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Preface

Decrease in carbon emissions are of vital importance in global policies fighting climate change.
Because of Russia’s economic reliance on export of oil and gas, and they being the largest producers

of fossil fuels in the world, their energy politics concerns to many.

Russia provides in total 10% of the primary energy production and is the largest exporter of energy
resources in the world, based on fossil fuels. And the export stood for 36% of the country’s federal

budget in revenues. This is the main points inspiring the creation of this thesis.

This is a master-thesis that forms the concluding part of the study program Master of Science in
Energy Management. Corresponding to section 8.2.2 in the Guide for the Master Thesis is this thesis
written as a scientific article with a kappe. The goal is to publish the article in Journal of Cleaner

Production as publishing journal and is therefore written under the journal’s guidelines?.

I want to show my highest gratitude and appreciation of the people helping me through this journey.
My heartfelt thanks go to the students participating in the survey, as well as the professors distributing
the questionnaires, for providing me with the empirical data needed to implement the survey study;

offering insight into their perceptions and relationship toward decarbonization.

A special gratitude is given the supervisors of the thesis, Elena Dybtsyna and Raj Krishnan Shankar,
as well as Anatoli Bourmistrov whose academic and motivational support was irreplaceable. They
followed me every step of the way ready to answer questions and give advice when the chaos the
journey set to be at sometimes took over. Their guidance was especially important since | was writing
the thesis alone. They were someone | could spar with and made sure the writing of the thesis was not

as lonely as it could have been. Thank you.

Lastly, I would like to offer my thanks to Nord University and MGIMO for wonderful years as a
student at their facilities. And I hope this thesis will be enjoyable to read, and dream that it will make

contributions valuable to academia and organizations dealing with decarbonization.

Steinkijer, September 1t 2021

Ida Margrethe Kalseth Norum

! [https://www.elsevier.com/journals/journal-of-cleaner-production/0959-6526/guide-for-authors]
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Part 1: Introductory chapter

The inspiration for this thesis was the research project “Is this Russia’s Kodak moment?
Russian perspectives on the energy transition (KODAK)” that is runed by the Norwegian
Institute of International Affairs (NUPI). The project examinates the Russian energy actors,
and if they are aware of the possibility of swift decarbonization of the global energy supply as
well as what consequences they think it will have for the Russian energy exportation (NUPI,
2019)

The KODAK project is a project that will consist of, among other things, analysis of key
challenges for the Russian economy, and according to the project description it will also look
at “interrelationship with Russian domestic and foreign policy-making, and how they affect
the future trajectory of the Russian economy. Key challenges of particular relevance to the
project are corruption and the shadow economy in Russia; capital flight; the development of
the banking system; and the development of the energy sector” (NUPI, 2019). This thesis
contribution is pointed at the development of the energy sector and is especially focusing on
Russian students’ perception of their energy future.

The term “Kodak moment” is used about failure to foresee market trends as well as
technological changes threatening the existing business models. Kodak moment comes from
inability to adapt to the coming future due to “comfort” so that business collapses due to
irrelevance. When the film and printing industry shifted over from analogue to digital, Kodak
failed to respond to the changing environment (Solis, 2017). | would argue that there are
useful parallels and learning opportunities to take from Kodaks experience over to other fields
and industries. Kodak was a leading company at its peak when they failed to innovate, and
therefore they ended up filing for bankruptcy. Today the energy sector is full of innovation.
The global energy industry is experiencing high pressure and support for change towards a
more climate friendly production both on political and consumer-levels. Russia is the leading
energy producing country today, but have chosen to not pay much attention to green changes,
while a lot of competing countries are going through an energy transition from fossil fuels
into renewable energy. For Russia it might mean that strong focus on fossil fuels and lack on
renewables will lead to Kodak-moment in the future, if the energy sector will not change until
it is forced to change or die. This is what makes it relevant to ask if this is a Kodak-moment.
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The answer will be yes if their energy production ends up being irrelevant globally due to lack

of paid attention toward changes in the market.

And perceptions among Russian students is used as a mean to research if Russia is likely to
change their awareness in the upcoming years. The more radical views are shared by
youngsters/students the greater chance that there will be a swift change in the future. This
thesis is contributing to the Kodak-project by looking at young people present day perceptions
and attitudes towards decarbonization as an indicator of whether the change towards

renewables in energy sector will come sooner or later.

Background and theoretical framework

This chapter will be presenting the theoretical framework of my article, which also creates the
theoretical foundation for my empirical findings. Human capital theory and protection
motivation theory is used, as well as literature concerning the current energy development in
Russia, because they provide a theoretical framework and understanding of the current energy
situation in Russia as well as how humans work in order to study students possible effect on
the future carbon emissions policies and actions. Based on theories from human behaviour,

attitude, and perceptions it is developed a model to understand how perceptions is created.

Climate change is a heated topic, and different nations have different takes on how to handle
it. Many parts of the climate change have been up for discussion. It has been discussed if
human activities affect it or not, and if we should do anything to change it. And when
acknowledging climate change it is possible to respond with adoption or mitigation, where
adoption consists of reducing risk to the population from climate change, while mitigation

efforts are focusing on reducing emissions affecting climate change (Semenza et al, 2008).

Significance of decarbonization in Russia

Fossil fuels are the main contributor to global energy production (IEA, 2017), yet their
continued use is unsustainable (IPCC, 2018). Reserves for oil, gas and coal were estimated to
be depleted between 2042 and 2112 in 2009 (Shafiee & Topal) and their use for energy
production accounts for 58% of carbon dioxide emissions globally (IEA, 2017). It is essential

6
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to decarbonise electricity generation by 2050 in order to mitigate climate change (IPCC,
2018). Individual actions can contribute to a rapid reduction in CO2 emissions (Dietz et al,
2009). However, despite the availability of low-carbon and renewable energy sources,
transition away from fossil fuels remains sub-optimal (IEA, 2017). Understanding factors that
motivate reduction of fossil fuel use may inform interventions to increase this behaviour and
contribute to the minimisation of harm (Clayton et al., 2015). Existing theories of persuasive
communication provide one avenue to identifying these targets (Cismaru et al, 2011).

Even if there is an increasing interest in lowering the carbon emissions on a global basis, it is
still disagreements about how to handle the climate change. It exists several nations and
organizations that do not believe in a rapid decarbonization or have shown their scepticism

against it. One of these nations is Russia.

Russia provides 10% of the primary global energy production and is the largest exporter of
energy resources in the world. At the same time, Russia also accounts for 5% of global energy
consumption (Mitrova & Melnikov, 2019). Russiais amongthe top three exporting countries
of gas, oil, and coal according to the International Energy Agency’s Energy Atlas (2020). As
a leading country in the energy sector and the country with the fourth highest carbon dioxide
emission in the world (Henderson & Mitrova, 2020), Russia’s actions are of global interest,
especially since these will significantly affect the world market and climate emissions. At the
same time the country is vulnerable to global market changes since energy exports account for
a large part of the national economy. Close to 70% of Russia’s total petroleum production was
exported in 2016. And the industry accounted for 36% of the country’s federal budget

revenues, making it a key component for the economy (Barden, 2017).

Protection motivation theory

Climate changes represent a threat to the global society. Protection motivation theory (PMT)
is a theory used to explain how threat appraisal and coping ability affects changes in
behaviour. In earlier research have PMT been linked up with the intention to reduce the use of
fossil fuels due to carbon emissions (Kothe et al, 2019).

The theory postulates that engagement in adaptive (i.e. protective behaviour) or maladaptive
responses (i.e. avoidance of or failure to engage in the protective behaviour) in response to a

threat event, is determined by two parallel cognitive processes - threat appraisal and coping
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appraisal (Norman et al, 2015; Prentice-Dunn & rogers, 1986; Rogers, 1975). Threat appraisal
is determined by perceptions of seriousness of the threat (severity); likelihood of personal
exposure to the threat (susceptibility); and benefits of engaging in the maladaptive response
(Prentice-Dunn & Rogers, 1986; Norman et al., 2015). When severity and susceptibility are
high and maladaptive response rewards are low, the overall threat appraisal is high. Coping
appraisal is determined by perceptions of the effectiveness of the adaptive response in
averting the threat (response efficacy); personal capability to perform the protective behaviour
(self-efficacy); and costs that might arise from adopting the protective behaviour (Norman et
al., 2015). High response efficacy and self-efficacy and low response costs result in high
coping appraisal. These processes determine intention to adopt a protective behaviour;
specifically, intention to engage in protective behaviour increases when both threat and
coping appraisals are high (Maddux & Rogers, 1983; Norman et al., 2015; Prentice-Dunn &
Rogers, 1986; Rogers, 1975)

Threat appraisal

Perceived
susceptibility
Perceived severity

Protection - Coping response
motivation

Coping appraisal

Self-efficacy

Response efficacy
Response costs

Figure A: Protection motivation theory. Adapted from Rogers et al. (1983).

Protection motivation theory contributes with a psychological model showing how the
perceived severity of the threat affects the coping response. Studies done in other countries
indicate that people are more likely to let themselves convince about climate change if they
experience the consequences directly. As an example is it is likely to see farmers change and
adapting to climate change in areas where it is getting more difficult to grow crop as a result
of the change (Truelove et al, 2015; Esham & Garforth, 2012; Reser & Swim, 2011).
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Human capital theory

Human capital theory gives focus to the significance education and training have as a key to
participation in the new global economy (Almendarez, 2013). Human capital refers to the

economic value of a person’s skills and experience.

Reading earlier research, the human capital theory have been used to study the dynamics of
climate change mitigation because human capital gives to the creation of knowledge and
development of new products, including cleaner and more energy-saving technologies
(Carraro et al, 2014).

Perception and attitude

Humans’ perception of the global phenomena like climate change was early identified as
crucial contribution to environmental problems and solution by the Committee on the Human
Dimensions of Global Change which is a part of the US National Research Council
Committees (Rayner, 1992).

Based on the research question and literature review | developed a model to show variables

that can affect the perceptions.

[Demogra phics

Social factors

[Psychological

Perception

Eldden happening

Figure B: Factors affecting perception.
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This model is created to find what variables | need to control for in the survey and later

analysis. Each variable can be split up in smaller factors.

The survey is developed with dependent and independent variables to find cause and effect on
the perception. The independent variables are either nominal, ordinal or interval data based on
the nature of the variables. While the dependent variables are measured by either an interval
or ratio scale with 5 or more options, which makes it possible to do statistical analysis.

Demographic:

A factor that is mentioned in many earlier research projects are that attitudes correlates
strongly with knowledge and age. Karlstram & Ryghaug (2014) found that people above the
age of 60 often is against the use of renewable energy.

Semenza et al (2008) found that high-income individuals in Huston and Portland was more
likely to be aware of climate change than low-income individuals. They also found that
women in general was more concerned about the climate than men, this is also a factor
mentioned in other articles. While Ek (2005) found that the individual support of wind power

decrease with age and income in Sweeden.

Resistance against non-conforming bias is one of the other factors working against new
information. Humans unconsciously seeks consistence in already existing believes, and
therefor overlook new information that undermines our already existing understanding, this is
working against possible attitude changes due to new information and knowledge (Maas et al,
2003).

According to Guo et al. (2021) it is usually three factors affecting attitude and behaviour
toward climate change, personal attributes (such as age and gender) go in under the
demographic factor in my model. They highlighted socioeconomic factors (such as social
network and sources of information) and psychological factors (experienced change, value

systems) as the other important factors affecting the behaviour toward climate change.

Social factors:

Social factors include socioeconomics, sources of influence, social networks and

communities. Socioeconomics affect societies progress, stagnation or stagnation based on the

10
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economy on local, regional, or global level. It measures economic activity and institutions up
against ethical values (Hellmich, 2015). This is very relevant in the Russian context since the
energy industry is heavily tangled up with the Russian economy.

