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Abstract. This study aims to identify the indicators with the potential to be used in
video games by using the concept of sustainable development through Renewable
Energy (RE) sustainability assessment. A systematic review performs to gather the
key indicators. Also, this study seeks to increase players’ awareness about the role
of RE in real life and expands the game appealing to sustainability. In this study,
the game named TOWNSHIP™ is employed to evaluate if we can include RE and
sustainability assessment concepts to use as a tool for sustainable development
consciousness to the public. The work evaluates the availability of environmental,
economic, social, technical, and governmental indicators in the game (capacity,
aptitudes, and attractive options). First, from an existing inventory of sustainable
indicators, more compatible ones for RE are selected. Second, with the help of
expert viewpoints, potential indicators are picked for the game. Finally, from the
analysis of the game structure, some scenarios were constructed, and the game
run in an assumption atmosphere. The study concludes the video game’s potential
for sustainable development indicators in RE and advances recommendations for
improving the game’s attractiveness through updated options.

Keywords: Video game - Renewable energy - Sustainable development -
Sustainability indicators - Gaming

1 Introduction

Today, to develop a video game in addition to the graphic quality that requires a high
level of distinctive processor systems and platforms, creating content in games is also
of particular importance. In the world of video games, developers try to measure the
players’ interest by using polls in the databases and platforms (e.g., Play Store which
makes these games available for everyone), so they can make positive changes in these
games by reviewing different feedbacks. A quick look at the participation of players
and gamers in the polls can show how much the audience cares about the quality of the
products they receive.
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The necessity to create a game could be fueled by a variety of backgrounds. For
example, a game can be developed for the sole purpose of entertainment, education (e.g.,
[1, 2]), understanding a process (e.g., [3, 4]), motivational issues, or considering all of
these parameters (e.g., [5]). Meanwhile, games that have been produced for educational
purposes to raise the awareness of the audience with concepts that are substantial such
as energy transition, climate change, engineering process, etc., are in the stage of growth
and development [6-10] (e.g., using RE as a game concept). A review of the existing
literature shows that despite many efforts, the amount of games produced in this field is
growing and the use of basic concepts, frameworks, and ultimately the target audience
is in its infancy.

RE considers a solution and a concept for sustainable development [11], and its role
has rarely been seen in video games. In addition to a small number of video games
(based on Scopus and Web of Science platforms investigation) in which RE is part of
the overall game process (e.g., [1, 8], and [12]), there are several simulations game (e.g.,
[6]) and serious games (e.g., [13]). Therefore, it needs to investigate the role of RE in a
video game by designing a valid route, considering diverse terms and options. Then, we
can expect that involving this notion in games will assist in boosting not only people’s
understanding but also the enjoyment of the game.

Therefore, this study examines the potential of sustainable development indicators
(as options and terms) in RE in the form of video games. Also, it considers a type of
video game that has a high quality, which gives some suggestions on creating game
attractiveness based on enhanced options.

2 Indicators and Frameworks

Since RE is perceived as a crucial pathway to Sustainable Development (SD), its assess-
ment is critical for SD Goals (SDGs). Some SDGs have an excellent connection with
RE. For instance, SDG-7 (refer to ensuring access to affordable, reliable, sustainable,
and modern energy for all) and SDG-13 (refer to taking urgent action to combat climate
change and its impacts) are some examples [14]. As a result, successful implementation
of a RE system can affect these SDGs outlines. In achieving SDGs, more effort than
current policies and approaches is required. It is especially true in the energy sector, as
energy is a necessary component of all development operations.

Many efforts have done to shape this idea to analyze the long-term development of
a system. Sustainability assessments are conducted by SD frameworks, which is one
of the essential factors. It is a logical design on which the indicators are based [15]. A
framework is a high-level, direct reference to SD principles [16]. Many national and
international legal frameworks have been created around the idea of designating energy
sources such as renewable or non-renewable, and RE has become a dominating concept
in energy policies. RE is designed to be firmly associated with the sustainability and
successful mitigation of climate change in public discourse [17].

