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1. Introduction

The concept of energy literacy refers to the understanding of the nature and role of energy
in the world and in our daily lives. Importantly, this embraces not only theoretical
knowledge related to topics about energy but also the ability to apply this knowledge to
solve problems and make informed decisions [1-3]. An energy-literate person can trace
energy flows, think in terms of energy systems, and assess the credibility of information
about energy. Within the present context of energy transition, this literacy is a crucial
element for society as it empowers individuals to adopt informed positions about energy
management and fosters public engagement in energy policy and infrastructure
development [4]. So that, by enhancing energy literacy communities will be able to better
navigate the complexities of energy transitions, contributing to a more equitable and
sustainable future [5].

Studies on the energy literacy levels of political, business, and social leaders reveal a
concerning gap in understanding critical energy concepts. For instance, a survey by the
University of Calgary found that Canadian business and policy leaders' knowledge about
energy systems was not significantly deeper than that of the general public [6]. Similarly,
a study by 360 Energy highlighted that many businesses underestimate the strategic
importance of energy literacy, leading to costly operational risks [7]. On the political
front, the Atlantic Council's Global Energy Agenda report noted that many political
leaders lack a comprehensive understanding of energy transitions, which hampers
effective policy-making [8]. These findings underscore the need for enhanced energy
education among leaders to support informed decision-making and sustainable energy
practices.

The strategic importance of embracing and implementing policies to promote energy
transitions is now becoming a critical part of the agenda for regional and national leaders.
Faith Birol, the influential Director of the International Energy Agency (IEA), remarks
the necessity to ‘help all countries understand the costs, benefits, opportunities and
challenges of moving rapidly towards a cleaner and more affordable energy system — and
to offer strategies for doing so’ in the recent IEA report about Strategies for Affordable
and Fair Clean Energy Transitions. In particular, the IEA, IRENA and other international
organizations are continuously developing training programs targeted at leaders of
governments and civil society as a mechanism to spread energy literacy and draw
attention on the urgency of addressing this challenge.



At the academic level, there is currently a significant interest in promoting sustainability
leadership (both for present and future leaders) from high education institutions [9-11],
too. However, the energy dimension, which is certainly crucial as the energy system
represents around 80% of the anthropogenic GreenHouse Gas (GHG) emissions,
probably has not received the separate attention it requires. For instance, how to measure
the real impact of energy systems and transitions on global sustainability is still an open
arca of research [12-16].

As a possible avenue to address all these problems, in the last two years we have launched
the educational project eur2j (From euro to Joule [17]) where the main objective is to
offer tools that help prepare citizenship for energy transitions by ‘promoting energy
saving and concerns to similar levels of social relevance now held by economic saving
and concerns’. These tools include (i) educational resources for teachers (mostly targeting
the high school and university students aged 14 to 20), (ii) multimedia resources for public
engagement, and (ii1) a list of recommendations for public institutions to design
communication and educational campaigns efficiently based on the existing literature and
different experiments on social networks we have carried out. The methodologies and

In the present chapter we put the focus on two of these tools emerging from the eur2;j
project that can be especially worthy to political and economic leaders concerned about
the connections between global sustainability and energy management. The first one is a
role-playing game where the students/players adopt the role of an energy manager and
can explore in a relatively easy manner (by means of an energy calculator freely available
from our project webpage [17]) what would be the consequences of implementing
different scenarios/policies. The second tool is an index (that the mentioned energy
calculator calculates automatically) that roughly assesses the environmental sustainability
of such hypothetic scenarios based on the direct contribution they may have on the control
of the Planetary Boundary Layers (PBLs) [18-19]. Remarkably, such an approach based
on the PBLs goes over classical sustainability macroindicators that put most of the focus
on carbon footprint, so neglecting additional aspects of energy systems as water use or
land intensity. As we shall illustrate here, these two tools (the role-playing game and the
sustainability index) provide an engaging and adaptable context for educational and
training activities, and so they represent valuable instruments to promote and shape
sustainability leadership.

Our work then ties with existing approaches in the literature promoting sustainability
education through gamification strategies [20-23]. Such pedagogic strategies allow
students to apply formal knowledge acquired in class in a context that at the same time
stimulates the use of soft skills such as teamwork and problem solving through
competition or cooperation. Such environments have been shown to enhance students
engagement, critical thinking and self-reflection about their learning outcomes. However,
specific applications to leadership training within this context are almost absent.

