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ABSTRAKT

Prace se zaméiuje na navrh a tvlar¢i proces vyvoje ekologické pixel artové videohry

Revenant Earth 2. Cilem je navazat na zaklady prozkoumané v mé bakalaiské praci, kde

.....

Prvni kapitola se zamétuje na analyzu hra¢ské zpétné vazby a poznatkli z vyvoje demoverze.
Druhé kapitola obsahuje hlubsi vyzkum fungovani klimatu a ekosystému ze souvisejicich
veédéckych materialii, a pojednava o adaptaci téchto poznatkl na zabavné a edukativni herni
mechaniky. V poslednich kapitolach prace dokumentuje estetickou a tematickou resersi,

vyvoj samotné hry, pouzité technologie, a cesty k dalSimu rozvoji projektu.

Kli¢ové slova: videohra, ekologie, pixel art, Zivotni prostedi, game design, herni vyvoj,

vyzkum, véda o klimatu

ABSTRACT

The thesis focuses on the design and creative process of developing an ecological pixel art
video game, Revenant Earth 2. The aim is to build on the foundations explored in my
bachelor thesis, where a simple demo of the game was created, and bring it closer to a

finished, playable product.

The first chapter focuses on analysing player feedback and insights from the development
of the demo. The second chapter includes in-depth research on climate and ecosystem
functioning from related science and discusses the adaptation of these findings to create fun
and educational game mechanics. In the final chapters, the thesis documents the aesthetic
and thematic research, the development of the game itself, the technologies used, and the

pathways to further developing the project.

Keywords: video game, ecology, pixel art, environment, game design, game development,

research, climate science
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INTRODUCTION

This diploma thesis focuses on my design and creative process while developing the video
game Revenant Earth 2 — a pixel-art adventure game focusing on environmental themes in
a realistic sci-fi setting. The goal of this project is to build upon the foundation explored in
my bachelor thesis! — which was aimed at creating a simple demo version of the game — and

bring it closer to a finished, playable product.

During the two years since creating the demo version in 2023, I have presented the
game at numerous industry and public events and collected substantial amounts of player
feedback. One of the key goals of the thesis is to analyse and adapt this player feedback for
the next iteration of the game. Besides player feedback, I have also compiled a series of
personal remarks and ideas during playtesting of the demo. These are also listed and

considered in the thesis.

A major avenue for improvement over the original demo is in-depth scientific research
into ecosystems and climate, resulting in more accurate environmental mechanics based on
real-world principles. This allows the game to serve not only an entertainment purpose but
also educate players and bring attention to contemporary challenges associated with climate
change. Game design according to research results focuses on developing engaging game
mechanics that still accurately represent reality, without getting overly constrained

creatively.

The resulting video game, Revenant Earth 2, places the player in the role of a climate
engineer, using near-future technologies combined with biological processes to restore the
ecosystem of planet Earth after it has been destroyed. Its development considers in-depth
scientific research, educational aspects, technical innovations, and paths to releasing the

game to market, such as on the Steam online games store.

I MAREK, Videohra Revenant Earth, 2023.
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1 THE INITIAL STATE OF THE PROJECT

My 2023 bachelor’s thesis concluded with releasing a limited demo called Revenant Earth.
In this chapter, I briefly describe this demo, its goals and features, and analyse if some of its
approaches have been successful. This will then be used as a guideline for directing the

second iteration of the game.

REVENANT EARTH

Figure 1: Screenshot from the current version of the demo, Revenant Earth
(own elaboration)

1.1 Overview of the demo

The demo Revenant Earth is a side-scrolling pixel art sandbox game set in the future
following a climate catastrophe. The player is tasked with exploring the polluted planet Earth
and gathering resources, which are used to engage in the main mechanic of the demo:
Planting trees to reduce environmental pollution. This pollution affects the player character
in a direct way: any movement actions (walking, running, jumping etc.) in a polluted area
will deduct oxygen from the player, possibly leading to the death of the character if oxygen

is not replenished in time.