Besides, analysts and decision-makers at the local, national, and international levels
can use indicators to gain a deeper understanding of the SD circumstances and trends,
the effects of policies, as well as the long-term consequences of policy changes [18].
Indicators can provide a numerical value for the sustainability level and highlight all
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dimensions so that the users can compare the sustainability of different systems and
select the most appropriate one with the lowest costs. The users also must determine if
the benefit of a RE system exceeds its costs if it is more attractive than other systems, and a
numerical value helps simplify their assessment and decision-making [19]. Furthermore,
it provides a broad picture of whether governments have made sufficient progress toward
SD plans and goals [20].

Indicator selection is vital to recognizing SD dimensions. In addition to the three
main pillars of SD (environment, economic, and social), this study investigates the gov-
ernment’s role and technical properties (i.e. by considering governmental and technical
indicators in the RE sector). The study of ref [21] was followed to collect SD indicators
for RE’s evaluation, in which environmental, economic, social, governmental, and tech-
nological indicators were found by comprehensive literature analysis. The authors in ref
[21] used the high-frequency indicators found in the RE and SD literature to choose the
most important indicators in each dimension. Table 1 gathered up a list of indicators in
each dimension.

Table 1. The most important indicators for RE sustainability assessment [21]

Dimension Indicators

Environmental | CO, emission, land use, impact on ecosystem, NOx, and SOx emission,
GHG emission reduction, particle emission, noise, need for waste disposal,
and emission generally.

Economic Investment cost, operation and maintenance cost, energy cost, fuel cost,
payback period, net present value, service life, cost of capital, generation cost
per unit, GDP, and employment rate

Social social acceptability, job creation, social benefit, impact on health,
compatibility with political and legislative situation international obligation,
public awareness and willingness, availability, R&D, government support

Technical Efficiency, reliability, resource availability, maturity, safety, primary energy
ratio, feasibility, continuity and predictability of performance, capacity
factor, and innovativeness

Governmental | Legal regulation of activity, government support, political stability, absence
of violence/terrorism, control of corruption, the efficiency of subsidy for the
feed-in tariff, compliance with international obligations, and influence on
sustainable development of energy

3 Material and Methods

3.1 Introducing a Capable Video Game

This study uses a game as an example to better comprehend the use of indicators. TOWN-
SHIP™ is a free-to-play city-building game developed by “Playrix” that is accessible on
various platforms. In this game, players can design their fantasy city according to their
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preferences using the game’s choices. Building infrastructure, harvesting crops, mining,
and trading are some of the game’s most well-known elements. This game gives a core
natural environment that players can personalize to their liking. The game’s architecture
allows players to develop cause-and-effect links with basic life ideas such as environ-
mental awareness, economic relations, and social understanding, all while having fun
with the game’s options.

3.2 Hypothesizing and Assumptions

Using an existing video game provides the necessary foundations (e.g., a huge animation
base, a high-performance technical staff to support new game options, a large fan number,
etc.) to add new concepts and to realize whether players can get satisfied with the new
features through online polls. However, this is an intellectual test to expand the concept
of SD and the use of RE. Also to use a video game, this study follows the results
of some scientific works. For two decades, scholars find out that video games bring
happiness to players. For example, Przybylski et al. (2010) investigated that “video games
have the potential to enhance intrinsic motivation and short-term well-being insofar as
they provide players with experiences that satisfy universal psychological needs” [22].
Johnson et al. (2013) reviewed the role of video games and well-being. Their findings
indicate a variety of advantages to playing video games, regardless of their substance.
Then, playing video games can lead to improvements in mood, stress reduction, and
emotions of competence and autonomy, among other things [23].

To engage the RE with this game, if we apply the concept of energy (energy transition)
and sustainable development to the structure of this game, then we can use the capacity
of indicators in this game as smart options. This study also omits the various perspectives
on sustainable development (such as the triple button line) because it simply wants to
discuss the role of indicators as in-game options.

Moreover, it is assumed that Table 1 provides a sufficient number of appropriate
indicators for this study. This study assumes that all indicators are on an equal footing
in the game to make it easy to use them.