The structure of this chapter is as follows. In Section 2 we present the methodologies and
sources in which the two mentioned tools are based. Then, in Section 3 we provide a set
of working examples based on real activities we have implemented in some high
education courses about energy management we have taught previously. In Section 4 we
provide a summary of students’ opinions about these activities (obtained through polls in



the classroom) to identify some of the strengths and weaknesses of our approach. Taking
all this into account, in Section 5 we discuss what are the most relevant learning outcomes
and lessons that can be reached through the previous activities with a focus on how such
lessons may help shaping sustainability leadership. Finally, Section 6 provides a summary
of the main conclusions from our work.

2. Methods
Tool 1: eur2j - The Game

As a part of the mentioned eur2j project, we have designed an educational toolbox that
teachers can download freely from the web platform [17] to complement their courses
with expositions, exercises, activities for classroom debates or discussions, etc. The most
ambitious of these tools is called ‘eur2j — The Game’. It is a serious game based on an
energy calculator (in Excel format) where the students adopt the role of an energy
manager who is responsible for deciding how to manage the energy resources of their
country/territory and how to invest a given budget for implementing an energy transition
therein. The idea is that different students/groups can represent different countries of the
world, so they should be able to recognize and assess critically what are the main
characteristics of the country they have to manage in comparison to the other ones.

In the following we provide a minimal description of the calculator structure just for the
sake of clarity. However, the information about what each cell in the Excel sheet exactly
represents is provided when the user clicks with the mouse on that cell to facilitate
understanding. Besides, there is a tutorial in video format available on the web platform
and in Youtube [24].

The main sheet of the Excel calculator (called ‘Execution’ sheet, see Fig. 1) is divided
into three parts. The upper part of the sheet (Energy System) contains information about
the energy mix the territory uses to produce its energy consumption (photovoltaic capacity
installed, wind capacity installed, nuclear power used, etc).. The second part of the sheet
(Energy Resources) contains the main data that characterizes the resources that are to be
managed (including budget available, land resources, energy demand of the
country/territory, etc). Finally, in the third part (Output Summary) the tool provides an
automatic calculus of the different outcomes and impacts that the particular energy
system. These outcomes include the capital and production costs of the system, an
estimation of its carbon footprint, its water/land/mineral requirements, its dependence on
fossil fuels and energy imports from outside, etc.
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Figure 1. Structure of the main sheet of the Excel calculator tool for ‘eur2j - The game’.

In order to promote students engagement as well as the experiential component of the
game, real data from a given country/territory can be introduced. For this, our web
platform contains a database with values for different countries. Most of the data has been
obtained from the datasets of the Energy International Agency, which can be
complemented with other official datasets. A proposal with different data sources that can
be used to feed the calculator tool is given in Table 1.

Data Source
Energy mix of the country
Energy consumption www.iea.org/countries
Electricity share
S;l; available data.worldbank.org/indicator/
Hydric resources www.fao.org/4/y4473e/y4473e08.htm
Biomass resources bioenergykdf.ornl.gov/international-feedstocks
Mineral resources www.world-mining-data.info/
Solar resources globalsolaratlas.info/global-pv-potential-study
Wind resources globalwindatlas.info/en/

Table 1: Information sources to prepare the calculator tool with the current real
situation of a country or territory.

The other sheets in the tool are used either (i) to represent energy balances throughout the
day and the year in the energy system (which can be useful to identify and/or manage
energy curtailments, storage, etc in the system), or (ii) to implement the costs for each
kind of energy production (this is, economic costs of the different kinds of plants, CO>
emission factors of each kind of energy production, water/land/mineral requirements
these plants have, etc).



Tool 2: eur2j sustainability index

The classical definition of sustainability, as stated in the Brundtland Report, advocates for
meeting the needs of the present without compromising the ability of future generations
to meet their own needs. But the practical implementation/quantification of this, when
applied to energy systems, is far from trivial. Several macroindicators are already
available in the literature (see [25-28] for a review) to assess quality, efficiency, security,
affordability... of energy systems. They typically classify the different indicators into
three dimensions (economic, social and environmental, though governance aspects are
also considered by separate in some cases), and different weights are assigned to each
dimension depending on the specific purposes/context.