The other major danger in the demo are aggressive robotic enemies, which roam the

world and attack the player on sight, forcing them to either flee or engage in combat.

The pixel-based environment is extensively simulated and dynamic — the player may
add or remove terrain pixels of varying materials, such as soil, rock, sand, or water. These

materials interact with each other (water soaks into soil), the physics system (sand falls and
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forms piles), the placeable trees (trees require sufficiently watered soil to grow) and the
player character (movement is blocked by solid walls of rock or soil and slowed by moving
in water). The player can place or remove terrain in a very freeform way similar to drawing
on a digital canvas. Removing terrain of any type grants the player a resource called
“Material”, while adding terrain deducts this resource. “Material” is also used when planting

trees and building structures.

The demo has no win state or conditions, but the game communicates direction of what
could be considered player success: Planting enough trees to remove pollution in every part

of the game map and eliminating all the enemy robots.

The only losing state is when the player character dies due to low health or oxygen, at
which point the player must restart the game from scratch, as there is no progress saving

system.

Technology-wise, the demo runs in the web browser supported by technologies like

HTML, TypeScript and the PIXLjs library.

1.2 Player feedback

The demo version of Revenant Earth was presented to the public at two video game events,
GameDev Connect 2024 and Game Access 2024. Players had the opportunity to try the game
and provide verbal feedback, which was collected and compiled into a list of remarks. It is
important to note that feedback collection was not structured or comprehensive in any way,
and as such the compiled feedback only serves as a rough guiding point for further

development.

Table 1 presents an overview of player feedback, including direct suggestions for
improvement, feature requests, or expressed enjoyment or dissatisfaction with elements of
the game. Repeated suggestions of a similar nature by different players have been merged in

the data, with a subjective estimate of the number of times reported.
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Table 1 Player suggestions from two game events

Suggestion / feedback Rough number of
times reported

Add a practical intro / tutorial explaining the game’s controls 15

Remove unskippable introduction dialogue 10

—_
o

Enjoyed the visuals of the game

Add a game-over / fail state, ability to restart

Show clear warnings when low on health, oxygen or energy

Add a win / success state, game score

Enjoyed the plant / base management gameplay

Make it easier to avoid enemies and combat

Enjoyed the terrain editing gameplay

Enjoyed the visual feedback of removing pollution

Visualise where player structures can be placed

Found it difficult to move the character

Show clear warnings when in a dangerous or polluted area

Add a language selection option

Improve grass behaviour, so that it spreads naturally

Enjoyed the combat gameplay

Enjoyed the environmental context

Improve UI workflow, such as closing unused panels

Clarify the player's available resources

Add a species selector when planting seeds

Implement an online multiplayer mode

Visualise predicted projectile paths during combat

Add more biomes

Add more player buildings

Add animals

Add a tougher "boss" enemy

— o= NN NN W W W W W D | D | D ] N OV OV oo oo oo| ©o

Add game modding capabilities

(source: own elaboration)
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1.3 Successful elements

Collected feedback indicates that many players enjoyed the visual direction and art style of
the demo, often appreciating the scenery before even engaging in any substantial game
mechanics. While there are still many ways to update and improve the visual style of the

game world, the general style could be considered a success.

One of the game mechanics that received positive feedback from the players was the
concept of tree planting — some players considered this relaxing and creative, enjoying also
the process of taking care of the plants, despite it being unnecessary in some versions of the
demo. Players expressed a desire for more plant variety and a more detailed growth process,

as well as the addition of animals.

A part of the player base also reported enjoying the sandbox aspect of terrain
manipulation in the game — often chaotically reshaping the terrain at large scales, rendering
the game world untraversable by the player character. Despite the player approval of the
sandbox system, this poses significant challenges to a smooth flow of gameplay and may

need to be reconsidered.

