and European
Commission) and found for all similar results that is, value similarity had a partially or fully mediated effect on
perceived ethics via perceived benevolence and perceived integrity, but not via perceived competence.
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enhance the welfare of the public and act in the interest of society (i.e., benevolence) as well
as on work on their reputation in terms of integrity. Of course, not all mining companies are
the same, and they all have different practices. However, the sector as a whole has a negative
reputation, and exposed unethical practices of one company tend to spill over to the whole
sector. Our results suggest that, if they wish to improve their reputation, the sector as a
whole should work on a more human-centred approach and particularly focus on how they
can genuinely contribute to society (benevolence) and integrity®.

5 reference Kkk

Mining Renewable Energy Transport Building European
Sector Sector Sector Sector Commission

mCompetence mBenovelence [integrity ©OValue Similarity OPerceived ethics

Figure 8. Assessment of five stakeholders on three dimensions of trust and value similarity. Note:
Within-subjects contrast is indicated by * p <.05, ** p<. 01, and *** p<. 001, with “mining sector” as
reference point; ns = not significant.

5. CONCLUSION AND NEXT STEPS

In this report, results of a pilot study were presented. The aim was to investigate how
members of the general public perceives Europe’s Green Deal, how they assess the role and
decisions of key stakeholders in this process, and how they perceive the need for CRMs. The
report specifically seeks to explore the role of values and value similarity in these decisions.
In this report, we focus particularly focused on the mining sector.

8This relates to the concept of Share Value, which other partners in VECTOR are working on.
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We found that the value dimension “self-transcendence”, which is typically associated with
pro-environmental values, underpins the perceived needs for CRMs. However, when
assessing the need for CRMs in isolation, there seemed to be a stronger denial of the need
for CRMs by those who have a strong concern for the welfare of others and the environment
(self-transcendence values) than when assessing this same need in the context of meeting
Europe’s Green Deal’s targets. In our follow-up research, we will test if this hypothesis can be
validated.

Secondly, we found that people’s judgement of the ethical practices of the mining sector
depends primarily on how people perceive the benevolence and integrity of the sector.
Concretely, the mining sector was perceived as the least ethical sector across five
stakeholders in Europe’s decarbonisation process because people believe that the mining
sector shows less interest in society (benevolence) and lacks honesty (integrity) compared to
the other sectors. Interestingly, the mining sector was seen as equally competent compared
to the other stakeholders. This suggests that in their business models, practices, and
decisions, the mining sector as a whole should focus more on creating society value (“Shared
Value”) and integrity if they wish to enhance the trust that the general public has in the sector.

The next steps will be to validate the pilot results in Ireland and other European countries,
which will allow us to include cultural differences as well.



‘l
LT

“ Vector Deliverable 3.3

REFERENCES

Baicu, C. G,, State, O., Gardan, D. A, Gardan, I. P, & Ticau, I. R. (2022). Financial and competitive
implications of the European Green Deal - perceptions of retail managers. Amfiteatru
Economic, 24(61), 683-700.

Baron, J., & Spranca, M. (1997). Protected values. Organizational Behavior and Human Decision
Processes, 70(1), 1-16.

Bilsky, W., & Schwartz, S. H. (1994). Values and personality. European Journal of Personality, 8, 163-
181.

Cialdini, R. B., & Goldstein, N. J. (2004). Social influence: Compliance and conformity. Annual Review of
Psychology, 55, 591-621.

Cohen-Mansfield, J., & Frank, J., (2008). Relationship Between Perceived Needs and Assessed Needs
for Services in Community-Dwelling Older Persons. The Gerontologist, 48 (4), 505-516.

European Commission (2023). Studly on the critical raw materials for the EU 2023 - Final report.
Brussels: Publications Office of the European Union.

De Groot, J. I. M., & Steg, L. (2008). Value orientations to explain beliefs related to environmental
significant behavior: How to measure egoistic, altruistic, and biospheric value orientations.
Environment and Behavior, 40(3), 330-354.

de Groot, J. I. M., Steg, L., & Poortinga, W. (2013). Values, perceived risks and benefits, and
acceptability of nuclear energy. Risk Analysis, 33(2), 307-317.