Macroindicators from international economic organizations typically give a larger weight
to the economic indicators and they are used to ranking the countries according to the
levels of achievement and the potential to implement energy transitions. Some examples
within this category are the energy Transition Index from the World Economic Forum
[29] or the World Energy Trilemma Index from the World Energy Council [30]. In
contrast, academic works have rather focused on the social and environmental impacts or
consequences of energy [26-28] as a way to stress issues such as accessibility, equity or
resources availability of energy systems.

Macroindicators have the advantage of capturing the multidimensional nature of complex
systems such as energy systems. However, as has been discussed elsewhere [26], tracking
progress and deriving meaningful insights into macroindicators can be daunting or
impractical due to the large efforts required in terms of data compilation, checking and
processing, which may make fair comparison between countries impossible, for example.
For this reason, a balance between completeness and data availability is necessary.

In our case, we illustrate here how to build from the data available in the calculator tool
above a simple enough sustainability index (eur2j-index) focused on the concept of
environmental sustainability (though extension of the idea to economic or social
sustainability would be easily realizable). Taking into account that sustainability should
be measured in terms of keeping Earth conditions in such a way that impacts for future
generations are not irreversible, we can use as a reference the nine Planetary Boundary
Layers that have been proposed in the scientific literature for this purpose [18-19], and
whose levels of transgression have become a major issue of debate for the scientific
community [31]. We take GHG emissions, water use, land use and minerals use (which
are quantified by our calculator tool) as the four main magnitudes that measure the
environmental impact of an energy system. Then, to quantify the relative importance of
each one we identify the quantity of PBLs that are directly related to these four levels of
impact (Table 2). According to this, GHG emissions have a direct impact on 5 PBLs,
while land, water and minerals use have an impact on 2 of them each.

According to this, we build a relative sustainability index (taking a baseline scenario as a
reference) as follows
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Where G stands for GHG emissions, and L, W, M stand for land, water and mineral use,
respectively. The subindex b refers to the baseline case taken as a reference. So, the index
measures the impact reduction reached by the energy system when compared to the
baseline case. This allows us to use the index either for comparing sustainability between
regions (using a particular region as the baseline case), or comparing between possible
future scenarios for a given region (using its current energy system as the baseline).

PBL Related Energy System impacts
Climate Change GHG emissions
Biosphere Integrity Land use, water use
Land-System Change Land use
Biogeochemical Flows GHG emissions, minerals use
Freshwater Use Water use
Ocean Acidification GHG emissions
Atmospheric Aerosol Loading GHG emissions
Stratospheric Ozone Depletion
Novel Entities GHG emissions, minerals use

Table 2: Relation between the main environmental impacts of energy systems and the
nine PBLs that we take as a practical definition for environmental sustainability

Additionally, to visualize the economic importance of environmental sustainability, we
have designed the eur2j index as a double index that can be estimated also in terms of the
economic impact that such a reduction of impact may have. For this, we define the
economic version of the index as follows:

2/ (€) =~ S =% Costof carbon + —- 22 Cost of land + — -
eur’j =11 g, ost of carbon + L ost of land + 77 W,
2 M-M, ,
- Cost of water + — - ———— - Cost of minerals (2)
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Here, the economic costs of carbon, land, water and minerals (given in euros per unit of
energy generated) can be estimated from existing stock market indices, so assuming that
economic indices are efficient enough to capture the potential future impacts of these
assets. A possible proposal for these indices is provided in Table 3.

Asset Source for cost estimation Methodoogy
GHG https://tradingeconomics.com/commodi = Using emissions trading markets
emissions ty/carbon
Land https://ec.europa.eu/eurostat/statistics- Agricultural land prices

explained/index.php?title=Agricultural
_land prices and rents - statistics
: ®
Water https://stoxx.com/index/sxScorwp/ ISTOXX C(\){; tE;er & Global

Minerals . . A list of minerals relevant for
https://mineralprices.com/ o
energy transitions must be selected
Table 3: Information sources for estimating the environmental costs of an energy system in
economic terms.