1.4 Unsuccessful elements

One feature that players consistently avoided during the playtesting of the game was the
dialogue system. This system introduces story, characters and conversations in a purely text
form, which saw players quickly losing attention and trying to skip past the dialogue
sequences. In some instances, players abandoned playing the game altogether before the
dialogue sequence could finish. This could be considered a major flaw of the demo’s design
and should be addressed by reimagining the story in a more visual, interactive way — possibly
using cutscenes. These cutscenes could reveal the story of the game throughout gameplay,
instead of providing the majority of it as exposition at the beginning, which could increase

player engagement.!

! GUTIERREZ et al., Supporting Narrative Design in Video Games: Proposal and Case Study with
an Educational Video Game: Proposal and Case Study with an Educational Video Game, 2024.



18 TBU in Zlin, Faculty of Multimedia Communications

Greetings, Father. My ransacking was a delight, thankyou
for asking. So, I'lljust be on my way, again.

Figure 2: Screenshot from the game Hades (2020), which distributes multiple story
cutscenes throughout a playthrough as rewards for completing each round of the game.
Screenshot by Supergiant Games through Polygon'.

The sandbox terrain system mentioned earlier is not only unrealistic but works mostly
against the game’s narrative — the player is through this system encouraged to exploit and
mine the environment for material gain, something that the game’s themes aim to criticise
in the first place. Therefore, despite players expressing enjoyment of this mechanic, it may
need to be reevaluated, perhaps with terrain manipulation being restricted and in-game
resources being primarily gained in an alternative, environmentally friendly way. There
should, though, remain a choice for the player to make in how to approach resource
gathering. Seeing consequences of environmentally damaging decisions can be a helpful

learning tool to influence players’ behaviour in real life. >

Another point that players struggled with in the demo was the free-roaming enemies,
whose difficulty and persistence in pursuing the player put heavy emphasis on intense
combat gameplay. While the danger of well-equipped aggressive enemies to a nearly
unarmed player is something I would like to keep in the game, it is an intrusive mechanic in
its current form. A potential solution could see the enemy robots relegated to specific areas
which the player has to consciously decide to visit, or give the player a deterrent which,
while not defeating the enemies outright, could help avoid combat until the player feels

comfortable dealing with it.

! SUPERGIANT GAMES, Hades, 2024.
2FENG, How Game Ecology Drives Player Choices in Strategy Video Games: An Environmental Determinism
Perspective: An Environmental Determinism Perspective, 2024.
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1.5 Going forward

While the initial demo of Revenant Earth proved successful in achieving some of its goals
and received generally positive feedback from the players, there are many ways to improve

on the introduced game mechanics and concepts.

The main goal of these changes and improvements will be to create a more coherent
gameplay loop that integrates well with the setting and story. Game mechanics will be
revised to better represent real-world environmental principles and challenges. Expanding
the game world of Revenant Earth 2 with a background story and referencing contemporary
real-world issues according to research will help players understand the depicted events in

the context of topics they encounter in common public discourse.

This can in the future be used as a framework for introducing a greater amount of
content into the game, in the form of environments, quests, storylines and player progression

tools.
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2 RESEARCH ON CLIMATE CHANGE AND CLIMATE
RESTORATION

While the initial demo had mechanics relating to environmentalism, they were implemented
with a simplistic and naive approach that doesn’t map well to the issues and solutions
employed in the real world. Solving climate issues was essentially reduced to planting
enough trees in various map locations. However, player feedback showed that a degree of
simplification helped make the topic of climate restoration more approachable and attractive
in a game setting. Revenant Earth 2 - while it is still a game set in a fictional world, dealing
with climate engineering in an exaggerated, easy-to-grasp setting - has a strong focus on
more accuracy in climate portrayal than the demo. Simpler game elements like plants and
ground fertility are based more closely on how individuals and agencies interact with the
climate in the real world, while more speculative aspects like large-scale climate
engineering, reintroduction of extinct species and weather manipulation, offer more space
for creative interpretation — but existing scientific research and ecological principles are still

relevant as a starting point.