If the information flow in favour of the opposite attitude increases continuously, at a point
people will change attitude (Maas et al, 2003). This correlates with the earlier mentioned
correlation between attitude towards the green shift and knowledge (Karlstram & Ryghaug,
2014). Age can also be related to knowledge since both schooling and the social environment

have changed with time.

A study from North-West Romania indicated a positive attitude towards renewables from
young and highly educated individuals, and that the greatest barriers is created by lack of
knowledge as well as cost (Arion et al, 2018). They also pointed out that the government
supports the renewables development, and that its use is rising. The Romanian policies
regarding renewable energy are very different from the Russian, where renewable energy get
nearly no attention (Ministry of economic development of the Russian Federation, 2020).
Variation in perception related to climate change can be associated with political believes and
other cultural values (Weber, 2010).

According to Fan (2017) is social media the most influential source when it comes to
environmental information, while education is known as the secondary source. At the same
time as social media are linking the global society together, what you get most exposed for
can vary from geographical position and the social environment people already are living

within.

Community is an important concept when it comes to social thought. There are many different
definitions of community (Muniz and O’Guinn 2001). It usually consists of characteristics
such as “Consciousness of kind”, referring to the intrinsic connection members within a
community feels toward each other, and a feeling of differentiation they have concerning
individuals and groups outside of their community. Tradition and shared rituals is another

factor communities often shares.

A country is often described as a sort of a community. Its inhabitants share more than just a
geographical area, they also share the law and other norms, values, customs, and identity.
Religion, common history, traditions, language, and a similar education are some of the

aspects that often binds the inhabitants together (Tonnies, 2002)

11
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Psychological:

Variation in perception related to climate change can be associated with political believes and
other cultural values (Weber, 2010). If a person lives in an interdependent social world where
it is many rules on how to behave, it becomes important for the human to consider the context
and relationships. While living with more individualistic and independent social
circumstances make the person more concerned of the main object, without taking to much
attention on other persons wants and needs (Miyamoto & Nisbett, 2005). Esham and Garforth
found that social barriers as cognitive and normative factors was equally important as other

socioeconomic factors when it comes to adoption toward climate change (2012).

Emotions is another factor routinely affect our perception, Clore and Zandra (2011) did in
their article about emotion and perception write: “Fear, for example, can affect low-level
visual processes, sad moods can alter susceptibility to visual illusions, and goal-directed
desires can change the apparent size of goal-relevant objects”. Emotional state can also affect
if a person’s attention is focused globally or locally (Clore & Gasper, 2002). This can affect
the individual’s perception on decarbonization because it is possible that what the individual
view as the best for the planet or the global market are not the same as what he views as the
best for his own nation, let alone the even smaller local community the person lives in or the
social group he belongs to. This means that the local community may have a large impact on
the persons perception, and that the emotional state can move the perception between factors
such as that the local workplaces and economy are very dependent on the existing oil sector
therefor it is most important to guard the industry as it is, and that the world’s climate is
dependent on a change in the energy sector therefor decarbonization is most important. But
this does not mean that the answers gotten is affected by the current mood of the participants,

it only means that this is a factor that may affect an individual’s perception.

It is also found that a individual’s emotional involvement affect how extreme an attitude is,
and how easy it is to change that individuals attitude. High emotional involvement lead to a
stronger and often more extreme attitude. And a strong and extreme attitude will be more

difficult to change or influence than a weaker and less extreme attitude (Maas et al, 2003).
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Sudden happening:

Behavioural research done in the past 30 years is strongly suggesting that attention-catching
and emotionally engaging informative interventions can be required to awake engagement to
climate change (Weber, 2010)

Rare climate events as frosts, flooding or droughts seem to have a smaller impact on humans’
general perception, this is explained with the fact that it rarely happens, and it can even more
rarely be said to have happened recently, and recent happenings is given more wight than
distant events. But when rare impacts do happen, they have a bigger impact on decisions than
what is warranted by their probability. It is also found that learning by personal experience is
preferred attending over learning from statistical description. Personal experience does
quickly make associations, in this case turning the experience into feelings like dread, fear or
anxiety for the climate. This influences the perception, and the whole process goes
automatically. The same cannot be said by statistical description which both is a slower and
requires effort from the individual (Weber, 2010). At the same time flooding will not cause
any change in perception of climate change in those instances where the person do not know
the correlation between climate change and flooding.

Higher emotional involvement leads to a stronger and more extreme attitude, which creates a
higher barrier for attitude change. At the same time a lower involvement makes the human
mind more open for attitude changes, leading back to sudden happenings as well as education
and social exposure of information (Maas et al, 2003). Therefor how extreme a sudden
happening must be to affect a perception change wary on the already existing level of

involvement.

It can be questioned if sudden happenings are relevant for the Russian energy development
today. No sudden happenings have been able to shake the Russian energy developments this
far. But it is still possible that a new one may be able to affect Russia in the future, even
though there is no clear sign of such an happening today. It might be that Russia is dependent

on a sudden happening to change.
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Methodology

This chapter is meant to give a more in-depth explanation of the methodology than the article
will show. Even though some of the key elements will be mentioned both here and in the
article, to ensure clarity this chapter will investigate design and many practical parts about the

method that is not mentioned in the article.

During my education | have gotten Russian students, politics, energy industry and culture to
know. And | have gained interest in their national politics and the energy industrial
development. Russia is a large country with a lot of influence, and it is the largest energy
exporter in the world. This makes their development relevant on a global level. Therefor |
welcomed the opportunity to further explore a part of the development in Russia that is
familiar to me, and to contribute to NUPIs project about the Russian perspectives on the

energy transition.

Method design

When method design is chosen it is important to gain a clear understanding of the framework
that is used to gather primary data. In this research project the goal was to get a description
about how the Russian students of today think about decarbonization and energy transition.
Survey analysis was used to find the answer in this thesis, because a survey makes it possible
to measure trends among a large group of people.

This project with the master's thesis was a long process. Completing the final result, with both
the cape and the article, was only a small part of the process. When writing an article or a
master's thesis like this, it can quickly look like there has been a linear process where you start
with a plan and execute it step by step until the plan is complete. This has not been the case
through the work on this thesis. | started with a plan, but after that it was far from a linear

process, the work went more through a hermeneutic process from beginning to end.

A hermeneutic circle consists of the totality of what happens when we interpret a text and
form an opinion of its content, from our assessment of the sender’s background, situation and
intention to our assessment of the text itself and the medium it reaches us through, and on to

our own self-reflection (Bontekoe,1996). This is how meaning is formed through the process
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of interpretation, regardless of whether we are aware that the process is taking place or not. |
used the hermeneutic circle to make myself aware of my own and the text's horizons, and to
let this awareness be part of the process of creating meaning in a text. The parts are
understood and interpreted from the whole - and the whole is understood and interpreted from
the parts. That is, as a circle or spiral, with a mutual exchange relationship between parts and
the whole. This is how our perception and understanding of the parts and the whole changes
and expands through the process of interpretation (Crotty, 1998).

In this project, the hermeneutic circle was used to understand what was important, and how to
handle the results we got. Over the last six months, there has been a lot of back and forth, and
several important parts of the thesis have changed a lot since the project began.

It all started when | was asked if | wanted to be part of Nupi's Kodak project. Since the project
dealt with something | have a great interest in, namely energy transition, and | could get the

opportunity to experience working with such a project, it was easy for me to say yes.

After the first meeting regarding this project, | knew the following: | wanted to contribute to
this project by writing about attitudes among students in Russia regarding decarbonization,
and | wanted to figure out if there was any Kodak moment in sight as a result of these

attitudes.

After that | started reading up on the topic, and started my first part of the literature analysis.
This was a job that took a lot of time, and at the same time gave little visible result as it was
difficult to know what was relevant and how | should attack the task. In retrospect, | see that
this part of the work, which at that time seemed unfruitful, was very important for the
foundation of my thesis. It did not result in much text, but it contributed a lot of knowledge,
and an understanding of the issue I could never have acquired without these countless hours
spent reading published articles and documents. | read about how attitudes develop, about
Russia's political situation, about attitudes and energy transition in the rest of the world. |
learned about a lot that influenced the direction my master's thesis eventually took and that
comes through it, and | learned about a lot that | did not need in the final product, but which |

still would not have been without.

After the first literature review, which was both chaotic and structured at the same time, it was
time to design the model. Due to a literature review and conversations with supervisors, | had
at this time come to the conclusion that we should shift the focus from attitude to perception

because the latter was easier to measure. It was also questioned whether it would be possible
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at all to confirm or deny one Kodak moment through such an article, and this was something

that was pondered a lot throughout the life of the project.

The model was carefully designed to capture the essence of the important factors that
influence perception. The first versions of the model were much larger and more complicated
than the one I show here as figure 1. But it was stripped down to the most basic for the sake of
clarity, with the thought that it could be edited later when I had gained more knowledge and
gained a clearer direction of my thesis could build on it with the factors that were most
relevant to my particular project. Then I created an extended model describing the full process

of the specific article created as can be seen as Figure 2 in my article.

Questionnaires were developed based on the model and literature, and the work with this was
one of the really time-consuming works in this project. A draft was first made with possible
questions based on the model, literature and previous studies that could be reminiscent of
mine, and this draft was changed many times through reading new literature and good
discussions and feedback from supervisors. The final result was not finished until February,
and very few of the questions | ended up with were to be seen in the first drafts. The only
questions that remained constant were the questions about age and associated institution, so

this was a long hermeneutic process.

When the questionnaire was sent out, it was time for even more literature review, and the first
real attempt to write part of the article, namely the introduction, was underway. | have written
about the hermeneutic process earlier on page 14, and here | find it appropriate to point out
that everything | have done with this task has gone through the entire hermeneutic circle
several times. It has gone from literature search to draft, to new literature search to new draft,
to guidance and new changes again and again and again.

At one point, we had collected enough answers to the questionnaire, and it was time to start
analysing received data material. The data contained in the web form had to be coded first
before it was downloaded in SPSS for processing. In the beginning, a lot of descriptive
statistics were reviewed to explore which parts of the material seemed interesting to go deeper
into. Among other things, it was discovered early on how many of the participants had never

heard of decarbonisation before, which was a very interesting discovery.

Regression and t-tests were performed in search of significant correlations. The data were also
divided into groups to see if they behaved differently and showed clear trends if several

variables were merged. For example, everyone who studied business administration or similar
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subjects was merged into one variable, and everyone who studied other things was merged

into another variable.

The results of these tests were often that there was no significant correlation, which at one
point made me very unsure if this task would work. But then with the help of some reflection
and conversations with researchers with experience, it became clearer and clearer that the lack
of significant correlations was not a defeat, but that it was instead my discovery. My first
hypotheses based on the literature review were that there would be significant correlations to
be found, but my results refuted that this was the case in my study. Among my participants,
there was both little knowledge and little commitment to decarbonization. The study showed
that neither the school nor society focused on informing students about this topic, and that
there was no revolutionary driving force among these students that is likely to change how
Russia handles decarbonization in the future. This was a surprising finding in that community
involvement in decarbonization has been taken for granted in research in other countries
(Souvik & Sourav, 2017). At the same time, it is in line with previous research on energy
transition in Russia, which concluded that there was little will and slow change when it comes

to energy transition in Russia.

Based on current energy policies and scenarios | created four different future energy
scenarios. They were produced to be as neutral as possible in choice of wording, so that the
respondents were not affected by negative or positively charged words. They were also all
written with realistic wording that should enable the respondents choose the scenario they see

as most likely to happen over the next 10 years without any influence from the questionnaire.

The first scenario they are presented with in the questionnaire is one scenario where Russia
invests fossil fuels to an even greater degree than they already do today, where a bigger
volume results in even greater emissions than what Russia has today. This is compatible with
existing forecast that expects fossil fuels to have its peak no earlier than in year 2040
(Caineng et al, 2016). While the second scenario is that energy production looks the same in

10 years as it does today.