3. Energy management gamification

One of the most attractive properties of the educational tools presented in the previous
section is their flexibility, as they can be easily adapted to design specific activities for
students of different ages and levels or can be focused on particular aspects of energy
systems just by blocking all the variables in the calculator tools except for one or two.
Following this idea, we provide here some examples of how we have already
implemented specific activities in the classroom by now.

Normal game mode

While students may feel overwhelmed when they see the calculator tool for the first time,
a simple introductory activity can be used to get them used to the idea of the game. This
activity can simply consist of introducing the data for the ‘Energy Resources’ part of the
main Excel sheet. As stated above, this data essentially provides information about
general aspects like energy consumption of the country/territory, its budget for the energy
transition (which can be taken as 4.5% of its GDP, following IEA recommendations [32]),
etc. If the webpages with data sources are listed in advance and they are given to the
students, they should be able to identify the values and fill the gaps in the tool easily.
Throughout the process the students will have the opportunity to compare the
characteristics of their territory/country to that of their mates. This allows them to reflect
about the potential differences between regions and hypothesize how such differences can
possibly constrain the energy system future scenarios and sustainability. For younger
students a simpler approach (providing the data in the calculator tool from the beginning)
would be advisable.

‘Innovations’ game mode

A very practical way to set debates about energy transitions is to discuss the different
implications that a particular change/innovation in the energy system may have. The
calculator tool offers this option in a very straight way. Let us imagine that we want to
discuss the implications that a new technology for photovoltaic cells may have. Then we
can use as a baseline scenario the current energy system of our territory/country, and
hypothesize what specific variables or parameters from the calculator tool we may need
to modify to implement such a technology. We may say that the new technology allows
us to build photovoltaic cells with a larger efficiency, or they may require fewer mineral
resources, or have lower carbon emissions, etc. All these possibilities can be implemented
in the tool just by opening the ‘Costs’ sheet of the calculator and modifying the
corresponding value. Then the calculator will show the output of such a change (in terms
of costs, carbon footprint, and so on). As a result, the potential benefits of different
technologies, innovations, strategies... can be assessed by separate. It is also remarkable
that such changes can affect different countries in very distinct ways. For example, a
country with a low share of renewables will not show an immediate improvement in their
energy system from a new photovoltaic technology. Altogether, this may be used to
dissect the different strategies that countries may implement as a function of their level
of readiness for energy transitions.

‘Geopolitical landscape’ game mode



Another attractive possibility is to allow them to interact between them to realize that the
respective strengths and weaknesses of their countries (in terms of available resources)
can be probably addressed in a much more effective way through cooperation. For
example, if we include in the initial dataset a list with the resources (land, water, minerals,
solar and wind potential, etc) that each country has, then these resources may be shared
in different ways.

First, it is possible to include a trading mechanism in the game. For instance, countries
with large mineral resources may sell part of these resources to other countries that need
them to get additional incomes for their budget. Note that trading prices are already
implemented in the ‘Costs’ sheet as part of the calculator tool, and the corresponding
incomes can be included as a part of the country budget.

Another possibility would be to consider cooperation between countries. In that case, one
may simulate a hypothetic energy transition in which two (or more) countries share all
their resources and budget to build a new shared energy system together. If this is done
for two countries with very different properties (a producer country vs a consumer
country, for example) then the benefits of such cooperation will be evident.

Alternatively, other kinds of interaction between players/countries in the game can be
considered (like dividing them into political sides, consider geopolitical conflicts) to
explore the possible implications that such interactions may have on transforming their
energy systems.

‘Energy indicators’ game mode

Another activity which stimulates intensive debate may be about the possible limitations
of the calculator tool. Certainly, this tool cannot implement all the multiple dimensions
of an energy system. Social dimensions, for example, are particularly hard to quantify, so
it can be very difficult to see the possible impact that antinuclear movements, negationists,
or many other social positionings may have. Also, discussions about the eur2j-index may
be held to see what kind of aspects it lacks (for instance, energy diversity or energy
security are not directly considered in such an index despite the crucial role they play in
energy transitions).

Once the students get familiar with the game rules and the calculator tool, it is relatively
easy to suggest new debates and ideas to discuss during the game. This can be particularly
attractive if one chooses specific information or hot topics currently in the news and the
media as a starting point (like Ukraine’s War, Donald Trump policies about fossil fuels,
geopolitical conflicts for controlling minerals as rare earths, the transition from fuel cars
to electric cars, etc).