Delreux, T., & Ohler, F. (2019). Climate policy in European Union politics. In: Oxford Research
Encyclopedia of Politics. Oxford, UK: Oxford University Press.

Dietz, T. (2023). Decisions for sustainability: Facts and values. Cambridge, UK: Cambridge University
Press.

Dietz, T., Stern, P. C., & Guagnano, G. A. (2000). Toward a coherent theory of environmentally
significant behavior. Journal of Social Issues, 56(3), 407-424.

Doran, R., Bohm, G., Pfister, H.-R., & Hanss, D. (2023). Mapping perceptions of energy transition
pathways: Ascribed motives and effectiveness. Current Psychology, 42(20), 16661-16673.

Earle, T. C., & Cvetkovich, G. (1995). Social trust. Towards a cosmopolitan society. London: Praeger.

Ferrell, O. C., & Fraedrich, ). (1997). Business Ethics. Boston: Houghton Mifflin.

Fetting, C. (2020). The European Green Deal. Vienna, Austria: European Sustainable Development
Network (ESDN) Office.

Fiske, A. P., & Tetlock, P. E. (2002). Taboo trade-offs: Reactions to transactions that transgress the
spheres of justice. Political Psychology, 18(2), 255-297.

Grimmelikhuijsen, S., & Knies, E. (2015). Validating a scale for citizen trust in government
organizations. International Review of Administrative Sciences, 83(3), 583-601.

Hassan, A., llyas, S. Z., Jalil, A., & Ullah, Z. (2021). Monetization of the environmental damage caused
by fossil fuels. Environmental Science and Pollution Research, 28, 21204-21211.

Hayes, A. F. (2017). Introduction to mediation, moderation, and conditional process analysis: A
regression-based approach. Guildford, UK: Guilford publications.

Holland, A. (2002). Are choices tradeoffs? In: D.W. Bromley & J. Paavola (eds). Economics, Ethics, and
Environmental Policy (pp. 17-34). New Jersey, US: Blackwell Publisher Ltd.

Hunt, S. D., & Vitell, S. (1986). A general theory of marketing ethics. Journal of Macromarketing, 6(1), 5-
16.

Hunt, S. D., & Vitell, S. J. (2016). The general theory of marketing ethics: A revision and three
questions. journal of Macromarketing, 26(2), 143-153.



/.
g |
"“ Vector Deliverable 3.3

Isacs, L., Kenter, J. O., Wetterstrand, H., & Katzeff, C. (2023). What does value pluralism mean in
practice? An empirical demonstration from a deliberative valuation. People and Nature, 5(2),
384-402.

Karali, N., & Shah, N. (2022). Bolstering supplies of critical raw materials for low-carbon technologies
through circular economy strategies. Energy Research & Social Science, 88, 102534.

Kitt, S., Axsen, J., Long, Z., & Rhodes, E. (2021). The role of trust in citizen acceptance of climate policy:
Comparing perceptions of government competence, integrity, and value similarity. Ecological
Economics, 183, 106958.

Le Mouel, M., & Poitiers, N. (2023). Why Europe’s critical raw materials strategy has to be international.
Brussels, Belgium: Bruegel.

Mason, C. M., Paxton, G., Parsons, R., Parr, J. M., & Moffat, K. (2014). “For the benefit of Australians”:
Exploring national expectations of the mining industry. Resources Policy, 41, 1-8.

Moffat, K., & Zhang, A. (2014). The paths to social license to operate: An integrative model explaining
community acceptance of mining. Resources Policy, 39, 61-70.

Mauller, M., Saulich, C., Schéneich, S., & Schulze, M. (2023). From competition to a sustainable raw
materials diplomacy: Pointers for European policymakers. Germany: Stiftung Wissenschaft und
Politik (SWP).

Nielsen, K. S., Nicholas, K. A., Creutzig, F., Dietz, T., & Stern, P. C. (2021). The role of high-
socioeconomic-status people in locking in or rapidly reducing energy-driven greenhouse gas
emissions. Nature Energy, 6(11), 1011-1016.

Panarello, D., & Gatto, A. (2023). Decarbonising Europe - EU citizens' perception of renewable energy
transition amidst the European Green Deal. Energy policy, 172, 113272.