Furthermore, like other features of this game, the RE has equal wealth. For exam-
ple, just as a dairy factory, poultry, and other industries are essential for a city and a
community, RE is also required. By following this supposition, the game forces players
to follow sustainable development solutions for the energy supply of the city as well as
utilizing RE.

3.3 Framework of the Study

This study presents a direction regarding the indicators selection and implementation
through a game with excellent graphical quality and basic potential to add RE and SD
definitions to utilize indicators in this game and evaluate the game’s enjoyment.

Five experts were invited to create the game’s key performance indicators, ensuring
that they were well-versed in RE, SD, and sustainability indicators. They are also the
ones who have played the game and are familiar with the gam’s atmosphere. As a result,
a questionnaire was created based on the data in Table 1 and the question of which
indicators may be used in the game was posed. They then answered by evaluating two
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conditions: 1) what are the most essential indications, and 2) which indicators can be
more consistent with the game’s framework.

The essential information for the initial selection of indicators was acquired based
on the opinions of five specialists (Fig. 1).

@ Frequency

Indicators

@ Frequency

Indicators

Fig. 1. Considering expert viewpoints regarding selecting indicators for the game (top and down)

According to this, they determined that 43 of the 48 accessible indicators possessed
the necessary capacities. The next stage was to construct a condition so that a more
appropriate set of indicators could be selected for use in the game with higher con-
fidence in all opinions to achieve common ground amongst expert perspectives. As a
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result, indicators were chosen on which at least 60% of experts agreed. In other words,
at least three of them must agree on a particular indicator. Finally, a total of 26 indicators
were discovered. A hierarchical diagram of the selected indicators is shown in Fig. 2.
Regarding this, nine environmental indicators, six economic indicators, four social indi-
cators, four technical indicators, and three government indicators were finalized to use

in the game.
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Fig. 2. Potentiated indicators selected to employ in the game
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“CO, emission,” “land use,” and “impact on the ecosystem” are among the most
important environmental indicators. Also, within economic indicators, “energy cost”
and “investment cost” received more votes. Experts, on the other hand, ranked “job
creation” as the most considerable social indicator. Technical indicators are on par in
terms of weight, but “government support” is the most significant governmental indicator.
“Energy costs” and “government support” were the indicators that drew the attention of
all specialists (5 out of 5).

To apply the indicators in the game ventricle this study introduces a flowchart (Fig. 3).
It shows how indicators can be used to feed the game and how they’1l be used as options
in the game. First, this study proposes a game with the possibility of selecting environ-
mental variables (e.g., this city would be located on which continent) to demonstrate
how a city’s sustainability differs from one location to another. The level of sustainabil-
ity for this hypothetical city gauges all the time in step 2 using the various terms and
conditions that this game can add to its framework. For example, the game can assess
the city’s sustainability using SD criteria (environmental, social, economic, and so on)
and approaches based on Multi-Criteria-Decision-Making (MCDM) to measure the sus-
tainability level. The game then proposes a form of RE as a solution to the sustainability
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challenge in the issue of energy generation (wind, solar, bioenergy, hydropower, etc.).
There is a range of terms that it is possible to employ to demonstrate how the game can
provide some form of RE (step 3). For example, the amount of money (a player has
earned while playing the game), the levels of the game, etc. The game will begin the RE
sustainability evaluation after a player selected RE type(s) in step 4 (with the conditions
in step 2). The game will check again if there is non-compliance with the utilization of
RE and SD. If it was not sustainable at that time, the game refers to step 2 for further
investigation. If the condition was sustainable, the game considers more indicators in
each dimension to offer more RE options during the time-play and game stages.