4. Opinions from the students

We conducted anonym polls among students after conducting the teaching activities
mentioned in the previous Sections in different university courses. All of these
courses were for students in their second or third undergraduate year with different
academic and cultural backgrounds (most of the courses were taught for Environmental
Sciences students, but also for Summer School courses open to students from any



nationality or background). As a whole, this allows us to obain a sample size of N = 232
students.

The students were asked about:

e (From 0 to 10) Their general level of satisfaction with the game activities

e (From 0to 10) How much they thought that such kind of activities had been useful
for their learning process about energy transitions in comparison to a classical
educational approach based on formal lectures,

e The main pros and cons of the gamified activities

The levels of satisfaction were in general quite high (8,1 + 2,3 over 10), and students
appreciated very much the use of gamification as a valuable resource to learn about the
issues and complexities of energy systems (8,5 + 2,0 over 10).

The most interesting information to evaluate the performance of our approach, however,
lies in the answers the students gave when asked about the pros and cons of this learning
strategy. As expected, the main flaws were related to the initial technical difficulties in
dealing with the calculator tool and understanding the overwhelming range of
possibilities it offers (even in the cases where students were only asked to work with a
small set of them for simplicity). While this can be partially solved by improving the
information and simplifying the tool interface (which is something we are continuously
doing), the versatility of our approach obviously may be detrimental to simplicity. So, a
training period is required to complete the learning curve and get the expected results.
Our experience so far tells us that a minimum of four teaching hours (with a reasonable
period in between them for autonomous practice and/or assignments) is necessary for the
game to be fruitful.

On the other side, the most positive comments from the students referred to:

(1) Their recognition that the calculator tool allows them to grasp the complexities
of energy management in a much better and deeper way than other approaches.
In particular, the process of learning how the tool works allowed them to set
out multiple questions or doubts that in a less interactive environment would
never be addressed in the classroom.

(i1) Their requests to enforce the cooperative and interacting dimension of the
game. The option of selling or buying their resources was one of the things
they found more engaging as it increased the level of realism of the activity.

5. Sustainable leadership: lessons to be learned

Having presented the range of possibilities our tools offer, it is pertinent to illustrate the
ways in which sustainability leadership students may benefit from them. For this, we
conducted a search through the Internet to compile the most recurrent concepts and
contents that curricula in sustainable leadership courses usually cover. In general, future
leaders must be equipped with a comprehensive understanding of sustainability to address
the pressing environmental and social challenges of our time. The key common areas we
detected were: (i) systems thinking, (ii) climate change and environmental challenges,



(i11) innovation and technology for sustainability, and (iv) ethical leadership and corporate
responsibility, and (v) stakeholder engagement and communication. In the following, we
briefly discuss how our discussion above connects to these areas and their corresponding
learning objectives.

Systems thinking

Leaders in general need to understand the interconnectedness of environmental, social,
and economic systems. This holistic view must help them to identify the root causes of
issues, and develop sustainable solutions, taking into account that interventions in one
area can have ripple effects across the whole system. In our gamified activities, this
holistic view is particularly visible and important (as the students themselves agree, see
Section 4).

How to push learning in this area? We can set up discussions or activities where the
situation of very different countries is explicitly compared. This way students can realize
how the same strategy/solution when applied to different situations may have different
(or even contradictory) effects. Discussing the causes of such differences will then
provide a perfect environment for understanding the complex nature of systems.

Climate change and environmental challenges

Knowledge about climate change, its impacts, and mitigation strategies is crucial. Leaders
should be aware of how their decisions affect the environment and commit to the solution
by implementing and promoting sustainable practices focused, for instance, in the
reduction of carbon footprint and/or keeping indicators of the Planetary Boundary Layers
within acceptable levels. A major barrier for this is that decision-making in many contexts
(especially in politics or businesses) at present is largely driven by criteria of economic
benefit. A useful way then to counterbalance this would be to visualize the long-term
economic benefits of sustainability. For this, a thorough discussion about the concept of
social cost of carbon [33-35], and its extension to other energy resources, would be
appropriate.