Perera, F., & Nadeau, K. (2022). Climate change, fossil-fuel pollution, and children’s health. New
England Journal of Medicine, 386(24), 2303-2314.

Poortinga, W., & Pidgeon, N. (2003). Exploring the dimensionality of trust in risk regulation. Risk
Analysis, 23, 961-972.

Poortinga, W., & Pidgeon, N. (2006). Prior attitudes, salient value similarity, and dimensionality:
Toward an integrative model of trust in risk regulation. Journal of Applied Social Psychology, 36,
1674-1700.

Porter, M. E., & Kramer, M. R. (2011). The Big Idea: Creating Shared Value. Harvard Business Review,
89, 2-17.

Raw Materials Information System (2023). Critical, strategic and advanced materials. Available online
https://rmis.jrc.ec.europa.eu/eu-critical-raw-materials [accessed on 25 January 2024].

Rayner, T., &Jordan, A. (2016). Climate change policy in the European Union. In Oxford research
encyclopedia of climate science. Oxford, UK: Oxford University Press.

Reidenbach, R. E., & Robin, D. P. (1990). Toward the development of a multidimensional scale for
improving evaluations of Business Ethics. Journal of Business Ethics, 9(8), 639-653.

Retief, F., Morrison-Saunders, A., Geneletti, D., & Pope, J. (2013). Exploring the psychology of trade-
off decision-making in environmental impact assessment. Impact Assessment and Project
Appraisal, 31(1), 13-23.

Rodriguez-Sanchez, C., Schuitema, G., Claudy, M., & Sancho-Esper, F. (2018). How trust and emotions
influence policy acceptance: The case of the Irish water charges. British Journal of Social
Psychology, 57(3), 610-629.

Schuitema, G., & Steg, L. (2008). The role of revenue use in the acceptability of transport pricing
policies. Transportation Research Part F: Traffic Psychology and Behaviour, 11(3), 221-231.



https://rmis.jrc.ec.europa.eu/eu-critical-raw-materials

/.
g |
"“ Vector Deliverable 3.3

Schultz, P. W., Nolan, J. M., Cialdini, R. B., Goldstein, N. J., & Griskevicius, V. (2018). The constructive,
destructive, and reconstructive power of social norms: Reprise. Perspectives on Psychological
Science, 13(2), 249-254.

Schwartz, S. H. (1992). Universals in the content and structure of values: Theoretical advances and
empirical tests in 20 countries. In: Advances in experimental social psychology, Vol. 25 (pp. 1-65):
San Diego, CA, US: Academic Press.

Schwartz, S. H. (2003). Computing Scores for the 10 Human values. London, UK: European Social
Survey.

Schwartz, S. H. (2012). Toward refining the theory of basic human values (pp. 39-46). In: Reinecke, J.
(eds) Methods, theories, and empirical applications in the social sciences. Germany: Verlag fur
Sozialwissenschaften.

Seligman, C., Syme, G. J., & Gilchrist, R. S. (1994). The role of values and ethical principles in
judgments of environmental dilemmas. Journal of Social Issues, 50(3), 105-119.

Sheppard, S. R.J. (2005). Landscape visualisation and climate change: the potential for influencing
perceptions and behaviour. Environmental Science & Policy, 8(6), 637-654.

Siegrist, M., Cvetkovich, G., & Roth, C. (2000). Salient value similarity, social trust, and risk/benefit
perception. Risk Analysis, 20(3), 353-362.

Skjeerseth, J. B. (2021). Towards a European Green Deal: The evolution of EU climate and energy
policy mixes. International Environmental Agreements: Politics, Law and Economics, 21(1), 25-
41.

Siegrist, M., Cvetkovich, G., & Roth, C. (2000). Salient value similarity, social trust, and risk/benefit
perception. Risk Analysis, 20(3), 353-362.

Slovic, P., Finucane, M. L., Peters, E., & MacGregor, D. G. (2007). The affect heuristic. European Journal
of Operational Research, 177(3), 1333-1352.

Smith, N. W., & Joffe, H. (2009). Climate change in the British press: The role of the visual. Journal of
Risk Research, 12(5), 647-663.