. Game starts to
Select an environment - Game offers RE

X sustainability | svstems
(¢.g- a continent) level of the city N

! f
Player selects
preferred system

w

No

T——
RE sustainability 4,—"<\_\ Sustainable
~— 2
assessment by game | ~—

Considering more

indicators @

Fig. 3. SD indicators selection and implementation for the video game

n

3.4 Scenarios for Indicator Selection Within the Game

While renewables are very environmentally sound, the use of land (onshore or off-shore)
for establishing a renewable structure can be a negative factor. Players can choose the RE
option to secure the city’s energy if the game offers several RE types to supply energy for
manufacturing, housing, transportation, and other sectors related to the game’s environ-
ment. However, players need to be careful about their budget, the size of RE (i.e., land
use for renewable system implementation), and CO; emissions. Besides, the measure of
power plant effect on surroundings, visual impact, manufacturing waste recycling, and
primary greenhouse gas emission can represent other beneficial environmental indicators
(Fig. 4).

Instead of sending messages to show players what they need and what the condition
is, the government in this game (which is defined to control the game as an intelligent
element) can support the idea of RE implementation and examine whether players are
eligible to apply a type of RE. Therefore, the indicators introduced in Fig. 4 (government
role) can be used in this game.
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In this game, the criteria that affect the city’s energy supply, such as the efficiency
of a RE system, capacity, resource availability, and feasibility, can be realized as tech-
nical indicator possibilities. Technical indicators provide gamers with alternatives for
determining which RE system is best to use throughout game stages. Players will be
considered as decision-makers in RE system selection because this game has a dynamic
concept.

People in each community affect government and vice versa. Therefore, society can
ask about what they want. Then, they should be satisfied whit the RE type installed while
it brings them benefits like job creation. The social indicators in Fig. 4 can aid in the
decision of appropriate RE by taking into consideration the social aspects that concern
RE. It can be happening by exposing some messages from citizens in this game because
citizens respond to the changes that players apply during the game.

Role of Government : Energy of factories

*  legal regulation of activity

* govemmentsupport - /

. of X
energy 7

L2

Environmental indicators:

+ CO2emission {
+ landuse

* impacton ecosystem
*  NOxemission

Fig. 4. Implementing selected indicators for the video gamel

Finally, the economic situation of the game (i.e., the amount of money that players
earn through each economic activity like selling products and mining) can control most of
the activities that are happening in the game. Investment cost, as an economic indicator,
includes all types of expenses. Hence, players can choose the appropriate RE type for
their budget over time based on their financial resources. In the same way, for other
economic indicators, we can make different scenarios to consider the sustainability of
RE while gaming.

I n this study, a few snapshots were taken of the game (from Playrix-TOWNSHIP™: https://
www.playrix.com/games/township) so that to present the game space and deal with some
options in the form of indicators.
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4 Results and Discussion

One of the goals of any game development company can be to create popular and
enjoyable games. This study introduces how the scientific definition of RE can contribute
to a video game. Therefore, a game is selected to see which interconnections exist
between sustainability indicators and game options. After identifying the indicators of
sustainable development in RE, the structure of the game will be assessed for SD and
RE with available sustainable indicators.

Video games have the potential to be an extremely effective tool for telling stories.
Furthermore, gamers have a pivotal role in the video game storyline as they are required
to make decisions that affect the game route and atmosphere [22]. In this study, gamers
are encouraged to not only have fun while playing, but also to learn about the game’s
possibilities through trial and error, paying fees, and completing RE tasks freely. Also,
they serve as a process designer by providing crucial concepts (i.e., SD and RE).

Nowadays, a significant shift toward more sustainable energy systems is required. So,
it needs both the utilization of renewable energy sources and comprehensive approaches
that take into account cost reductions, energy efficiency, and institutional innovation
[24]. This game is assumed to provide a geographical area for the game world and
use environmental, economic, social, technical, and governmental indicators to select
a renewable power plant. In this way, after playing a few times, the player realizes the
importance of the indicators and can try to make the fitting choice, which is done in
the real world using complex mathematical algorithms and methods such as MCDM.
Citizens who have a minimum awareness of RE sources are more effective partners in
increasingly complicated power economies and political decisions in general [1].