The third scenario is named energy mix and is inspired by a change we already see hints of
today through the drafts released from the Ministry of economic development of the Russian
Federation (2020). It assumes that nuclear power and hydropower will be the two carbon-free

energy producers that grow and account for much of the decarbonization process.

17



Ida Margrethe Norum 2021

Hydropower is the only renewable energy form that is large in today's Russia, while nuclear

power is an object of investment these days (Khrushcheva & Maltby, 2016)

The fourth scenario is the one including the largest change, where there is a noticeable growth
in all forms for renewable energy, and where Russia follows the goals set by EU. The
scenarios are formed a bit moderately because changes regarding energy production often
takes many years. If it consists of setting up a new platform or creating a wind power
plantation it is a large and expensive project concerning many stakeholders, everyone from

the government to the closest neighbours might have something to say.

It was also set up scenarios to figure out if the students saw themselves working toward
decarbonization in the future or not. This to figure out if them themselves would like to make

a change within the energy industry.

Journal

Writing an article, I also needed to find a journal to publish it within. This is a decision that is
evaluated over time. | used different methods to find the right journal. First of all, I got to
know different relevant journals through my literature search. | recognised that it sometimes
was several articles which was very relevant for my research in one single journal. This
showed me that my article was relevant for them as it would add a new angle in an already

existing discussion.

| also retrieved recommendations from more experienced researchers in my network, and |
searched for journals linked to energy, decarbonization/carbon emissions, sustainability,
climate change or development in Russia in the Norwegian register for scientific journals,

series and publishers at NSD.

After | had found a sample of over 10 journals that potentially could fit my article | sat down
and considered each one of them, giving them scores based on level of journals as well as

relevancy.

The Norwegian register for scientific journals has a quality measurement divided into
different levels. All registered journals are recognized using the weighted funding model and

journals approved as scientific publication channels will be listed here.
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The approved journals will be ranked as level 1 or level 2 journals, where level 1 is the lowest
and level 2 is the highest ranking (NSD, 2021). Publishing in these journals can yield
publication points for the institutions publishing, and they also have a higher reputation than
the journals that is not approved. If a journal is not listed in the register at all it does not
necessary mean that it is a bad journal, it might just have not been evaluated yet since it is a

lot of journals out there.

| decided to reach for a level 2 journal with the name “Journal of Cleaner Production”. I
choose this journal because it is a journal that focus on environmental and sustainability
research and practise. They aim at discussing “encompassing environmental and sustainability
issues in corporations, governments, education institutions, regions, and societies” (Klemes et
al.). There is published articles in this journal before that focus on perception of zero
emissions within governments and industries, and I consider my article a good addition to this
discussion. Publishing in a level 2 journal is demanding when it comes to the article’s quality.
The topic perception of decarbonization among Russian students are highly relevant and the
analysis is built on a large data material which makes the findings representative to a
satisfactory degree. It will be a good addition to the discussion about carbon emissions and
energy transition in global context, since Russia is a very important energy nation, and their
production has a large impact on global emission targets. Because of the relevant topic and
the implications of the findings, | found it reasonable to strive for publishing in a journal such
as the Journal of Cleaner Productions where it has a larger visibility towards researchers and
groups or institutions the research is relevant for than it would gain in a journal of non-

existing or lower level.

Data collection

The data collection is divided into two parts: Finding relevant secondary data, and my own

data collection through a survey.

Secondary data is already existing research, reports, and publications that researchers gather
to reuse in their own research (Yin, 2018). | used secondary data to do a literature review, to
inspire development of the questionnaire, and to continuous comparison throughout this

thesis. | find the data by searching in peer-reviewed journals and search engines as Springer,
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Tandfonline, Scopus and Google Scholar on terms relevant to my research question.
Publications where it is done studies with some similarities to my own on perceptions and
attitude toward energy transition is highly relevant and can be used both as an inspiration and
comparison to my own findings. | have not found research completely similar to this one

regarding the chosen countries, but the literature review still identifies relevant research.

| also search for more theoretic background on human attitude and perception, and about how
the four countries are doing right now concerning decarbonization. When searching | used a
variation of search strings with similar meaning to find as relevant articles as possible.

bR EN1Y b 1Y 9% ¢

Searching for strings like “decarbonization”, “energy transition”, “green shift”, “energy
neutrality”, “renewable energy” combined with “attitudes”, “perception”, “policies” and
“politics”. National policies, company policies in dominating energy companies, scenarios
and other information were also investigated and used to give an impression on the current

situation.

Sampling

As soon as the questionnaire was completed, it was sent to the selected universities in Russia.
These universities were recruited through convenience sampling. When it comes to the
questionnaire the goal was to send out questionnaires to different universities in Russia.
Through my available research network lecturers at 6 Russian Universities was recruited to
convey a link to the questionnaire in their classes and give the students time during the
lectures to answer them. In this way the lecturers encouraged students to attend the survey.

It was important to send out the questionnaires early since it takes time to distribute it to the
right places and get participants to answer. It was also the most important part for my analysis
and contribution to the field. It is important to get enough participants to make the answers
representable so it can be used in further research and give a realistic picture of the existing
situation. Using the network to ask the lecturers for help was a way to archive this goal, and it
is reasonable to believe it could have been much more difficult, and even could have been
impossible to get so many relevant answers in such a short timeframe without any help. To
avoid language confusion and get more people to answer the questionnaire was translated to

Russian.
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The sample size is an important factor when reporting differences or describing how
representative the study results is. The answer rate was unequally distributed with different
answer rates from the universities, and | treated the data material accordingly to make sure a
low answer rate among some categories did not make my analysis unreliable. The goal was to
get at least 200-300 respondents from the students, and the thesis ended up achieving 380

usable respondents.

Survey

Handling of data material about private individuals is strictly regulated by law in Norway. To
secure that the survey and data handling followed these regulations I reported the research
paper to NSD and described how I planned to execute both the survey and the data handling.
NSD considered that no information that was acquired in the survey process could identify
individuals participating directly or indirectly in this project, as long as it was carried out in
accordance with what was documented due to my report as can be seen in Appendix B. This
meant that the project could go on without further assessments from NSD, as long as it was
made sure that the digital questionnaire provider used could secure that IP- or e-mail address
of the participants did not connect to the answer. The chosen questionnaire provider in this
project was Nettskjema, a provider | got recommended to use both from Nord University and

NSD due to its security.

The questionnaire has been tested towards a control group which is my fellow students
studying Energy management, to see if the questions are interpreted as they are supposed to
and if the answers will be clear and reliable to use in the analysis. They delivered constructive
critique that made me able to alter the questionnaire to the better. | have also shared and
discussed the questionnaire with researchers at the High North Centre, as well as received
feedback from one of the researchers at NUPI. The final questionnaire is adjusted due to the
mentioned feedback and discussions. The survey was made to be completely anonymous, and
I choose not to ask about personal information. This because it was not necessary to collect
personal information to answer my research questions, and some responders might feel freer

when the answers are anonymous (Gillham, 2008).
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Most of the questions in the questionnaire are independent variables asking about gender, age,
what education they have, if they have studied any courses related to decarbonization, if it is a
topic, they show interest for etc. And then I have two dependent variables, concerning
perception and attitude. Asking about what energy scenario they find most likely to be the
situation in their country in 10years. Based on this scenario they also was asked if they
believed their country will be ahead, on the same level as or behind the rest of the world
regarding development of decarbonization. The last question asks where the responder see
himself in the future, if he will work with fossil fuels, renewable energy, or something else,

and if they will engage in decarbonization.

Data analysis

After collecting the survey, | did a correlation analysis between the variables to see how
significant these correlations are and make an interpretation of these findings. The findings
were then compared with the earlier literature review and other secondary sources, as well as

the initial hypotheses.

| received 453 answers in total. To process the data, | first coded it, then downloaded it into
the analysis program SPSS. Then I first used the program to find flawed and missing values.
Having a strategy to handle missing values is important to prevent biased estimates, distorted
statistic, and conclusions that is invalid (Acock, 2005). There are many ways to handle
missing values. In this project it was chosen to remove the missing values listwise, which
means that the participants with missing values was removed completely from the dataset.
Listwise deletion was chosen because the missing values of the dataset was missing
completely at random, and listwise deletion is considered an unbiased way of handling these
type of missing values (Acock, 2005). 380 responses were left in the dataset after deleting the

respondents with missing values, and this is the data all the results in this study are based on.

Descriptive statistics gained from the survey was highlighted to describe the situation among
students in Russia today. And t-tables and regression models were used to find correlations
that could explain the findings. The goal was split into two parts. First it was researched what

kind of perceptions and attitudes the students had toward decarbonization, then it was
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examined why the students developed the perceptions they had, and the extent to which

demographic, social or psychological factors affected their perceptions.

Another model was created during the data collection and writing process. This model works
like a flow-chart, and is meant to illustrate the process from beginning literature review to the
conclusions. The model begins by describing factors identified early on as important factors

affecting perceptions.

Demographics ‘ ’ Social factors ‘ ‘ Psychological ‘ ’ hasgggr?i'r]\g {
Perceeved energy f:ure among students
1
Descriptive :urvey results > Re:ms
' }
Basic futures :f respondents | ’ ’ ' Peroeptio:& attitude ’ ' Correlation mo;lels evaluation
Discussion & policy suggestions
L
Importance of edujation & knowledge ‘ L Influence of soci:econom‘c context '
| ! | !
Implement knowiedge about Scientific research &
decarbonization in curriculum propaganda of best practices

Figure C: Early conseptual framework of students decarbonization perceptions.
The model describes both the scientific process as well as how different factors have the
power to affect how the students think. While this model still is a bit generalized, there is an
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altered version in the article which emphasise even more on the specific survey results

gathered during this research project, identifying what factors the survey found important.

Findings

Drawing on the conclusion stakeholders wanting a decrease in carbon emissions within
Russia are encouraged to engage in actions to spread information regarding the topic and try
to introduce decarbonization as part of the school systems curriculum. This is especially
relevant for the students studying fields relevant to the energy industry. Knowledge and
awareness on how carbon emissions affect the climate have the potential to make the energy

industry transform in a more prominent way than it is today.

The findings that are presented in the article’s results show that there is little knowledge about
decarbonization among the students. The students’ perceptions do not clearly prefer one of the
presented scenarios, but the scenario with most renewable energy was least popular. There
was neither any signs showing many students wanting to work toward lower carbon emissions
in the future. All of these points toward a discussion and conclusion that there is low
engagement among the students when it comes to decarbonization, and there is no sign that

they are going to function as drivers for change in Russia.

Therefor the findings indicate that Russia’s Kodak moment have not yet happened. If EU and
the global industry is successful in producing enough renewable energy to phase out the
energy import based on fossil fuels. The students do not see it as likely that Russia will follow
the market change, and there is an overweight among students who believe Russia will
develop more slowly than the global market when it comes to decarbonization compared to
those who believe Russia will develop faster than the rest of the world. It is possible that
Russia will be forced to change in the future if action toward decarbonization are not taken
based on the survey. And according to the “Kodak-moment” theory will a forced change

come at a greater economic cost than a chosen one.

The survey revealed that in general, carbon emissions are to a large degree not a topic the
students participating in this survey habitually discuss. However, the survey created some
engagement, something that was very prominent at the last question, which was an open text
box: “Do you have any comments or reflections to add regarding this survey?”. Many
students responded. Several responses stated that they did not know what decarbonization was
before completing the questionnaire, but they actually felt the survey in itself had helped them
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understand what decarbonization is. There were comments stating that they were very
interested in this topic and that they hoped to connect their future with it, and comments

suggesting that decarbonization was both unprofitable and harmful.

Limitations

In this paper the Russian student’s perception of decarbonization is explored. It is looked at
how different demographic and social factors affect this perception, and attitudes toward
making a change when it comes to carbon emissions have been researched. However, there is
limitations that must be acknowledged. First, after receiving the results it came clear that there
might have been more efficient to use a five- or seven-point Likert scale in the questions that
only have a four-point Likert scale. This because it turned out difficult to find significant
correlations based on the scale that was used, and a larger scale could have made the statistics

more clear and easier to interpret.