Sénnichsen, N. (2024). Fossil fuels in Europe - statistics & facts: Available online:
https://www.statista.com/topics/6388/fossil-fuel-industry-in-europe/#topicOverview [accessed
on 25 January 2024].

Cifuentes-Faura, J. (2022). European Union policies and their role in combating climate change over
the years. Air Quality, Atmosphere & Health, 15(8), 1333-1340.

Sovacool, B, Ali, S. H., Bazilian, M., Radley, B., Nemery, B., Okatz, J., & Mulvaney, D. (2020).
Sustainable minerals and metals for a low-carbon future. Science, 367(6473), 30-33.

Sovacool, B., Heffron, R. J., McCauley, D., & Goldthau, A. (2016). Energy decisions reframed as justice
and ethical concerns. Nature Energy, 1(5), 16024.

Sparks, J. R., & Pan, Y. (2009). Ethical Judgments in Business Ethics Research: Definition, and
Research Agenda. Journal of Business Ethics, 91(3), 405-418.

Steg, L., Bolderdijk, J. W., Keizer, K., & Perlaviciute, G. (2014). An Integrated Framework for
Encouraging Pro-environmental Behaviour: The role of values, situational factors and goals.
Journal of Environmental Psychology, 38, 104-115.

Steg, L., Dreijerink, L., & Abrahamse, W. (2006). Why are energy policies acceptable and effective?
Environment and Behavior, 38(1), 92-111.

Taebi, B. (2017). Bridging the Gap between Social Acceptance and Ethical Acceptability. Risk Analysis,
37(10), 1817-1827.

Taghizadeh-Hesary, F., Rasoulinezhad, E., Yoshino, N., Chang, Y., Taghizadeh-Hesary, F., & Morgan, P.
J. (2021). The energy-pollution-health nexus: A panel data analysis of low-and middle-income Asian
countries. The Singapore Economic Review, 66(02), 435-455.



https://www.statista.com/topics/6388/fossil-fuel-industry-in-europe/#topicOverview

/.
g |
"“ Vector Deliverable 3.3

Terwel, B. W., Harinck, F., Ellemers, N., & Daamen, D. D. (2009). Competence-based and integrity-
based trust as predictors of acceptance of carbon dioxide capture and storage (CCS). Risk
Analysis, 29(8), 1129-1140.

Vaske, |. J., Absher, J. D., & Bright, A. D. (2007). Salient value similarity, social trust and attitudes
toward wildland fire management strategies. Human Ecology Review, 14(2), 223-232.

Verkasalo, M., Lénnqyvist, J.-E., Lipsanen, J., & Helkama, K. (2009). European norms and equations for
a two-dimensional presentation of values as measured with Schwartz's 21-item portrait values
questionnaire. European Journal of Social Psychology, 39(5), 780-792.



g

"“ \ Vector Deliverable 3.3

APPENDIX A
BASE CALCULATIONS FOR POINTS SYSTEM IN THE SIMULATOR

Offshore wind energy. Offshore wind turbines generate 12g of CO2/kWh greenhouse gasses,
compared to 900-1000g of CO2/kWh from a coal-powered plant (Kilgore, 2023). This means
that offshore wind turbines generate (12/900; 12/1000) = 0.013 - 0.012 times less CO>
compared to a coal-powered plant. These proportions amount to (0.013*100; 0.012 *100) =
1.3% - 1.2% of the CO. emissions generated by a coal-powered plant. Therefore, offshore
wind turbines reduce carbon emissions by 98.7% - 98.8% (i.e., 100% -1.3 = 98.7%; 100% -
1.2%= 98.8%).

With respect to the contribution to offshore wind energy to the 55% emissions target, the
following calculation is derived (using the higher CO2 reduction value of 98.8%):

98.8 percent*55 =(98.8:100) *55
=(98.8*55):100
=5434:100
~54.3%

Therefore, the contribution of offshore wind energy to the 55% emissions target is 54.3%.