This section of the paper outlines some scientific research on several aspects of
Revenant Earth 2’s setting and gameplay and discusses how they can be adapted into

engaging game mechanics.

2.1 The setting

A major aspect that may undergo revision is the setting, premise and story that frames the
game’s goals and motivations. The original setting imagines a near future where — after
decades of exaggerated worsening of climate change — humanity is forced to leave planet
Earth and live in space, in greatly reduced numbers. The various ecosystems on Earth are
entirely collapsed and life is non-existent in most regions. Visually, landscapes become hot,
reddish deserts with a dusty atmosphere, intended to remind players of the uninhabitable
planet Mars. Any life seen in the game is brought in by the player’s actions, and ecosystems
must be artificially sustained at first. A major source of harm is presented in environmental
pollution, which can be removed from the air by filters and plants before allowing sustained
presence of the player. The main danger to the player is lack of oxygen, which is presented
to be closely linked to the absence of plants and the necessity of using air tanks due to air

pollution.
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From a storytelling and art direction perspective, this setting is visually striking and
communicates the state of a climate catastrophe very clearly. The core mechanic of pollution
is a very clear concept to explain and is easy to portray using devastated scenery and

unnaturally coloured air.

However, the premise of life entirely disappearing from most of the Earth’s surface
implies an extremely destructive disaster that likely would not result from only the effects
of climate change alone. The concept of ecosystem collapse, in reality, is not the complete
disappearance of life, but rather a transformation into another ecosystem and a shift in which
species dominate an area.! For instance, as described by Aladin and Potts, the Aral Sea
draining collapsed the former aquatic and marine ecosystem, but it was replaced by desert
and saline lake ecosystems, with newly introduced invasive species®. The actual problems
caused by these new ecosystems are the extinction or displacement of original species,

decrease in habitability for humans, and impacts on agriculture or water supply.

In Revenant Earth 2, the setting is revised to include signs of some ecosystems still
being present, although rudimentary and not capable of supporting human life. Water isn’t
entirely absent at the start of the game, although the terrain is still initially a mostly dry
desert. This also allows for new avenues in art direction, as the ruined human-made
structures found around the game world can show signs of damage by water, plant roots and
other fauna, which makes for more interesting environments visually and is more consistent
with what the audience may read as an abandoned, post-human landscape. In gameplay, pre-
existing life includes scattered patches of dry grass, a limited range of soil biota — making it

more plausible to introduce new plant species — and an implied presence of microorganisms.

The composition of the atmosphere has also been revised: in the demo, the air was
depicted as having no breathable oxygen, which is a highly implausible scenario even in the
case of mass destruction of plant life on Earth®. Oxygen content is no longer tracked in
Revenant Earth 2, instead the main danger to the player is presented by air pollution, high
temperatures and harsh weather, which are real-world problems that people in impacted
communities have to deal with*. This is part of the general aim to bring the game’s depiction

of the environmental crisis closer to the real ecological challenges of today.

' KEITH et al., Scientific foundations for an IUCN Red List of Ecosystems, 2013.

2 ALADIN a POTTS, Changes in the Aral Sea ecosystems during the period 1960—1990, 1992.

3 KEELING et al., Impacts of Changes in Atmospheric O2 on Human Physiology. Is There a Basis for
Concern?, 2021.

* LAKHANI, Nearly half of Americans breathing in unsafe levels of air pollutants — report, 2025.
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Thin atmosphere

Minimal cloud cover
and rainfall, high
temperature

Heavy presence of dust
in lower layers of
atmosphere

Dry, low-growth grasses
and shrubs

Eroded and dry soil or
sand

Sparse soil biota
(bacteria, microbes

Figure 3: Diagram of the initial ecosystem state in Revenant Earth 2 (own elaboration)
2.2 Environmental pollution

One point of inaccuracy in the original demo has been the mechanic of pollution. It is not
further described beyond being harmful to the player and has a very simplistic interaction —
plants can clean it from the air locally, which does not affect or propagate to neighbouring

locations, and there is no visible source of the pre-existing pollution on the map.