In addition, the universities compared was all taken out from an already existing network.
Convenience sampling can be perceived both as a strength and a possible limitation. Even
though the universities were in six different cities the universities could have been chosen in a
more structured way. But as mentioned above there is a probability that this study would be
impossible to fulfil in this amount of time without using the existing network. The universities
did also have a good geographical spread, showing perceptions from different parts of Russia.
A weakness is that two of the contributing universities had a high answer rate, and the other
four had a smaller impact on the results. Evening out the answers from these 6 universities

would have been an advantage.

This as well as limitations introduced in the article make points out several parts of working
with the thesis that could be improved based on the results it ended up with. Nevertheless, this
study could be useful for policymakers and those managing the curriculums for the
universities. Or other organizations with an interest in making the population aware of and

engaged in the carbon emission development.
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Part 2: Scientific article

Is there a Kodak moment? -Survey of Russian students decarbonization

perceptions-.

Highlights:

e Decarbonization in Russia from the students’ perception is analysed.
e Only 49.7% of the respondent had not heard about decarbonization before this study.
e Two key influencing factors: education and gender.

¢ Relation between possible factors affecting perception.

Abstract

Decrease in carbon emissions from the energy industry is seen as one of the important actions
to stagnate the global climate change. The energy industry has been dominated by fossil fuels
in over 200 years, but the latest years a third transformation in energy development has been

introduces, transforming from traditional fossil fuels to non-fossil renewable energy.

Russia is the world’s biggest energy producer but are not partaking in the transformation to
the same extent as for example the European Union. Because of this Russia’s energy future is
of global interest. It is also very important for Russia itself since their national economy are
heavily tangled up with their energy production, and failure to follow the market trends can

get severe consequences for their economy.

The understanding of perception toward decarbonization among Russian students have not
gotten attention from earlier studies. This study focusses on what perceptions the students
have toward Russia’s future participation in the energy transformation, with a special focus on
decarbonization. While using correlation analyses to explore the underlying principles of the
student’s perceptions and their understanding of decarbonization. When finding participants it
was given a special focus towards students that might work with the energy industry in the

future.
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Through a survey study with 380 students from 6 different universities in Russia we found
that: 30% of the participants believe Russia will be behind the rest of the world in 10 years
when it comes to development of decarbonization; 49,7% of the students had not heard about
decarbonization before; 70% of the participants have never discuss decarbonization among
friends or family, and only 10,8% of the participants have ever taken a class at school

regarding decarbonization.

Key measures to enhance change in perception among the students include tailored and

specialized education at the universities and publicity of best practices.

Keywords
Decarbonization, Students, Russia, Perception, Carbon, Climate.

1. Introduction

Decarbonization is no longer just talk, it is in motion and the engagement spreads across large
parts of the globe (Dasandi et al, 2021). But still there are countries that do not engage in the
decarbonization-movement. This study investigates if the younger generations perceptions as
well as attitudes indicates a turning point in areas where decarbonization has not been
prioritized. Even countries reluctant to change might be forced to by market powers. Failure
to foresee and develop in line with market trends as well as technological changes threatening
existing business models can lead to a situation described as “Kodak moment” where waiting

to innovate until it is forced can come at great economical cost.

Decarbonization is an important tool for dealing with climate change, which is considered an
obvious threat to humankind (National Academies of Sciences, 2019). Researchers have
found that the global temperature is increasing, creating extreme weather events such as
hurricanes and heatwaves threatening both ecosystems and society (IPCC, 2018). It has been
found that within a few decades we will reach the point of no return if the ongoing trends with
CO2 emissions continue, and politicians, organizations, and individuals are looking at

decarbonization to “save the world” (Jackson, et al., 2018).

Decarbonization, in a narrow sense can be defined as a “decrease of CO2 emission intensity

in a trend” (Sun, 2005). In the energy sector the decarbonization process consist of phasing
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out carbon emissions from the use of fossil fuels. It includes actions such as reduction in the
use of fossil fuels, increasing the use of carbon capture, and of renewable energy sources like
wind power, solar power, and biomass to reduce the emissions of carbon dioxide into the
atmosphere (Mitrova & Melnikov, 2019). Decarbonization is a part of the ongoing energy
transition and is driven both by the climate agenda, technological progress, national economy,

and each country’s need for stronger individual energy security.

As the major source of carbon emissions, the energy industry plays a fundamental role in
minimizing the impacts of rapid climate change (Beck & Joshi, 2015). And since climate
change has serious consequences for all nations it is a hot topic among researchers,
politicians, and the general public. It is debated to what degree we should take actions against
the change and there are questions about how much we need to do in order to avert a crisis.
Some argue that we rather should focus on adapting to the change rather than working against
it (Hakkinen & Akrami, 2014) (Wang & Zhang, 2020) (Ntanos et al, 2018). The debate also
involves how much should be sacrificed in order to try to combat climate change, because

large parts of the world economy are dependent on the fossil fuel industry.

One factor known to affect the development within the energy transition that is lacking further
investigation is the social dynamic changes within a population. For example, getting a new
generation into the workforce can affect the development in carbon emissions. This is the
inspiration for this project, where I will study students’ perceptions of and attitudes to
decarbonization. Both perception and attitude will sometimes differ from the reality, but these
are seen as factors affecting and determining behaviour (Arbuckle, Morton, & Hobbs, 2013).
In this study I reached out to students in higher education about to enter the workforce to
identify the existing trends and see if these students have perceptions or attitudes that
contradict or confirm earlier studies on energy transition and decarbonization in a Russian

context.

Every generation has its own traits distinguishing it from other generations (Gardner & Davis,
2013). Generation studies tend to point to a transformative and universal change in young
people’s attitudes compared to those of their predecessors (Twenge, 2014). And according to
a large-scale study done among 10 000 young adults is climate change the single biggest
worry for 18-25 year olds today (Amnesty International, 2019). Young people are powerful
drivers for change in behaviour according to De Leeuw et al (2013), and several studies have
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been conducted on how new generations and young people will affect society in other
countries (Desrues, 2012; Wyn & Woodman, 2007). According to Xiaofeng et al. (2019) the
degree of social cognition affects the choices of institutions. While Mirza et al. (2009) found
that raising public awareness of benefits concerning renewable energy facilitates the
implementation of renewable energy projects. When discussing factors affecting students’
perception toward decarbonization, three types of factors are considered, including students’
personal attributes (e.g. gender, age, education, agricultural experience), psychological (e.g.
perceived change of temperature or precipitation) and socioeconomic factors (e.g. social

network, workplaces, access to markets).

Global studies about renewable energy have acknowledged public awareness as a factor
affecting decarbonization but have chosen not to dive into it because they argue that on a
global level it is a public consensus that decarbonization is wanted (Xiaofeng et al, 2019;
Souvik & Sourav, 2017). However, this is a very general statement, and in the Russian
context the consensus is not to be taken for granted since Russian climate policies have
differed from those in the West and large parts of rest of the global community (Forbes &
Stammler, 2009). A draft was released of Russia’s long-term strategy to let carbon emissions
increase until 2030, and not go down to a net-zero emission until 2100 (Ministry of economic
development of the Russian Federation, 2020). Whether or not Russian students agree on the
plan presented in the long-term drafts and their perceptions of the future may help us
understand if there will be a change in carbon emission development in Russia, as well as
other nations with similar strategies, in near future. The students will eventually be forming
the energy development of their country, either directly by working in the industry, or

indirectly as consumers and citizens.

Young people are much less likely to believe oil and gas is good for society. And in a survey
executed in America it was found that 62% of 16-19 year-olds and 44% of 20-35 yearl-olds
find a career in the industry unappealing (EY, 2017). Despite its high salaries has the oil and
gas industry struggled to hire new young workers, and the number of business graduates
choosing a career in the industry dropped 40% between 2006 and 2017, and later has dropped
16% from 2019 to 2021 (EY,2017; FT,2021). 91% of students care about working for an
ethical company, and 67% considered it unethical doing a job that contributes to climate
change (Trendence U.K., as cited by WorldQil, 2019).

A survey conducted for financial times by linkedin based on starting careers of 3,5 million
business graduates around the world found that while graduates choosing a career in oil and
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gas has fallen by 40% since 2006, graduates recruited into renewable and environmental
industry has increased by 20% (FT, 2021). This article search to find out if this also applies to
nations hesitating to decarbonization today.

In terms of national and local practices, every nation has its own approach to the topic,
formed by the culture, the national research, the traditional political system, and the
consequences they face (Halder et al, 2016). Therefore, different nationalities also have their
own scenarios based on how the country follows up on decarbonization. Research at national
and local levels has yielded insights into local strategies and their impacts (Guo et al, 2021;
Mitrova & Melnikov, 2019; Halder et al, 2016). This study is researched in a Russian context,
while the framework is based on perception development in general and can be adopted to

studies researching perceptions in other countries as well.

Russia is one of the countries being criticized for not doing enough to decarbonize (Doyle &
Farand, 2020; Ross, 2020). Students’ perceptions are especially interesting in Russian context,
since Russia is one of the leading energy producing countries, and their future climate policies
and actions will significantly affect the rest of the world (Ross, 2020). Whether changes
regarding decarbonization are made is of great relevance, likewise what measures and actions
are needed to provoke such a change. Even though other factors may not show signs of rapid
development, social cognition can change the market in a relatively short time if the trend

among the younger generation is strong enough.

Research on Russia’s position in the energy transition has shown that the country have been
slow to react, and that the prospects for change are poor (Henderson & Mitrova, 2020;
Porfiriev & Roginko, 2017; Fortov & Popel, 2014). It is found potential in resources that
could be developed within the country, but the will to develop renewable energy as an
alternative to fossil fuels is lacking (Mitrova & Melnikov, 2019). Other studies focus on the
existing transition, taking a more optimistic view of the development, even though it is still
slow (Koch & Tynkkynen, 2019).

The purpose of this study is to identify students' perceptions of decarbonization in their
country, what influences such perceptions, and what attitudes the students themselves have
towards working towards decarbonization in the future. And to investigate how the
development towards decarbonization in Russia might change over time. A better

understanding of how attitudes to and perceptions of decarbonization are formed can be used
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as a roadmap for key stakeholders as to how and where to change in a meaningful way when a
change in perceptions and attitude is desirable. It can indicate how information about
decarbonization should be handled to reach young people and make a change. Therefore, we
are investigating the students’ views towards decarbonation in Russia as well as the factors

that can form those views.

2. Literature review and model development

Earlier studies point to the slow development of decarbonization in Russia both now and in
the near future (Henderson & Mitrova, 2020). Public awareness has been acknowledged as a
factor affecting decarbonization, but it has not been further investigated within the Russian

decarbonization context.

A conceptual framework was developed based on factors identified in the literature review as
influential when it comes to perceptions, with emphasis on research in conjunction with
climate change and/or sustainability. A psychological process perception and adoption to
climate change and decarbonization is assumed. Individuals tend to choose their behaviour
patterns based on perceived change, impacts and adaptive capacity according to protection
motivation theory (Rogers, 1975), and intentions to work toward decarbonization are highest
when the risk of climate change is perceived as high combined with a belief that they can
cope with the threat (Kothe et al, 2019). As the individuals are aware and looking at both risks
and loss associated with decarbonization, they might evaluate costs and benefits of coping

strategies, and then determine if they want to take adaptive actions (Guo et al, 2021).
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Figure 1: Conceptual framework of students decarbonization perceptions.

Then I created a survey with questions intended to elicit the students’ awareness, perceptions

and attitudes to decarbonization, as well as what influences them. The questionnaire was

based on an early literature review identifying demographics, social factors, psychological

factors and sudden happenings as decisive factors affecting perceptions (Guo et al, 2021;
Arion et al, 2018; Weber, 2010).