Onshore wind energy. Onshore wind turbines generate 11g of CO2/kWh greenhouse gasses,
compared to 900-1000g of CO2/kWh from a coal-powered plant (Kilgore, 2023). This means
that onshore wind turbines generate (11/900; 11/1000) = 0.012 - 0.011 times less CO>
compared to a coal-powered plant. These proportions amount to (0.012*100; 0.011 *100) =
1.2% - 1.1% of the CO, emissions generated by a coal-powered plant. Therefore, onshore
wind turbines reduce carbon emissions by 98.8% - 98.9% (i.e., 100% -1.2 = 98.8%; 100% -1.1%
=98.9%).

With respect to the contribution to onshore wind energy to the 55% emissions target, the
following calculation is derived (using the higher CO2 reduction value of 98.9%):

98.9 percent*55 =(98.9:100) *55
=(98.9*55):100
=5439.5:100
~54.4%

Therefore, the contribution of offshore wind energy to the 55% emissions target is 54.4%.
Solar energy. Solar PV power generates 44g of CO2/kWh greenhouse gasses, compared to

900-1000g of CO2/kWh from a coal-powered plant (Kilgore, 2023). This means that onshore
wind turbines generate (44/900; 44/1000) = 0.049 - 0.044 times less CO, compared to a coal-
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powered plant. These proportions amount to (0.049*100; 0.044 *100) = 4.9% - 4.4% of the
CO2 emissions generated by a coal-powered plant. Therefore, onshore wind turbines reduce
carbon emissions by 95.1% - 95.6% (i.e., 100% -4.9 = 95.1%; 100% -4.4% = 95.6%). With
respect to the contribution of onshore wind energy to the 55% emissions target, the
following calculation is derived (using the higher CO2 reduction value of 95.6%):

95.6 percent*55 =(95.6:100) *55
=(95.6*55):100
=5258:100
~52.6%

Therefore, the contribution of offshore wind energy to the 55% emissions target is 52.6%.

Electric vehicles. Electric vehicles reduce emissions by 36% simply by replacing conventional
vehicles’. In the case of Battery Electric Vehicles (BEVs), when compared with internal
combustion engines, the life-cycle emissions gap between BEVs and internal combustion
engines are projected to increase to 74 -77% by 2030'°. With respect to the contribution of
electric vehicles to the 55% emissions target, the following calculation is derived (using the
higher emissions reduction value of 77%):

77 percent*55 = (77:100) *55
=(77*55):100
=4235:100
~42.4%

Therefore, the contribution of electric vehicles to the 55% emissions target is 42.4%.

Heat pumps. In terms of greenhouse gas emissions, heat pumps reduce CO, emissions by
28% compared to gas boilers (Joint Research Centre, 2023). Based on this projection, heat
pumps contribute to the 55% emissions target as follows:

28 percent*55 =(28:100) *55
=(28*55):100
=1540:100
~15.4%

Therefore, the contribution of heat pumps to the 55% emissions target is 15.4%.
Calculation of the minimum points target for the simulator.

9 Xu, L., Yilmaz, H. U., Wang, Z., Poganietz, W.-R., & Jochem, P. (2020). Greenhouse gas emissions of electric
vehicles in Europe considering different charging strategies. Transportation Research Part D: Transport and
Environment, 87, 102534.

10 Bieker, G., (2021). A global comparison of the life-cycle greenhouse gas emissions of combustion engine and
electric passenger cars. Berlin, Germany: International Council on Clean Transportation Europe.
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Based on the projected contributions of the five renewable energy options to the 55%
emissions target by 2030, the minimum points target is derived as follows:

(54.3) + (54.4) + (52.6) + (42.4) + (15:4) = 219.1

Rounding the total figure to the nearest zero, 219.1 is rounded up to 200*. The proportion
of carbon emissions reductions among the five low-carbon technologies presented in Table
A1. Based on the sum of the contributions (200) and the individual proportions, a 10-point
interval scale was developed in the simulator, using different interval points of -10/+70.

Table A1. of carbon emissions reductions among five low-carbon technologies

Offshore Onshore Solar Electric Heat
wind energy wind energy  energy vehicles pumps
Proportion of carbon 3.5 3.5 3.4 2.8 1

emissions reduction
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APPENDIX B

Base calculations for CRM consequences in the simulator

Offshore wind turbines. Building offshore wind turbines will require about 10 times more

copper'' compared to building fossil fuel power plants and between 6 - 7 times more rare
earth elements (REE)'? by 2030.