Developing various scientific strategies and scenarios can boost the attraction option
of the game and player awareness. In this regard, Magnussen et al. in 2013 studied sci-
entific discovery games for authentic science education. This study aimed to investigate
how a scientific game concept can strengthen authentic experimental practice and create
new science, education, and the elements that play a central role in such a game. They
discovered that by collaborating with academics and participants in the research (where
both are highly motivating features), games are commonly utilized in education to drive
students to engage in instructional activities [25]. For instance, by increasing the level of
knowledge (by designing a school and a university in TOWNSHIP™) and boosting the
research level and development (R&D) as an indicator (Table 1), it is possible to create
updates in renewable power plants while playing. It requires incorporating a component
within the game, such as a university, which will display messages on the screen to assist
players in determining whether or not to play the game depending on RE choices and
energy conditions. Therefore, they can expect the amount of energy produced to increase
the financial benefit of gameplay. Also, players are highly motivated by scientific discov-
ery games and the fact that they allow them to participate in scientific investigations [25].
The video gaming industry is expanding at a breakneck pace, attracting the attention of
gamers of all ages. Thanks to advanced graphics processors and innovations in software
programming and computing platforms, modern games provide appealing and often odd
worlds to explore, escape from, and enjoy. As a result, the majority of individuals spend a
good deal of time engrossed in the gaming world. Furthermore, many people will devote
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a significant amount of time to perfecting their gaming abilities, learning the gaming
environment, and inventing tools to aid them in their game success ([26] and [27]).

There is a vast literature to argue about the enjoyment of a video game. Some of the
critical enjoyment attributes, this research concludes game world, storyline, characters,
music, quality assurance, challenge, competition, art design, and graphics (e.g., [28—
32]). Hence, if we add a new definition to an existing game, we can anticipate that new
challenges added to the game. Therefore, players will face circumstances to solve the
requirement by their decisions. So that is true if we apply SD and RE to the structure
of a high-quality game. The concept of SD and RE should be a concern for the people
while they are living in an era in which problems like climate change, natural security,
energy production-transition, and economy are human being significant affairs. As a
result, subjoining SD indicators to RE can convey some of the enjoyment features of
video games. The game environment, for example, must provide space, or at least a
perception of space, that encourages the player to explore. Therefore, including such a
unique idea can enjoy the game and acquaint the audience with vital concepts. Also,
each game must target a range of abilities, so the combination of experiences required
to solve a game problem must progress incrementally [33]. It is envisaged that players
get involved with the new idea deeply. Besides, incentives must be adequate for the mix
of abilities and skill levels required to complete a gaming problem or challenge, which
TOWNSHIP™ already uses this system of rewarding.

Thus, as can be seen from the examples, this study aims to increase the excitement
by considering new ideas and capabilities of a game. However, it remains a profound
investigation of other enjoyment factors; the emotion of joy, for instance, is out of this
study’s scope.

This study believes that the collaboration between academic and game companies can
bring new ideas for games features. Also, it suggests that the conceptual frameworks
in sustainability assessments should examine to create different scenarios. Therefore,
various updates, different versions, and more attractive options can be provided for the
future of this type of game.

5 Conclusion

This study provides a quick assessment of the potentiated sustainability indicators toward
RE to investigate the hypothetic options that increase video game attraction. Considering
environmental, economic, social, technical, and government drivers, this study came up
with attractive proposals that create the right atmosphere for players. The relationship
between the indicators and RE has examined as well as the creation of appropriate
items to increase the status of the game. The results demonstrate that including a new
impression in the game with sustainability ideas can level up the novel challenges. In
this regard, some assumptions include assessing the ability of the game to adopt the
innovative implication. Enjoyment factors consider both the game’s structure (e.g., high
graphic base) and new concept’s capacity (e.g., bringing new challenges). Hence, it
supposes that the pleasure of playing will increase due to these prospects, and players
will be more associated with the concepts of sustainable development and RE after
repeating this game. Despite the lack of high-quality video games focusing on RE, this
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study recommends using games that can combine this content. Also, to find the best
scenarios in this game and better influence the game structure, it is necessary to evaluate
sustainability frameworks.
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