Guo et al. (2021) identifies three factors affecting attitude and behaviour toward climate

change. Personal attributes (such as age and gender), socioeconomic factors (hereunder s

ocial
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network and sources of information), and psychological factors (experienced change, value

systems).

A factor that is mentioned in earlier research projects are that attitudes correlates strongly
with knowledge and age (Arion et al, 2018; Karlstram & Ryghaug, 2014; Ek, 2005). It was
also pointed out that the use of renewable energy was rising where the governments supported
it. Therefor variation in perception related to climate change can be associated with political

believes and other cultural values (Weber, 2010).

Sources of information have been noticed as an important factor in earlier research. Fan
(2007) found that social media is the most influential source of environmental information,
with education as the second most influential source. This may vary from geographic position.
The survey used sources of information as one of the independent variables to see what and
how sources of information influenced the sample group of students.

As well as eliciting students’ existing perceptions and attitudes, this study also researched
what factors that are most crucial in forming a special set of perceptions of and attitudes
toward decarbonization. The perceptions may differ due to the length and specialization in the
students’ education, what sources they use to acquire information or other demographic
factors. A better understanding of how perceptions of decarbonization are formed can be used
as a roadmap for key stakeholders as to how and where to change in a meaningful way if a
change in perception or attitude is desirable. It can indicate how information about
decarbonization should be provided to reach young people. Universities play an important
role in the provision of sustainability due to the special educational mission in society
(Dagiliute et al, 2018; Yuan et al, 2013). By preparing and formulating appropriate curricula
and syllabi, the university can shape students’ personalities with certain provisions, in this

case their views on carbon emissions.

An interesting perspective in this survey is whether Russian students are aware of the
possibility of swift decarbonization of the global energy supply, and if they have heard about
decarbonization at all. If they have not heard about decarbonization it will be more difficult to
answer the survey for the participants since they have not had time in advance to reflect on the
topic as it is today. The answer to this will help understand how the social and learning

environment are concerning decarbonization among the students of today in Russia.
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According to a study conducted in Lithuania, individuals with knowledge about “climate
change” are more likely to work towards it than are individuals who are unaware of the topic
(Dagiliute et al, 2018). However, the outcome among Russian students differed from this. One
possible explanation for this is that they learn different ways to think within the nations. The
fact that the students have heard about decarbonization before does not necessarily mean they
have a good impression of it; they can just as likely have heard how decarbonization is
threatening the economy, workplaces, and their position in society. This study also looks at
how the perception correlates with the individual’s attitude. The students may believe their
country will develop in one direction, but this does not mean that this is the direction the
student himself supports the most. Students may endeavour to determine whether the topic
appears interesting of relevant to them, and if it is seen as a relevant topic in the society.

The study is a contribution to the literature on energy transition in Russia, global energy
scenarios, and what factors affect perceptions of decarbonization. It focuses on energy
development in conjunction with climate change and social behaviour. The results are
discussed further down in the article, and the conclusion includes some suggestions for

change.

3. Materials and methods

The survey consisted of two parts, most of the questions concern demographics and
independent variables which the literature analysis indicated as factors affecting perceptions
and attitudes. The last parts include questions eliciting the students’ perceptions of and
attitudes to decarbonization in the energy industry.

The definition of decarbonization used in this article are a term to describe the phasing out of
carbon dioxide emissions from the use of fossil fuels and includes actions like reduction in the
use of fossil fuels, increasing use of carbon capture, and increasing use of renewable energy
sources like wind power, solar power, and biomass to reduce the emissions of carbon dioxide
to the atmosphere. Decarbonization also includes energy transition, energy neutrality, and the
green shift in the energy sector. This is the same definition as the one used in the
questionnaire, to make it easier for the students to see the different opportunities of

decarbonization and what it meant before they answered the survey.
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The term knowledge is used a lot in the article. The respondents were after getting the
definition asked if they had ever heard of decarbonization before. The group that answered
yes at this question is the group counted as the group with knowledge (on the topic) from
before they attended the survey.

The questions intended to elicit attitudes and perceptions were made into scenarios where the
students were asked to rate the scenarios from least likely to most likely, and the scenarios
were constructed with the existing energy policies and industry in mind. They were all
formulated to sound realistic, and during development the focus was on keeping the wording

of the scenarios neutral to avoid leading participants.

They were presented for four different scenarios regarding perception. The first one described
an increase in use of fossil fuels and was the scenario farthest away from decarbonization.
The second was a business-as-usual scenario, where the emissions more or less would stand
still at the existing level. The third scenario was called “energy mix” and included a partly
decarbonization based on increased use of the traditional non-emission alternatives as nuclear
power and hydropower. While the last scenario pictured the largest decarbonization with
focus on renewable energy where sun and wind-power would experience a growth. Then they
were asked to rate the scenarios plausibility based on their perception, where 1 was least

plausible, and 4 was most plausible.

Then five scenarios regarding their attitude toward working with and supporting
decarbonization followed. They were asked if they saw themselves work in the renewable
energy sector, the fossil fuel sector, or not in the energy sector at all. And no matter if they
wanted to work with fossil fuels, or not in the energy industry at all, they were asked if they
would engage in decarbonization. This was rated with numbers from 1 to 5 where 5 was most

plausible.

The survey was carried out from January to February 2021 using a digital survey platform to
conduct the whole survey, and the participants were given a link to this survey to participate.
Before being sent to the participants a pilot survey was conducted in a class studying energy
management in Norway, and adjustments were made based on feedback gathered in the pilot

survey to improve and refine both the questions and the instrument.
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The survey was translated from English into Russian to avoid wrong or missing answers due
to language barriers. After the translation, the questionnaire was sent to six different
universities in six cities in Russia to ascertain what affects the students’ perceptions and what
perceptions are present. To distribute the questionnaire to the students, professors at the
various universities were asked to present the survey in their classes. These professors were
reached using the research network available at the university. This was chosen because of
convenience and due to the resources available in the research process. The universities were
geographically remote from each other and covered different areas of the country. By the time
| closed the survey | had 453 responses from students at six universities. After removing

missing values from the data collection, | was left with 381 usable answers.

To compare attitudes and perceptions among different groups of students and determine
which factors affected the student’s perception most, both t-tests and regression analyses were
run. Chi-square was used to test differences between the scores of students’ involvement in

activities related to decarbonization at the university via other socio-demographic variables.

4. Results

Demographics are one of the factors found influential when it comes to perception. The
demographic differences among the respondents make it possible to analyse whether they

have any influence or not and says something about how representative the sample is.
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Table 1. Demographic characteristics of the survey.

2021

Variable Heard about Not heard about | Heard about Not heard about

decarbonization | decarbonization | decarbonization | decarbonization
in % in %

Total 192 189 50,3% 49,7%

Gender

Male 87 86 45.5% 36.5%

Female 105 103 54.5% 63.5%

Age

17-20 118 116 61.3% 69.8%

21-24 45 49 23.6% 25.9%

25-28 9 5 4.7% 2.6%

29-32 5 1 2.6% 0.5%

33-36 9 1 4.7% 0.5%

37-40 3 0 1.6% 0%

>40 3 1 1.6% 0.5%

Education

Not seeking a 2 3 1% 1.6%

degree

Bachelor 147 168 76.4% 88.9%

Master/PhD 43 18 22.5% 9.5%

Faculties

Business 67 79 35.1% 41.8%

administration

Engineering 29 22 15.2% 11.6%

and technology

Natural 20 12 10.5% 6.3%

sciences

Energy 24 14 12.6% 7.4%

Other 51 62 26.6% 32.9%

Other faculties include environmental science, journalism, law, politics, with more.
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The demographic composition of the samples is shown in Table 1 compared to their prior
knowledge about decarbonization. Females outnumber males among the participants, which
matches the general trends in Russian universities, where approximately 55.25% of students
enrolling in Russian universities in 2018/2019 were females, and where female students
outnumber male students in the age category from 18 to 24 years (Statista Research
Department, 2021).The majority of respondents in all universities were studying for a
bachelor’s degree. Master and PhD students tend to be more aware of decarbonization then
Bachelor students, this also correlates with age. The respondents are mostly young people and

based on this table it is an almost similar distribution among disciplines.

After receiving the answers, the fields of studies were grouped into two categories for
analysis: Students studying business administration and students studying other fields. This
was done because a large number of the respondents were studying business administration,
and it was possible to see that this group’s responses differed from the rest. The group of non-
business students consists mostly of natural sciences (8.3%), energy (9.2%), technology and

engineering students (13.3%), with smaller percentages of other studies.

There is another important part of the survey that consists of the dependent variables this
study wants to see the effect on. This concerns the perception scenarios about where they see
the Russian energy industry in 10 years as well as how they think the decarbonization
development will evolve compared to the rest of the world. There is also attitude scenarios

asking if they see themselves working toward decarbonization in the future or not.
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Table 2: Mean and spread among Russian student’s perception of scenarios.

Scale Mean SD Factor Loading
Perceptions

Fossil fuels 2.66 1.024 0.660
As usual 2.86 0.922 0.787
Energy mix 2.95 0.917 -0.607
Renewable energy 2.45 1.016 -0.767
Attitudes

Positive to working with 1.92 1.188 0.838
decarbonization in the fossil fuel

industry

Negative to working with 2.03 1.288 0.680
decarbonization in the fossil fuel

industry

Positive to working with renewable | 2.19 1.287 0.838
energy

Positive to working with 2.88 1.485 0.786
decarbonization outside the energy

industry

Negative to working with 3.13 1.590 0.755

decarbonization outside the energy
industry

Table 2 presents the distribution of responses regarding the dependent variables. This is
telling us that there are small differences in preference among all the students as a group. The
energy mix is valued as more likely than the other scenarios, but it is noticeable that none of
the scenarios was a clear favourite. What we can see is that the distribution is not very large,
all scenarios do to a certain degree seem possible according to the general students’
perceptions. Response options to the questionnaire consist of two Likert scales where 1 is

least likely and the highest number is most likely.
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Figure 2: Perceived decarbonization future compared with rest of the world.

The participants were also asked if they believed Russia would be ahead or behind the rest of
the world regarding decarbonization in 10 years. All in all, 30% of the participants believed
Russia will be behind the rest of the world in ten years when it comes to development of

decarbonization. Fifty per cent believed they will be on the same level as rest of the world.

4.1 Knowledge as a driver for change

One of the factors included in the survey was knowledge the participants had about
decarbonization from before. Earlier studies found that students with knowledge about carbon
emissions are more likely have a positive attitude toward decarbonization and become drivers
of change (Dagiliute et al, 2018). In the survey we measure the student’s knowledge against
the attitude scenarios as well as if they are spreading the word by discussing or engage in

activities regarding decarbonization.

To test this the students were asked if they had heard about decarbonization. Before this
question they were also given a definition stating that in this survey decarbonization was used
as a term to describe phasing out carbon dioxide emissions from the use of fossil fuels. That it
included a reduction in the use of fossil fuels, increasing use of carbon capture, and increasing
use of renewable energy sources like wind power, solar power, and biomass to reduce the
emissions of carbon dioxide to the atmosphere. It was also stated that for this survey,
decarbonization included energy transition, energy neutrality, and green shift in the energy
sector. Even after being provided with a thorough definition and explanation of what

decarbonization consist of, 49.7% of all participants answered that they had never heard of
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decarbonization before. The results further show that even though half of the participants had
not heard of this concept before, they had their own opinions when it came to how the energy

industry will and should develop in the years to come.

However, comparison between the group that had not heard of decarbonization and the group
that had heard revealed no significant differences regarding attitudes and perception with a T-

value at -5 or lower, and a P-value close to 0 in every scenario.
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Figure 3: Perceptions toward the future based on knowledge.