2.2.1 Air pollution

In real-world ecosystems, pollution is defined much more specifically. Air pollution usually

consists of: !
- particulate matter, such as dust, smoke and soot

- gases, such as nitrogen dioxide (NO.), carbon monoxide (CO), sulphur dioxide

(SO») or ozone (O3)

- acidic deposition (acid rain) caused by presence of sulphates and nitric oxides in

the atmosphere

- lead (Pb)

! VALLERO, Fundamentals of air pollution, 2014.
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Its main harmful effect is on humans and animals, and while plants can be directly damaged
by exposure to pollutants like ozone, they may be more affected by its secondary effects,
such as acidic deposition from rain and sunlight reduction caused by sulphates or particulate
matter. An engaging game mechanic may be found in the concept of acid rains, which will
have a higher prevalence with increased air pollution and provide a dynamic weather event

that the player must react to.
2.2.2  Ground pollution
Ground or soil pollution primarily consists of: !
- heavy metals such as mercury (Hg), arsenic (As) or lead (Pb)?
- chemicals such as solvents from industry
- fertilisers and pesticides from agriculture
- petroleum products
- radionuclides (radioactive particles) and nuclear debris

Ground pollution is closely related to water pollution, as water is the main transport vector
for most of these pollutants and is also in turn affected by the presence of pollutants in
surrounding soil. Heavy metals, especially, tend to have a widespread effect on marine
ecosystems>, where they get deposited in organisms and travel through the food chain, acting
as neurotoxins at high concentrations. This also significantly affects human populations that

rely on marine ecosystems as a main source of food.

2.2.3 In-game portrayal

Since the gameplay of Revenant Earth 2 takes place inland and places emphasis on depicting
terrestrial ecosystems, implementation will mainly focus on tracking air and ground

pollution, with water as a contributing factor rather than an entire system to manage.

Compared to the demo, air pollution in Revenant Earth 2 has a less profound direct effect
on plant life*, instead harming the player while contributing secondary effects such as

sunlight dimming and acid rain. In general, it is visually depicted as dust and smog in the

! MIRSAL, Soil pollution, 2008.

2 ANWETING et al., Evaluating the Concentration of Pb, Hg, Co, V, As, Fe, Cu, Cd, Cr, Mn, Ni, and Zn and
their Potential Sources in Soil from Two Abattoirs in Itu and Ikot Ekpene Local Government Areas of Akwa
Ibom State, Nigeria, 2024.

3 HADER et al., Anthropogenic pollution of aquatic ecosystems, 2021.

4 Air, Animals, and Plants, 2025.
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atmosphere, with the most intense visuals inspired by real-world incidents of heavy air
pollution, such as Delhi in 2024, as seen in Figure 4. It is also significantly more globalised,
and air quality changes propagate to the entire game region, highlighting the importance of

comprehensive solutions.

Figure 4: Cows and buffaloes graze on fields on the banks of the polluted Yamuna river on
a smoggy morning in New Delhi, India, November 5. Photo by REUTERS, Anushree
Fadnavis!

Ground pollution in Revenant Earth 2 is depicted mainly as heavy metals and chemicals that
strongly impact plant growth and health, possibly even leading to plant death through
phytotoxicity. The effect on the player is less profound than air pollution. During the game’s
development, I also considered a mechanic of gathering useful materials from pollutants

after the player cleans them from the environment.

As further described in Chapter 4 (Development process), the two main layers — air and
ground — have been designed to influence each other in multiple ways such as weather and
evaporation, creating a reactive ecosystem that feels complete even without the player’s

involvement.