How to push learning in this area? The eur2j-index offers a very useful insight into this
point. First, explaining the methodology used to build the index may serve to introduce
the definition of PBLs (as well as their indicators) in a natural way. Second, the economic
version of the index (Equation 2) includes the notion of social cost of carbon, so one can
again use the calculator tool as an introduction to the concept. Discussing the different
approaches to calculate such social costs [33-35] can be also a source of stimulating
debate in the classroom.

Innovation and technology for sustainability

Embracing innovative technologies that promote sustainability is essential. Leaders
should encourage the adoption of renewable energies, sustainable agriculture, and green
technologies, to name a few. Furthermore, they should be aware that this way they will
often gain a competitive edge through cost savings, enhanced brand reputation, and/or
increased market share. Encouraging a culture that values creativity and experimentation
can lead to the development of innovative solutions, accelerating the global adoption of
new solutions.



How to push learning in this area? The ‘innovations’ game mode discussed above suits
perfectly this idea of quantifying technology and innovation impacts, both environmental
and economic.

Ethical Leadership and Corporate Responsibility

Ethical leaders must ensure their organizations operate in a socially responsible manner,
benefiting both people and the planet. This can be done by promoting transparency
(openly communicating their decisions and actions) and activities such as community
engagement, environmental sustainability projects and fair labor practices. All these
aspects sets the tone for a new organizational culture by modeling values such as integrity,
transparency, and accountability, so allowing ethical behavior to be encouraged and
rewarded.

How to push learning in this area? As stated above, the eur2j index can help to set up
discussions about ethical and environmental decision-making criteria within the context
of energy management, especially in a long-term perspective. For this, the
‘macroindicators’ game mode would be advisable. Also, the ‘Geopolitical landscape’
game mode represents a very useful way to discuss the different ways in which different
actors (countries, governments, companies) can interact in energy systems, so contrasting
cooperative (trading, sharing) practices to competitive (economic strangulation,
geopolitical clashes, wars) practices in real contexts.

Stakeholder Engagement

Sustainability leaders should also foster a culture of effective communication and
collaboration with stakeholders, including employees, customers, and communities. By
identifying and involving appropriate stakeholders early and often, leaders can reduce
potential risks and/or conflicts, address them proactively, and enhance the resilience of
sustainability initiatives.

How to push learning in this area? Again, the ‘Geopolitical landscape’ game mode will
provide an environment to simulate interactions between the different actors of an energy
system. In this case, it could be also possible that some students/groups are assigned the
real of energy managers and some others are assigned a different role (consumers,
administrators, activists). Having the calculator tool can then represent a way to put
numbers to the corresponding discussions/conflicts among these actors as a mechanism
to assess possible solutions and/or reach consensus.

6. Conclusions

Many countries have set ambitious targets for energy management. For instance, the
European Union aims to reduce energy consumption by 11.7% and improve energy
efficiency by 32.5% by 2030, which is expected to reduce carbon emissions by 1.5 Gton
annually [36]. So that, energy management represents a significant concern to
sustainability leaders, certainly one for which adequate training and educational tools are
required.



According to the literature, experiential learning is especially valuable for the education
of future leaders [37-38]. Its implementation in real-life contexts (through outreach or
similar activities), however, becomes often impractical or unmanageable, especially for
large groups of students or for activities which require access to sensitive
data/information. More controlled situations that can reproduce to some extent such
experiential activities are then a convenient alternative. Our gamification approach lies
within this category, by providing a set of virtual environments in which the students may
feel enrolled in real-like management situations, but still subject to the constraints that
the teacher/educator can freely add or remove for the sake of comparing scenarios or
clarifying the educational discourse.

The present contribution has been focused on presenting a toolbox, and a set of
corresponding teaching activities, that can fulfill these objectives for the case of energy
management, with an emphasis on educating sustainability leaders of tomorrow. Results
obtained up to now, as presented in Section 4, are promising but still scarce, and they are
reduced to very specific courses we have taught at university level. Its accommodation to
other educational contexts (e.g. high school teaching or microcredentials thought for
environmental managers/consultants) is then a sensible area of advance we are currently
exploring as a part of the eur2j project mentioned above [17]. Also, a more extensive
implementation of these tools requires creating a network of practitioners from which we
can get new ideas/necessities for the different potential purposes of the tools. All these
ideas and advances will be the subject of forthcoming works and publications.
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