We can observe that according to the student’s perception renewable energy is considered
least likely as being the Russian future. Both those who know and those who do not perceive
the energy mix scenario where nuclear energy and hydropower development prominent as the
most likely future, while business as usual is the second most shared perception of Russia’s
energy future as shown in figure 2. This is very consistent with the energy transition strategy
in Russia, where hydropower and nuclear power are on the rise (Ministry of economic
development of the Russian Federation, 2020). This did not support the earlier research which
argued higher knowledge lead to higher belief in decarbonization in Russia. This can be based
on the local policies and opinions the students get exposed to. When learning about a
phenomenon it can be highlighted in many ways. Carbon emissions may be described as a

problem, or as a necessity worth the impacts it may or may not have on the climate.
4.2 Education
The survey found that only 10.8% of the participants had ever taken a class at school on

decarbonization, showing that it is not a part of most students’ curriculum. And if we look at
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the students together as a whole group there was no preference toward decarbonization. But
when looking at the different factors affecting decarbonization it might be possible to see
different perceptions among different groups of the students. Arion et al. found that young
and highly educated individuals tend to have a positive attitude toward renewable energy, and

that the greatest barriers is created by lack of knowledge together with cost (2018).
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Figure 3: Perceived decarbonization future compared with rest of the world based on field.

Regarding fields of study, it was found that business students believed firmly in Russia being
ahead of the rest of the world when it comes to the development of decarbonization, while
non-business students did not. They had the most divided and positive perceptions of
Russia’s energy future. Figure 3 shows that most of the business students either had higher
expectations of decarbonization in the future than the other student groups. university they
belonged to did not have any effect on these responses. Due to the literature findings, it was
decided to ask the participants what university they belonged to, making it possible to look
later for patterns based on how tied the local communities were to the energy industry and
what affect this had. However, it was not control for geographic home location before
university. Business students also had a significantly lower belief than other students in
“business as usual” as the future, which might reflect education regarding innovation and

business development.
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Correlations
Degree currently
Knowledge seekingg

Kendall's tau_b Knowledge Correlation Coefficient 1,000 -,158™
Sig. (2-tailed) . ,002
N 380 380
Degree currently seekingg Correlation Coefficient -,158" 1,000

Sig. (2-tailed) ,002
N 380 380
Spearman's rho Knowledge Correlation Coefficient 1,000 -,159™
Sig. (2-tailed) . ,002
N 380 380
Degree currently seekingg Correlation Coefficient -,159" 1,000

Sig. (2-tailed) ,002
N 380 380

**_Correlation is significant at the 0.01 level (2-tailed).

Table 3: Knowledge compared to level of education.

Knowledge increases with education, and it was somewhat evenly distributed between the
fields. The two fields with a noticeably higher number of students with knowledge than not

was students studying energy or natural sciences.

Among students who had heard about decarbonization before, a significantly positive
correlation was found at the 0.05 level (2-tailed) between higher education and belief that
Russia will be ahead of the rest of the world when it comes to development of
decarbonization. But at the same time this group did not have a significantly firmer belief in
the renewable energy scenario as Russia’s future. This may indicate that the students either do
not believe in large changes in the rest of the world when it comes to carbon emissions, or
they may believe that an increase in the use of hydropower and nuclear power together with
better technology and carbon capture will drive Russia into being one of the most developed

countries when it comes to decarbonization.

4.3 Sources of information

Weber (2010) stated that variation in perception related to climate change can be associated
with political believes and other cultural values. Those with knowledge about decarbonization
recognized education as one of their important influences regarding the topic and preferred

industrial and governmental papers. This shows that the industry and the politics pursued by
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the government had a major impact on the students, showing that official policies are an
important aspect affecting the participants, and also that industry itself is an important factor
when it comes to information sharing. Overall, social media was the most important source of
information when we include those unfamiliar with decarbonization which is consistent with
the earlier literature review where social media was found to be the most influential source

regarding environmental information (Fan, 2017).

The survey revealed that in general, carbon emissions are to a large degree not a topic the
students participating in this survey habitually discuss. However, the survey created some
engagement. 70% reported that they never discuss decarbonization among friends or family,
and only approximately 10% had engaged in any forms of activity regarding decarbonization
during in their student days. The survey also asked the participants how often they searched
for information about decarbonization, and the group searching often for information about

decarbonization agrees with the majority seeing nuclear and hydropower as the future.
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Correlations

Frequency
discussion about

decarbonization

| can see myself
working in the fossil

fuels industry

Engagement in activities
concerning

decarbonization

Kendall's tau_b Frequency discussion about

decarbonization

Will to work with fossil fuels

Engagement in activities

regarding decarbonization

Spearman's rho Frequency discussion about

decarbonization

Will to work with fossil fuels

Engagement in activities

regarding decarbonization

Correlation Coefficient
Sig. (2-tailed)

N

Correlation Coefficient
Sig. (2-tailed)

N

Correlation Coefficient
Sig. (2-tailed)

N

Correlation Coefficient
Sig. (2-tailed)

N

Correlation Coefficient
Sig. (2-tailed)

N

Correlation Coefficient
Sig. (2-tailed)

N

1,000

380
-,142
,011
260
,275"
,000
380

1,000

380
-,158"
,011
260
,283"
,000

380

-,142"
,011
260

1,000

260
-,182"
,002
260
-,158"
,011
260

1,000

260
-,196"
,002

260

,275"
,000
380
-,182"
,002
260

1,000

380
,283"
,000
380
-,196"
,002
260

1,000

380

*. Correlation is significant at the 0.05 level (2-tailed).

**_Correlation is significant at the 0.01 level (2-tailed).

Table 3: Engagement and will to work for decarbonization in the future.

The survey results show that students attending courses or engaging during studies in

activities regarding decarbonization during the study time related to decarbonization and those

who discuss decarbonization among friends and family were more interested in working with

it in the future. In Table 3 it is possible to see a significant negative correlation between

engagement in activities regarding decarbonization, and a positive attitude toward working in

the fossil fuel industry.
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5. Discussion and recommendations

Student’s perceptions toward decarbonization in the future, as showed by empirical findings,
are divided and spread around possible energy future scenarios. To work with wind and solar
energy is less attracting for these participating students in Russia. However, their attitudes
indicate a noticeable expansion in wind and solar industry in the future compared to the
current situation. The interesting part is that it is a higher belief in hydro and nuclear power as
the future. Hydropower is the only fully renewable energy form that already is making a
noticeable part of Russia’s electricity, accounting for 20,6% of Russia’s total electricity
production (RusHydro, 2020). Nuclear energy on the other hand is often not considered a
renewable energy source because of the uranium used, but nuclear power does not produce
carbon dioxide emissions, and several countries use nuclear power to drive their

decarbonization (Sovacool et al, 2020).

Since it is few significant differences or correlations concerning the perception scenarios it is
difficult to conclude that the perception shows any changes within the country. Here it would
have been very interesting to see what student’s ten years ago thought about it. Or what
people with more work experience think about the scenarios. Even if it is not possible to see
any significant favourite when it comes to what the students think will be their energy future,
it is possible that it has changed the last decade. Such a change can only be seen by research

conducted over a longer time spawn.

5.1 Knowledge

Earlier studies found that students with knowledge about carbon emissions are more likely
have a positive attitude toward decarbonization and become drivers of change (Dagiliute et al,

2018). This study did not confirm these earlier findings.

The survey revealed no significant difference in perceptions based on responders’ prior
knowledge of decarbonization. Looking at why we ended up with the same result is
interesting. Despite knowledge there is a force reducing its effect. There might be several
factors affecting this result. It is possible that there is a reflexivity trap present where the
knowledge also leads their expectance, with the individuals ending up confirming already

existing knowledge (Beaulieu-Brossard, 2015; Kobayashi, 2003).
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Examining sources of information and what is learnt about decarbonization might contribute
to an understanding of this results. The survey found that decarbonization is not given much
attention at school, and we know the existing politics concerning the topic is hesitant toward
change because of Russia’s economic reliance on the fossil fuel industry. The industry
accounted for 36% of the country’s federal budget revenues, making it a key component for
the economy (Barden, 2017). This is also relevant concerning other countries who is
hesitating in their contributions to decarbonization.

5.2 Importance of education

The literature analysis identified education as one of the factors possibly influencing
perceptions of carbon emissions (Arion et al, 2018) while the data collected in this survey
found it evident that there was little interest in carbon emissions in the six participating
universities. Including climate change and carbon emissions in the education system can be
beneficial for understanding the issue, but this is dependent on the will to teach the students

about the topic.

While those with knowledge about decarbonization recognized education as one of their
important influences, they preferred industrial and governmental papers. This shows that
industry and government policies had a major impact on the students, showing that official
policies are an important aspect affecting the participants, and also that industry itself is an
important factor when it comes to information dissemination. Overall social media seemed to
be the most important source of information when we include those unfamiliar with
decarbonization, this confirmed earlier studies with the same findings (Fan, 2007). A greater
focus on decarbonization in the curriculum can alter these results because the students cannot
report education as an important source of influence as long as the universities do not focus
on it. Social media together with a gradually higher acceptance toward humans’ effect on the
climate change among politicians can be the opening toward making both students and other
citizens more aware of the issue. Another possibility is to make it a part of the curriculums at

schools and universities.

5.2 Influence of social-economic context
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The results show that industrial and governmental document was seen as the most influential
sources of influence among students with knowledge. With a governmental energy policy that
do not favour renewable energy (Ministry of economic development of the Russian
Federation, 2020), and an industry that still choose to focus on fossil fuels, it is reasonable
that the students with knowledge do not favour renewables either. Since industrial documents
are of the student’s interest, an adaption of renewable energy within Russia can bring more
focus toward why it is perceived as climate friendly, and therefor improve awareness of

carbon emissions.

Being informed about decarbonization does not mean that the individual has learned what
might be expected. People can be introduced to the topic from different perspectives. It is also
possible that individuals’ connection to an industry with high carbon emissions causes them to
perceive decarbonization as a threat. Whole local communities may be dependent on an
industry, a factory, or an oil rig. Some communities are built around specific workplaces. As
Arion et al. pointed out, it was not only lack of knowledge that created large barrier toward

renewables, but costs were also an important part of it.

Social media were the most influential source of information among the students without
expressed knowledge from before. The social media links the global society together, making
it possible to affect other countries to a larger degree than it was possible before, but

geographical position and social environment will still affect what we see on social media.

Protection motivation theory points out three factors affecting how humans evaluate the threat
of climate change. The three factors consist of the perceived effectiveness of doing something
about the threat, personal capabilities, and costs related to choosing the path of protective
behaviour (Norman et al, 2015). Since Russia’s economy is so heavily tangled up with the oil
and gas industry, it is important to add possible alternatives that can take the place of fossil
fuels directly when it comes to working places and economy to make decarbonization a real

option for a large part of the population.

6. Limitations and future directions

There are uncertainties that exist considering the students perceptions toward decarbonization.
There are several types of uncertainties in this study, including uncertainties in understanding

the process of student’s perception and attitude, uncertainties in the methodology used to
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select the key influential factors, as well as regarding model and data parameters. For
instance, did nearly half of the respondents answer they had not heard about decarbonization
before. Therefor the respondents may possible not answer the scenarios without really having
much knowledge on what decarbonization is, and why it is important, which might increase
the uncertainty of the survey data. It was chosen to include their answers anyway since the
lack of knowledge also was an important finding, and the student’s might be a part of forming
the energy future of Russia even without this knowledge.

For future studies it could be included a question to map what exactly the participants thought
about decarbonization as a phenomenon. A person discussing it frequently can just as well be
for it as against it. And this survey did not fully cover that option. All in all, the questionnaire
was developed to be short and easy to answer which can be a limitation since a larger, more
thorough questionnaire could make it possible to compare and possible cover a larger aspect
of the perceptions and how they were made, while a shorter questionnaire decreases the risk

for more missing values.