' FADNAVIS, Delhi shrouded in toxic smog, 2024.
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Figure 5: Sydney Harbour Bridge during a red dust storm. Photos from real-world
incidents like this serve as important visual reference when developing Revenant Earth 2.
Photo by John Byrne at Wikimedia Commons'

2.3 Energy and temperature

Among the most widely discussed topics in climate science — and perhaps the most publicly
visible — is the issue of global warming.? Generally, global warming is driven by an increase
in atmospheric greenhouse gases like carbon dioxide (COz), methane (CH4), and nitrous
oxide (N20), which trap energy (heat) in the Earth’s atmosphere. The main sources of these
gases are the burning of fossil fuels, industrial processes, and land-use changes such as
deforestation — which releases previously sequestered carbon back into the atmosphere. As
concentrations of these gases rise, more heat is retained within the atmosphere rather than
radiated into space, leading to a gradual increase in average global temperatures®. The
inflows and outflows of heat energy between various parts of the Earth’s atmosphere and

surface can be illustrated using the concept of an energy budget, as seen on Figure 6.

' BYRNE, File:SHB-Red-Dust.jpg - Wikimedia Commons.: SHB-Red-Dust.jpg - Wikimedia Commons, 2025.
2 LINEMAN et al., Talking about Climate Change and Global Warming, 2015.

3 MASSON-DELMOTTE et al., Climate change 2021: the physical science basis: the physical science basis,
2021.
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Figure 6: A simplified diagram of the “energy budget” of Earth.
(own elaboration using data from NASA")

All heat flux is calculated in Watts per square meter, or W/m?. This indicates the amount of
energy received or lost over time for every square meter of Earth’s surface. When net heat
energy is deposited into an object (in this case Earth’s surface), its temperature increases

inversely proportional to its heat capacity.

The diagram on Figure 6 shows that the two main ways in which the surface of the
Earth gains heat energy are absorbing solar radiation and receiving reflected radiation from
greenhouse gases in the atmosphere. Since incoming solar radiation is constant, it is apparent
that the main factor driving changes in the temperature equilibrium is indeed an increase in

greenhouse gas concentrations in the atmosphere.

In climate science, the actual long-term temperature increase calculation includes a
wide array of additional factors like cloud albedo?, surface albedo, radiation heat loss

according to the Stefan-Boltzmann law?, feedback effects and differences in the various

Y What is Earth’s Energy Budget? Five Questions with a Guy Who Knows - NASA, 2023.
2 Albedo is the proportion of radiation energy reflected to energy absorbed, objects with a higher albedo appear
brighter as they reflect more light. The average albedo of the Earth is about 0.3, compounded from the high
albedo of clouds, snow and ice, and the low albedo of oceans, urban surfaces and forests.
3 Stefan-Boltzmann law states that the thermal radiation emitted from a surface is equal to the fourth power of

its temperature multiplied by the Stefan-Boltzmann constant (=~ 5.670 X 1078 > ).
m2xK4
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materials constituting the Earth. A value that combines the total effect of these factors is
known as climate sensitivity! and describes how much the global temperature will rise
following a doubling of the atmospheric CO» concentration over pre-industrial levels. Pre-
industrial levels are estimated at 260 parts per million (ppm), while the current levels? are
around 427 ppm. It is expected that the CO> concentration could rise to over a 1000 ppm in

3

the worst-case scenario”, resulting in a global temperature increase of 5 to 7 degrees Celsius,

assuming climate sensitivity at 3°C per CO2 doubling.

In the game design of Revenant Earth 2, temperature/heat is a newly introduced
mechanic which was not present in the demo. Its inclusion is possibly the most important
mechanical change, as almost all other in-game climate variables are linked to or directly
depend on simulating temperature. Notably, temperature influences soil erosion, wildfire
probability, plant health, water evaporation and thus rainfall, habitability, and wind intensity.
Its importance is highlighted, as global temperature is the main general indicator of the
player’s progress and success. The main way for the player to control environmental
temperature, as outlined in Figure 6, is capturing and sequestering greenhouse gases present
in the atmosphere. A secondary, complementary approach is also offered, by which the
player can artificially promote cloud formation in order to increase the planetary albedo and

reflect more heat back into space. This is further described in section 2.5.4.