Based on these projections, a 10-point change on the slider scale corresponds to:

(10 point /70 point) *10 = 1.43 times more/ less copper
= 1.5 times more/ less copper

(10 point /70 point) *7 = 0.98 times more/ less REE
= 1 time more/ less RESS.

These base values are then multiplied along the different point intervals on the slider scale
to yield different copper and REE proportions for offshore wind turbines and appropriate
wording were found to express the numeric meaning (for examples see Table B1).

Onshore wind turbines. Building onshore wind turbines will require 7 times more copper'?
compared to building fossil fuel power plants and 6 times more REE'* by 2030.

Based on these projections, a 10-point change on the slider scale corresponds to:

(-10 point /70 point) *7 = 0.98 times more/less copper
= 1 time more/ less copper

(10 point /70 point) *6 = 0.86 times more/ less REE
= 1X time more/ less RESS.

These base values are then multiplied along the different point intervals on the slider scale
to yield different copper and REE proportions for onshore wind energy and appropriate
wording were found to express the numeric meaning (for examples see Table B2).

"M IEA (2021). The role of critical minerals in clean energy transitions. France: International Energy Agency (IEA).
12 Rystad Energy (2023). The State of the European Wind Energy Supply Chain. Oslo, Norway: Tystad Energy.

'3 Copper Development Association Inc. (2024). Renewables. Available online:
https://copper.org/environment/sustainable-energy/renewables/ [accessed on 25 January 2024].

4 Carrara, S., Bobba, S., Blagoeva, D., ..., & Christou, M. (2023). Supply chain analysis and material demand

forecast in strategic technologies and sectors in the EU - A foresight study (Report no: JRC132889). Luxembourg:
Publications Office of the European Union.
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Solar panels. Building solar PV plants will require 3 times more copper'> compared to
building fossil fuel power plants and 20 times more gallium and indium'® by 2030.

Based on these projections, a 10-point change on the slider scale corresponds to:

(-10 point /70 point) *3 = 0.428 = 0.43 times more/ less copper
= 0.5 times more/ less copper

(-10 point /70 point) *20 = 2.857 = 2.86 times more/ less gallium and indium
= 3 times less gallium and indium.

These base values are then multiplied along the different point intervals on the slider scale
to yield different copper, gallium & indium for solar energy and appropriate wording were
found to express the numeric meaning (for examples see Table B3).

Electric vehicles. Producing electric vehicles will require 2.5 - 3.8 times more copper'’
compared to conventional cars with internal combustion engines by 2030. To produce
lithium-ion batteries for electric vehicles,11 times more lithium'® will also be needed.

Based on these projections, a 10-point change on the slider scale corresponds to:

(-10 point /70 point) * 3.8 = 0.5 times more/ less copper
= 0.5 times more/ less copper

(-10 point /70 point) * 11 = 1.57 = 1.6 times more/ less lithium
= 1.6 times more/ less lithium

These base values are then multiplied along the different point intervals on the slider scale
to yield different copper and lithium proportions for electric vehicles and appropriate
wording were found to express the numeric meaning (for examples see Table B4).

Heat pumps. Producing additional heat pumps will require 12 - 15 times more copper’® %
compared to fossil fuel boilers by 2030.

1> See footnote n° 9.

16 See footnote n° 10.

' Copper Development Association Inc. (2024). Electric vehicles. Available online:
https://copper.org/environment/sustainable-energy/electric-vehicles/ [accessed 25 January 2024].
'8 See footnote n° 7.

'9 [EA (2021). The future of heat pumps. France: International Energy Agency (IEA).