Moreover, future research should perform a cross-country analysis, evaluating perceptions in
different countries for purposes of comparison. This would be very helpful revealing the
difference between countries where decarbonization is prioritized, and countries where it is
not. This research contributes to exploring the current situation among students in Russia, but
a cross-country analysis would help get an even better insight into whether the country is

developing in pace with the global community.

Another finding that was not further explored was the significant different between males and
females when it came to searching for information. Gender is a highly researched topic, but it
could be interesting to seek an explanation.

It could also be awarding to compare my findings with those of a similar study on working
individuals, preferably making a distinction between different lengths of experience in the
energy industry. Such a study would be able to further explore if there is a change in

perceptions and attitudes in the younger generation.

7. Conclusion

In recent decades increasing interest in minimizing carbon emissions has been observed on a

global basis. But there are still countries hesitating to implement decarbonization in the
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energy industry. This survey was created to test if there are any implications that young
student’s perceptions differ from the from different universities were chosen to ascertain
students’ perceptions of future decarbonization differ from todays situation. However, little
focus on decarbonization was found among the students participating in this research, nor
were any large specific groups identified among the participants having significantly positive
perceptions of or attitudes to decarbonization. But when digging deeper into the data material,
a slight preference for an energy mix of nuclear energy and hydropower was found, which is
consistent with the existing politics in Russia. The country is already expanding its nuclear
power capacity, and hydropower accounts for approximately 20% of electricity production
(RusHydro). The students’ perceptions did not noticeably favour either business as usual or
increasing fossil fuel or other renewable energy sources as the most likely future, nor did they
see themselves working toward decarbonization, leaving an impression that engagement
among both those for and those opposed to change in carbon emission production is really

low.

Overall, the findings do indicate a perception of more nuclear energy and hydropower, but
little will to work specifically towards decarbonization. The attitudes of the students were

fairly equally distributed, giving no sign of a clear preference among the students as a group.

This research’s findings indicate that Russia’s Kodak moment have not yet happened. If EU
and the global industry is successful in producing enough renewable energy to phase out the
energy import based on fossil fuels. The students do not see it as likely that Russia will follow
the market change, and there is an overweight among students who believe Russia will
develop more slowly than the global market when it comes to decarbonization compared to
those who believe Russia will develop faster than the rest of the world. It is possible that
Russia will be forced to change in the future if action toward decarbonization are not taken
based on the survey. And according to the “Kodak-moment” theory will a forced change

come at a greater economic cost than a chosen one.

The survey found that most of the students had never taken any specific courses or been
involved in any activities concerning decarbonization. At the same time, the students who
during their studies had participated in activities regarding decarbonization were more willing
to work towards decarbonization than the rest of the group. These results indicate that a new
focus on decarbonization at the universities could have a positive impact if the government or

the universities wish to change this trend.
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This study suggest education discussing climate change and carbon emissions to increase the
awareness of emissions among students. Tailored courses should be created according to field
of study and to which degree the students will work with the energy industry in the future.
Best practise to introduce this to the students should be more researched, and gain publicity to
improve knowledge and implementation. It is suggested to make knowledge about

decarbonization a part of the curriculum, to learn more about the climate change.

The main factors affecting the populations perceptions and attitudes, and promotion of best
practises could be conducted to create a public debate about the topic. For the debate to reach
students it should be taken in both in education and in the public, especially attention toward

decarbonization in social media have potential to have an effect on the population.
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Appendix A: Questionnaire

Perception of Decarbonization

This survey will take about 10 minutes.
(If you are using a mobile phone when answering it is recommended to turn the screen
horizontally).

The goal of this survey is to map the attitudes and perceptions of decarbonization among
students. We will compare answers from different countries to see if there are differences in
trends across nations.

In this survey, decarbonization is defined as a term to describe phasing out carbon dioxide
emissions from the use of fossil fuels. It includes a reduction in the use of fossil fuels,
increasing use of carbon capture, and increasing use of renewable energy sources like wind
power, solar power, and biomass to reduce the emissions of carbon dioxide to the
atmosphere. For this survey, decarbonization includes as well energy transition, energy
neutrality and green shift in the energy sector.

Have you heard about decarbonization described as above?

x Yes x No

Age
17-20 21-24 25-28 29-32 33-36 37-40 >40

Gender

x Male x Female

What is the highest education you have completed?

» Secondary school
Bachelor’s degree
Master’s degree
PhD

YV V V

What degree are you currently seeking?

» Bachelor’s degree
» Master’s degree
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» PhD
» Not seeking a degree

At which institution are you taking your degree now?

» Baltic State Technical University/BSTU (St. Petersburg)
MGIMO University (Moscow)

Murmansk State Technical University (Murmansk)

Northern Arctic Federal University (Arkhangelsk)

Russian State Hydrometeorological University (St. Petersburg)
Tyumen State University (Tyumen)

Ukhta State Technical University (Ukhta)

YVVVVVYVY

What field are you studying?

» Aeronautics and Aviation Science | Anthropology | Art | Business Administration |
Chemistry | Economics | Education | Energy | Engineering and Technology |
Environmental Science and Health | Journalism and Mass Communication | Language
| Law | Mathematics | Military | Music |Natural Science | Nursing | Oceanography |
Pharmacy | Photography | Physical Therapy | Political Science and International
Relations | Psychology | Public Relations and Administration | Statistics | Social
science | Sports | Urban Planning | None of the alternatives above

Have you taken any specific courses about decarbonization anywhere in your education?

xYes xNo

If yes, did you firstly take this course abroad or at your home institution?

> Abroad
» Home institution
» Other institution in Russia

Which of these statements reflects your actions during your education?
(Possible to choose several options)

» | engaged in projects regarding decarbonization
» | attended conferences regarding decarbonization

» | took part at interest group regarding decarbonization (research club, young group
activities, etc.)
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» | have not been involved in any of the options above

How often do you search for information regarding decarbonization?
Check the alternative closest to reality.

» Once a day

Once a week

Once a month

2-6 times a year

It do not search for information regarding decarbonization

YV VYV

What sources influence your ideas of decarbonization?
Rate the options from 1-6 where 1 is least influential, and 6 is most influential.

1 — Least influential 6- Most influential NA

» Social media

Friends and family

Education

Newspapers

Academic journals

Government and industrial documents

YV V VYV

How often is decarbonization discussed at home with family or friends?
Check the alternative closest to reality.

» Once a day

Once a week

Once a month

2-6 times a year

It is not a discussion we have

YV V VYV

2021

Which of these energy scenarios do you see as the most likely in your country 10 years

from now?

Rate their plausibility based on your perception. 1 is least plausible, while 4 is most plausible

1 — Least plausible 4 — Most plausible NA

» Fossil fuels will keep their position as the market leader. Lack of storage of renewable
energy as well as economic challenges makes it more natural to lean on an already

well-established petroleum industry. And the growth in renewable energy will
stagnate.
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>

The energy policies will be close to what they are today. Coal will decrease because
of already started projects and policies. Natural gas, oil, and renewables will all
increase to cover the earlier coal market and the increasing global energy demand
from population growth and a better economy.

Hydropower and nuclear power will be the fastest growing energy sources, followed
by natural gas who still dominates the fuel mix. Other renewable energy sources will
increase marginally. Energy efficient use increases, but we will still see a growing
energy consumption due to increasing economy.

Reduction in energy intensity and significant growth in the market share of
renewable energy sources. In this scenario the CO2 emissions never bounce fully
back up after the pandemic and will continue to decrease afterwards. Renewable
energy will become cheaper, creating an extra advantage in the market competition,
while the demand for fossil fuels decreases.

Based on the scenarios above: where do you believe your country will be in development
of decarbonization compared to the rest of the world?

| believe our country will be ahead of the rest of the world

> | believe our country will be on the same level as the rest of the world
| believe our country will be behind the rest of the world

>

Where do you see yourself in the future?
Rate the most likely possibilities based on your beliefs. 1 is most likely, while 6 is least likely:

1 — Least likely 5 — Most likely NA

» | see myself working in the fossil fuels industry and will not engage in
decarbonization.

» | see myself working in the fossil fuels industry and will engage in decarbonization.

» | see myself working with renewable energy, trying to make it a bigger part of the
energy mix than it is today.

» | see myself not working in the energy sector and will not engage in climate-friendly
activities or support decarbonization.

» | see myself not working in the energy sector but will engage in climate-friendly

activities and support decarbonization.

Do you have any comments or reflections to add regarding this survey?

Thank you for your time!
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Submission declaration and verification
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elsewhere, that its publication is approved by all authors and tacitly or explicitly by the responsible
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Preprints
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Author contributions
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Software; Supervision; Validation; Visualization; Roles/Writing - original draft; Writing - review &
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Changes to authorship

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request
such a change, the Editor must receive the following from the corresponding author: (a) the
reason for the change in author list and (b) written confirmation (e-mail, letter) from all authors that
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Article transfer service

This journal is part of our Article Transfer Service. This means that if the Editor feels your article is
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Copyright

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement'
(see more information on this). An e-mail will be sent to the corresponding author confirming receipt
of the manuscript together with a 'Journal Publishing Agreement' form or a link to the online version
of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for
internal circulation within their institutions. Permission of the Publisher is required for resale or
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Author rights
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Elsevier supports responsible sharing
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Role of the funding source
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Open access
Please visit our Open Access page for more information.

Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-career
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English Language Editing service available from Elsevier's Author Services.

Submission

Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in the
peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for final
publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.
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Referees

Please submit, with the manuscript a list of three qualified, independent, prospective reviewers who
could perform quality peer reviews of your document. (Include their full names, affiliations and their
current E-mail addresses.)

The Journal of Cleaner Production used 'Single-blind' reviewing, where the names of the reviewers
are hidden from the Author, but the reviewer knows who the authors are.

PREPARATION

Peer review

This journal operates a single anonymized review process. All contributions will be initially assessed
by the editor for suitability for the journal. Papers deemed suitable are then typically sent to a
minimum of one independent expert reviewer to assess the scientific quality of the paper. The Editor
is responsible for the final decision regarding acceptance or rejection of articles. The Editor's decision
is final. Editors are not involved in decisions about papers which they have written themselves or
have been written by family members or colleagues or which relate to products or services in which
the editor has an interest. Any such submission is subject to all of the journal's usual procedures,
with peer review handled independently of the relevant editor and their research groups. More
information on types of peer review.

Use of word processing software

It is important that the file be saved in the native format of the word processor used. The text should
be in single-column format. Keep the layout of the text as simple as possible. Most formatting codes
will be removed and replaced on processing the article. In particular, do not use the word processor's
options to justify text or to hyphenate words. However, do use bold face, italics, subscripts,
superscripts etc. When preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns.
The electronic text should be prepared in a way very similar to that of conventional manuscripts (see
also the Guide to Publishing with Elsevier). Note that source files of figures, tables and text graphics
will be required whether or not you embed your figures in the text. See also the section on Electronic
artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check'
functions of your word processor.

Article structure

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered 1.1
(then 1.1.1,1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be
given a brief heading. Each heading should appear on its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods

Provide sufficient details to allow the work to be reproduced by an independent researcher. Methods
that are already published should be summarized, and indicated by a reference. If quoting directly
from a previously published method, use quotation marks and also cite the source. Any modifications
to existing methods should also be described.
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Theory/calculation

A Theory section should extend, not repeat, the background to the article already dealt with in the
Introduction and lay the foundation for further work. In contrast, a Calculation section represents a
practical development from a theoretical basis.

Results
Results should be clear and concise.