2.4 Plants in climate restoration

Just as much as the previously described technical and physical aspects climate change,
plants are a crucial topic both from a practical and symbolic perspective. They both
significantly affect and are affected by changes in the climate, act as bioindicators,
phytoremediators, and importantly also as carbon sinks. Currently, it is estimated that about
500 gigatonnes (Gt) of carbon are currently stored in living plant life alone*, with an
additional 1500 to 2000 gigatonnes stored in soil, mainly through past decomposition of
dead plant matter’. In addition to that, plants in forest ecosystems capture around 15.6
gigatonnes of carbon every year®. Much of this stored carbon is also susceptible to processes

such as deforestation by humans or forest fires, which release stored carbon back into the

' What is ‘climate sensitivity’?, 2025.

2 Carbon Dioxide Concentration | NASA Global Climate Change, 2025.

3 Climate Change. Atmospheric Carbon Dioxide: Atmospheric Carbon Dioxide, 2024.

* NEUFELD, Visualizing Carbon Storage in Earth’s Ecosystems, 2023.

5 SMITH, Soils as carbon sinks.: The global context: The global context, 2006.

6 NASA Satellites Help Quantify Forests’ Impacts on Global Carbon Budget - NASA, 2023.
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atmosphere. Annually, this releases about 8.1 Gt of CO., significantly decreasing the net

carbon capture potential of forests to 7.6 billon Gt per year.

Plants are also some of the forefront victims of intensifying climate change. They are
integrated within complex ecosystems and can be very sensitive to changes within their
environments. Plant growth and health is influenced by temperature, water availability and
soil quality, and many species struggle or go extinct when these factors reach critical levels.
As soils erode and hold fewer nutrients and less moisture, plant populations are reduced and
forested areas recede in a process known as desertification!. This can enter a positive
feedback loop, where the reduced plant cover further contributes to soil erosion, slowly
expanding arid areas over formerly fertile soil. Many plant species also depend on pollinators
such as bees or other insects, and disruptions in those populations may pose a great risk to

reliant plants.

The symbolism of plants is also important and generally helps players understand the
game’s focus on ecology and climate. This was the core principle behind the main mechanic
in the demo of Revenant Earth, and most environmental interactions were simplified down
to planting trees to clean up environmental pollution. However, gameplay overly focused on
plants as problem solvers could invite misconceptions as to the role of plants in realistic

climate restoration efforts.

A common misconception, also present in the original demo game, is that plants convert
atmospheric CO; through photosynthesis in more or less constant amounts throughout their
lifetime. In fact, plants photosynthesise and store carbon the most during growth periods,
when it is needed as a source of energy for new cell development. This is measured as an
increase in the dry mass of the plant (excluding water), which is almost entirely constituted
of photosynthesised carbon molecules. This means that as plants get older and their growth
rate slows, their carbon capture rate will slow and they will act more as passive carbon
storage in terms of the carbon cycle?. Plant growth rate could also slow or stop due to
insufficient soil nutrition or moisture, meaning that even with abundant sunlight and healthy
leaves, a plant might not uptake and store a significant amount of carbon from the

atmosphere.

'IBERDROLA, DESERTIFICATION, 2021.
2BIELCZYNSKI et al., Leaf and Plant Age Affects Photosynthetic Performance and Photoprotective Capacity,
2017.
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In Revenant Earth 2, this is portrayed in the form of an interesting innovation in game
mechanics — in order to get the most out of plants as CO> sinks, players have to ensure their
plants are not only in good health, but also actively growing and increasing in dry mass
through providing adequate growing conditions. When a plant stops growing naturally, for
instance due to slow age, the player may opt to permanently sequester this plant’s carbon
through converting it into biochar and depositing in soil. Biochar and other carbon capture

techniques are further described in the following section 2.5.3.