20 Toleikyte, A., Roca Reina, J.C., Volt, J., ... & Letout, S. (2023). The heat pump wave: Opportunities and
challenges (Report no JRC134045). Luxembourg: Publications Office of the European Union.
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Based on these projections, a 10-point change on the slider scale corresponds to:

(-10 point /70 point) *12 = 1.7 times more/ less copper
= 2 times more/ less copper

These base values are then multiplied along the different point intervals on the slider scale
to yield different copper proportions for heat pumps and appropriate wording were found
to express the numeric meaning (for examples see Table B5).
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Table B1. Overview of calculations and wording for each 10-point interval in simulator of offshore

wind energy

Point change

Calculation

Wording

-10 points 1.5x less copper 1.5 times less copper and slightly less rare earth
1x less REE elements will be needed for fewer offshore wind
turbines, compared to fossil fuel-powered plants.
0 point Equal amount copper  The status quo remains. The number of offshore wind
Equal amount REE turbines being built remains the same. The amount of
copper and rare earth elements needed for offshore
wind turbines remains the same.
10 points 1.5x more copper 1.5 times more copper and slightly more rare earth
1x more REE elements will be needed to build additional offshore
wind turbines, compared to fossil fuel-powered plants.
20 points 3x more copper 3 times more copper and 2 times more rare earth
2x more REE elements will be needed to build additional offshore
wind turbines, compared to fossil fuel -powered plants.
30 points 4.5x more copper 4.5 times more copper and 3 times more rare earth
3x more REE elements will be needed to build additional offshore
wind turbines, compared to fossil fuel -powered plants.
40 points 6X more copper 6 times more copper and 4 times more rare earth
4x more REE elements will be needed to build additional offshore
wind turbines, compared to fossil fuel -powered plants.
50 points 7.5x more copper 7.5 times more copper and 5 times more rare earth
5x more REE elements will be needed to build additional offshore
wind turbines, compared to fossil fuel -powered plants.
60 points 9x more copper 9 times more copper and 6 times more rare earth
6x more REE elements will be needed to build additional offshore
wind turbines, compared to fossil fuel -powered plants.
70 points 10.5x more copper 10.5 times more copper and 7 times more rare earth

7x more REE

elements will be needed to build additional offshore
wind turbines, compared to fossil fuel -powered plants.
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Table B2. Overview of calculations and wording for each 10-point interval in simulator for onshore

wind energy.
Point change Calculation

Wording

-10 points 1x less copper Slightly less copper and slightly less rare earth
1x less REE elements will be needed for fewer offshore wind
turbines, compared to fossil fuel-powered plants.
0 point Equal amount copper The status quo remains. The number of onshore
Equal amount REE wind turbines being built remains the same. The
amount of copper and rare earth elements needed
for the onshore wind turbines remains the same.
10 points 1x more copper Slightly more copper and 1.5 times more rare earth
1x more REE elements will be needed to build additional
onshore wind turbines, compared to fossil fuel-
powered plants.
20 points 2x more copper 2 times more copper and 2 times more rare earth
2x more REE elements will be needed to build additional
onshore wind turbines, compared to fossil fuel-
powered plants.
30 points 3x more copper 3 times more copper and 3 times more rare earth
3x more REE elements will be needed to build additional
onshore wind turbines, compared to fossil fuel-
powered plants.
40 points 4x more copper 4 times more copper and 4 times more rare earth
4x more REE elements will be needed to build additional
onshore wind turbines, compared to fossil fuel-
powered plants.
50 points 5x more copper 5 times more copper and 5 times more rare earth
5x more REE elements will be needed to build additional
onshore wind turbines, compared to fossil fuel-
powered plants.
60 points 6Xx more copper 6 times more copper and 6 times more rare earth
6x more REE elements will be needed to build additional
onshore wind turbines, compared to fossil fuel -
powered plants.
70 points 7x more copper 7 times more copper and 7 times more rare earth

7x more REE

elements will be needed to build additional
onshore wind turbines, compared to fossil fuel-
powered plants.
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Table B3. Overview of calculations and wording for each 10-pointinterval in simulator for solar energy