Discussion

This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eg. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

Essential title page information

. Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.
. Author names and affiliations. Please clearly indicate the given name(s) and family

name(s) of each author and check that all names are accurately spelled. You can add your name
between parentheses in your own script behind the English transliteration. Present the authors'
affiliation addresses (where the actual work was done) below the names. Indicate all affiliations with
a lowercase superscript letter immediately after the author's name and in front of the appropriate
address. Provide the full postal address of each affiliation, including the country name and, if available,
the e-mail address of each author.

o Corresponding author. Clearly indicate who will handle correspondence at all stages
of refereeing and publication, also post-publication. This responsibility includes answering any future
queries about Methodology and Materials. Ensure that the e-mail address is given
and that contact details are kept up to date by the corresponding author.
. Present/permanent address. If an author has moved since the work described in
the article was done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be
indicated as a footnote to that author's name. The address at which the author actually did the work
must be retained as the main, affiliation address. Superscript Arabic numerals are used for such
footnotes.

Highlights

Highlights are mandatory for this journal as they help increase the discoverability of your article via
search engines. They consist of a short collection of bullet points that capture the novel results of
your research as well as new methods that were used during the study (if any). Please have a look at
the examples here: example Highlights.

Highlights should be submitted in a separate editable file in the online submission system. Please use
'Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters, including
spaces, per bullet point).

Abstract
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A concise and factual abstract is required. The abstract should state briefly the purpose of the
research, the principal results and major conclusions. An abstract is often presented separately from
the article, so it must be able to stand alone. For this reason, References should be avoided, but if
essential, then cite the author(s) and year(s). Also, non-standard or uncommon abbreviations should
be avoided, but if essential they must be defined at their first mention in the abstract itself.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the
online article. The graphical abstract should summarize the contents of the article in a concise,
pictorial form designed to capture the attention of a wide readership. Graphical abstracts should be
submitted as a separate file in the online submission system. Image size: Please provide an image
with a minimum of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable at
a size of 5 x 13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or
MS Office files. You can view Example Graphical Abstracts on our information site.

Authors can make use of Elsevier's Illustration Services to ensure the best presentation of their
images and in accordance with all technical requirements.

Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, 'and’, 'of'). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first page of
the article. Such abbreviations that are unavoidable in the abstract must be defined at their first
mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and
do not, therefore, include them on the title page, as a footnote to the title or otherwise. List here
those individuals who provided help during the research (e.g., providing language help, writing
assistance or proof reading the article, etc.).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy];
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States
Institutes of Peace [grant number aaaal.

It is not necessary to include detailed descriptions on the program or type of grants and awards.
When funding is from a block grant or other resources available to a university, college, or other
research institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Math formulae
Please submit math equations as editable text and not as images. Present simple formulae in line
with normal text where possible and use the solidus (/) instead of a horizontal line for small
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fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often
more conveniently denoted by exp. Number consecutively any equations that have to be displayed
separately from the text (if referred to explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors can build footnotes into the text, and this feature may be used. Otherwise, please
indicate the position of footnotes in the text and list the footnotes themselves separately at the end
of the article. Do not include footnotes in the Reference list.

Artwork

Electronic artwork General points

e Make sure you use uniform lettering and sizing of your original artwork.

e Embed the used fonts if the application provides that option.

e Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, oruse
fonts that look similar.

e Number the illustrations according to their sequence in the text.

¢ Use a logical naming convention for your artwork files.

¢ Provide captions to illustrations separately.

e Size the illustrations close to the desired dimensions of the published version.

e Submit each illustration as a separate file.

¢ Ensure that color images are accessible to all, including those with impaired color vision.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed
information are given here. Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply ‘as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please 'Save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.
TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of
500 dpi.

Please do not:

e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have alow
number of pixels and limited set of colors;

¢ Supply files that are too low in resolution;

¢ Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF) or MS
Office files) and with the correct resolution. If, together with your accepted article, you submit usable
color figures then Elsevier will ensure, at no additional charge, that these figures will appear in color
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online (e.g., ScienceDirect and other sites) in addition to color reproduction in print. Further
information on the preparation of electronic artwork.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (nOt on the figure itself) and a description of the illustration.
Keep text in the illustrations themselves to a minimum but explain all symbols and abbreviations
used.

Tables

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

References

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If
these references are included in the reference list they should follow the standard reference style of
the journal and should include a substitution of the publication date with either 'Unpublished results'
or 'Personal communication'. Citation of a reference as 'in press' implies that the item has been
accepted for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links to the
sources cited. In order to allow us to create links to abstracting and indexing services, such as Scopus,
CrossRef and PubMed, please ensure that data provided in the references are correct. Please note
that incorrect surnames, journal/book titles, publication year and pagination may prevent link
creation. When copying references, please be careful as they may already contain errors. Use of the
DOl is highly encouraged.

A DOl is guaranteed never to change, so you can use it as a permanent link to any electronic article.
An example of a citation using DOI for an article not yet in an issue is: VanDecar J.C., Russo R.M.,
James D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of the Lesser Antilles slab beneath
northeastern Venezuela. Journal of Geophysical Research, https://doi.org/10.1029/2001JB000884.
Please note the format of such citations should be in the same style as all other references in the
paper.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
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and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley. Using citation plug-ins from these products, authors only need to select the
appropriate journal template when preparing their article, after which citations and bibliographies
will be automatically formatted in the journal's style. If no template is yet available for this journal,
please follow the format of the sample references and citations as shown in this Guide. If you use
reference management software, please ensure that you remove all field codes before submitting
the electronic manuscript. More information on how to remove field codes from different reference
management software.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the
following link:

http://open.mendeley.com/use-citation-style/journal-of-cleaner-production
When preparing your manuscript, you will then be able to select this style using the Mendeley
plugins for Microsoft Word or LibreOffice.

Reference formatting

There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/
book title, chapter title/article title, year of publication, volume number/book chapter and the article
number or pagination must be present. Use of DOI is highly encouraged. The reference style used by
the journal will be applied to the accepted article by Elsevier at the proof stage. Note that missing
data will be highlighted at proof stage for the author to correct. If you do wish to format the
references yourself they should be arranged according to the following examples:

Reference style
Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the year of
publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by 'et al.' and the year of publication.
Citations may be made directly (or parenthetically). Groups of references can be listed either first
alphabetically, then chronologically, or vice versa.

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999).... Or, as

demonstrated (Jones, 1999; Allan, 2000)... Kramer et al. (2010) have recently shown ...'

List: References should be arranged first alphabetically and then further sorted chronologically if
necessary. More than one reference from the same author(s) in the same year must be identified by
the letters 'a’, 'b', 'c', etc., placed after the year of publication.

Examples:
Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2010. The art of writing a scientific article. J. Sci.
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Commun. 163, 51-59. https://doi.org/10.1016/j.5¢.2010.00372.
Reference to a journal publication with an article number:

Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2018. The art of writing a scientific article. Heliyon. 19,
€00205. https://doi.org/10.1016/j.heliyon.2018.e00205.

Reference to a book:
Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York.
Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your article, in: Jones, B.S.,
Smith, R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New York, pp. 281-304.

Reference to a website:

Cancer Research UK, 1975. Cancer statistics reports for the UK. http://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/ (accessed 13 March 2003).

Reference to a dataset:

[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for Japanese oak wilt
disease and surrounding forest compositions. Mendeley Data, v1. https://doi.org/10.17632/
xwj98nb39r.1. Reference to software:

Coon, E., Berndt, M., Jan, A,, Svyatsky, D., Atchley, A., Kikinzon, E., Harp, D., Manzini, G., Shelef, E.,
Lipnikov, K., Garimella, R., Xu, C., Moulton, D., Karra, S., Painter, S., Jafarov, E., & Molins, S., 2020.
Advanced Terrestrial Simulator (ATS) v0.88 (Version 0.88). Zenodo. https://doi.org/10.5281/
zenodo.3727209.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations.

Video

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with a preferred maximum
size of 150 MB per file, 1 GB in total. Video and animation files supplied will be published online in
the electronic version of your article in Elsevier Web products, including ScienceDirect. Please supply
'stills' with your files: you can choose any frame from the video or animation or make a separate
image. These will be used instead of standard icons and will personalize the link to your video data.
For more detailed instructions please visit our video instruction pages. Note: since video and
animation cannot be embedded in the print version of the journal, please provide text for both the
electronic and the print version for the portions of the article that refer to this content.

Data visualization

Include interactive data visualizations in your publication and let your readers interact and engage
more closely with your research. Follow the instructions here to find out about available data
visualization options and how to include them with your article.
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Supplementary material

Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received
(Excel or PowerPoint files will appear as such online). Please submit your material together with the
article and supply a concise, descriptive caption for each supplementary file. If you wish to make
changes to supplementary material during any stage of the process, please make sure to provide an
updated file. Do not annotate any corrections on a previous version. Please switch off the 'Track
Changes' option in Microsoft Office files as these will appear in the published version.

Research data

This journal encourages and enables you to share data that supports your research publication where
appropriate, and enables you to interlink the data with your published articles. Research data refers
to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code,
models, algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References" section for more information about data citation. For more information on
depositing, sharing and using research data and other relevant research materials, visit the research
data page.

Data linking

If you have made your research data available in a data repository, you can link your article directly
to the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect
with relevant repositories, giving readers access to underlying data that gives them a better
understanding of the research described.

There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053; PDB:
1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your
manuscript in a free-to-use, open access repository. During the submission process, after uploading
your manuscript, you will have the opportunity to upload your relevant datasets directly to
Mendeley Data. The datasets will be listed and directly accessible to readers next to your
published article online.

For more information, visit the Mendeley Data for journals page.
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Data in Brief

You have the option of converting any or all parts of your supplementary or additional raw data into
a data article published in Data in Brief. A data article is a new kind of article that ensures that
your data are actively reviewed, curated, formatted, indexed, given a DOI and made publicly
available to all upon publication (watch this video describing the benefits of publishing your data in
Data in Brief). You are encouraged to submit your data article for Data in Brief as an additional
item directly alongside the revised version of your manuscript. If your research article is accepted,
your data article will automatically be transferred over to Data in Brief where it will be editorially
reviewed, published open access and linked to your research article on ScienceDirect. Please note an
open access fee is payable for publication in Data in Brief. Full details can be found on the Data in
Brief website. Please use this template to write your Data in Brief data article.

MethodsX

You have the option of converting relevant protocols and methods into one or multiple MethodsX
articles, a new kind of article that describes the details of customized research methods. Many
researchers spend a significant amount of time on developing methods to fit their specific needs or
setting, but often without getting credit for this part of their work. MethodsX, an open access
journal, now publishes this information in order to make it searchable, peer reviewed, citable and
reproducible. Authors are encouraged to submit their MethodsX article as an additional item directly
alongside the revised version of their manuscript. If your research article is accepted, your methods
article will automatically be transferred over to MethodsX where it will be editorially reviewed.
Please note an open access fee is payable for publication in MethodsX. Full details can be found on
the MethodsX website. Please use this template to prepare your MethodsX article.

Data statement

To foster transparency, we encourage you to state the availability of your data in your submission.
This may be a requirement of your funding body or institution. If your data is unavailable to access or
unsuitable to post, you will have the opportunity to indicate why during the submission process, for
example by stating that the research data is confidential. The statement will appear with your
published article on ScienceDirect. For more information, visit the Data Statement page.

Submission checklist
When registering names in Editorial Manager, please always enter full first and full last names.

It is hoped that this list will be useful during the final checking of an article prior to sending it to the
journal's Editor for review. Please consult this Guide for Authors for further details of any item.

Ensure that the following items are present:
One Author designated as corresponding Author:

e E-mail address

e Full postal address

¢ Telephone and fax numbers

All necessary files have been uploaded

e Keywords

¢ All figure captions

¢ All tables (including title, description, footnotes)
Further considerations

e Manuscript has been "spellchecked" and "grammar-checked"
e References are in the correct format for this journal
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¢ All references mentioned in the Reference list are cited in the text, and vice versa

e Permission has been obtained for use of copyrighted material from other sources (including the
Web)e Color figures are clearly marked as being intended for color reproduction on the Web (free
of charge) and in print or to be reproduced in color on the Web (free of charge) and in black-and-
white in print e If only color on the Web is required, black and white versions of the figures are also
supplied for printing purposes
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