Point change

Calculation

Wording

-10 points 0.5x less copper Slightly less copper and 3 times less gallium and
3x less gallium & indium  indium will be needed to build fewer solar PV power
plants, compared to fossil fuel-powered plants.
0 point Equal amount copper The status quo remains. The number of solar PV
Equal amount gallium &  plants being built remains the same and the amount
indium of copper, gallium and indium needed for production
remains the same
10 points 0.5x more copper Slightly more copper and 3 times more gallium and
3x more gallium & indium will be needed to build more solar PV power
indium plants, compared to fossil fuel-powered plants.
20 points 1x more copper Slightly more copper and 6 times more gallium will be
6x more gallium & needed to build more solar PV power plants,
indium compared to fossil fuel-powered plants.
30 points 1.5x more copper 1.5 times more copper and 9 times more gallium and
9x more gallium & indium will be needed to build more solar PV power
indium plants compared to fossil fuel-powered plants.
40 points 2x more copper 2 times more copper and 12 times more gallium and
12x more gallium & indium will be needed to build more solar PV power
indium plants, compared to fossil fuel-powered plants.
50 points 2.5x more copper 2.5 times more copper and 15 times more gallium
15x more gallium & and indium will be needed to build more solar PV
indium power plants, compared to fossil fuel-powered plants.
60 points 3Xx more copper 3 times more copper and 18 times more gallium and
18x more gallium & indium will be needed to build more solar PV power
indium plants, compared to fossil fuel-powered plants.
70 points 3.5x more copper 3.5 times more copper and 21 times more gallium

21x more gallium &
indium

and indium will be needed to build more solar PV
power plants, compared to fossil fuel - power plants.
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Table B4. Overview of calculations and wording for each 10-point interval in simulator for electric

vehicles.

Point change

Calculation

Wording

-10 points 0.5x less copper Slightly less copper and 1.5 times less lithium will be
1.5x less lithium needed to produce fewer electric vehicles, compared to
conventional cars with internal combustion engines.
0 point Equal amount copper The status quo remains. The number of electric vehicles
Equal amount lithium  being produced remains the same. The amount of
copper and lithium needed remains the same.
10 points 0.5x more copper Slightly more copper and 1.5 times | more lithium will be
1.5x more lithium needed to produce additional electric vehicles,
compared to conventional cars with internal combustion
engines.
20 points 1x more copper Slightly more copper and 3 times | more lithium will be
3x more lithium needed to produce additional electric vehicles,
compared to conventional cars with internal combustion
engines.
30 points 1.5x more copper 1.5 times more copper and 4.5 times | more lithium will
4.5x more lithium be needed to produce additional electric vehicles,
compared to conventional cars with internal combustion
engines.
40 points 2x more copper 2 times more times more copper and 6 times | more
6Xx more lithium lithium will be needed to produce additional electric
vehicles, compared to conventional cars with internal
combustion engines.
50 points 2.5x more copper 2.5 times more copper and 7.5 times | more lithium will
7.5x more lithium be needed to produce additional electric vehicles,
compared to conventional cars with internal combustion
engines.
60 points 3Xx more copper 3 times more copper and 9 times | more lithium will be
9x more lithium needed to produce additional electric vehicles,
compared to conventional cars with internal combustion
engines.
70 points 3.5x more copper 3.5 times more copper and 10.5 times | more lithium will

10.5x more lithium

be needed to produce additional electric vehicles,
compared to conventional cars with internal combustion
engines.
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Table B5. Overview of calculations and wording for each 10-point interval in simulator for heat pumps.
Point change Calculation Wording

-10 points 2x less copper 2 times less copper will be needed to produce fewer
heat pumps, compared to fossil fuel boilers.

0 point Equal amount copper  The status quo remains. The number of electric
vehicles being produced remains the same. The
amount of copper and lithium needed remains the
same.

10 points 2x more copper 2 times more copper will be needed to produce
additional heat pumps, compared to fossil fuel
boilers.

20 points 4x more copper 4 times more copper will be needed to produce
additional heat pumps, compared to fossil fuel
boilers.

30 points 6X more copper 6 times more copper will be needed to produce
additional heat pumps, compared to fossil fuel
boilers.

40 points 8 x more copper 8 times more copper will be needed to produce
additional heat pumps, compared to fossil fuel
boilers.

50 points 10x more copper 10 times more copper will be needed to produce
additional heat pumps, compared to fossil fuel
boilers.

60 points 12x more copper 12 times more copper will be needed to produce
additional heat pumps, compared to fossil fuel
boilers.

70 points 14x more copper 14 times more copper will be needed to produce
additional heat pumps, compared to fossil fuel
boilers.