Figure 7 shows the results of a study' modelling relative growth rates of four trees over
time and attained volume show that growth can significantly slow down with age. Note that
as this is relative and not absolute growth rate, a horizontal line would actually mean an
increase in total volume grown per year. However, even when taking this into account, the

graph indicates absolute growth slowing down over time.
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Figure 7: Relative growth rates of four trees modelled using the using the Chapman-
Richards growth function?.

Another key role of plants besides capturing atmospheric carbon, and perhaps more
important during the early stages of ecosystem restoration that the game’s initial setting
focuses on, is stabilising soil, preventing erosion, fixing nutrients to soil and providing a

base that other parts of the new ecosystem can thrive on. According to Espeland and

' POMMERENING a MUSZTA, Methods of modelling relative growth rate, 2015.
2 POMMERENING a MUSZTA, Methods of modelling relative growth rate, 2015, s. 5.
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Kettenring!, plants “alleviate the impact of rapid onset effects” such as droughts or floods,
by increasing soil water retention or reducing wind velocity and erosion. In the game’s
setting, droughts, floods, desertification and unpredictable weather patterns are among the
most important challenges for the beginning player, and careful plant selection is crucial to
establishing an ecosystem capable of resisting these effects. Plant species especially valuable
for this role are sometimes called pioneer species, signifying that they meet several criteria
for surviving in harsh conditions, reclaiming land, and improving the conditions for other

species to thrive in the area.

As a key to understanding the ecological strengths and weaknesses of plant species, it
is important to note the most important soil properties and nutrients that constitute what is
known as soil fertility’. Besides carbon (C) and water, plants also need other nutrient
elements to grow and reproduce: nitrogen (N), phosphorus (P), and potassium (K) are the
three main nutrients. Some other key elements are sulphur (S), calcium (Ca), magnesium
(Mg), or iron (Fe), among others. Some plant species and their symbiotic bacteria can help

fix and deposit these elements into the soil or prevent their drainage from eroded soil.

2.4.1 Pioneer species

While there are countless species of plants with various degrees of viability for the pioneer
role, some stand out either for their exceptional properties, or for their prominence in the
discussion of land reclamation. This section outlines some suggested species and their
possible roles in restoring an ecosystem, with the additional consideration of their use in a
video game, and therefore a need for the species to be recognisable and sufficiently diverse

in their properties.

! ESPELAND a KETTENRING, Strategic plant choices can alleviate climate change impacts: A review: A
review, 2018.
2 WEIL a BRADY, The Nature and Properties of Soils. 15th edition, 2017.
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Figure 8: Sea buckthorn (Hippophae rhamnoides). Photo by Svdmolen at Wikimedia
Commons'

Sea buckthorn (Hippophae rhamnoides) is a shrub species common in Europe and Asia has
many desirable properties for water and soil conservation? and is capable of thriving in harsh,
arid environments. It can withstand temperatures from -43°C to +40°C or even +55°C in
extreme cases’, making it ideal for cold, arid environments but also capable of surviving
hotter climates. It resists droughts, salinity and poor soil properties, and functions as an
atmospheric nitrogen fixer thanks to a symbiotic relationship with the bacteria genus Frankia
— greatly improving soil fertility over time®. In game, this species of shrub could be one of
the first complex plants the player utilises and could complement species like mosses and
grasses in the initial stages. An interesting property of the Sea buckthorn is that it bears

edible fruit — potentially supporting animal life in addition to the previous benefits.

! SVDMOLEN, Hippophae rhamnoides-01 (xndr).JPG - Wikimedia Commons, 2025.

2 RONGSEN, Seabuckthorn - A multipurpose Plan Species for Fragile Mountains, 1992.

3 ENESCU, Sea-buckthorn: a species with a variety of uses, especially in land reclamation, 2014.

4 BRASOVAN a CODREA, Data on Coal Dumps Retrieving in Petrosani Basin Using Sea Buckthorn
(Hippéphae Rhamnoides), 2008.
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Figure 9: Fire moss (Ceratodon purpureus). Photo by Claire Halpin at The British
Bryological Society.
Fire moss (Ceratodon purpureus) is a species of moss known for its extraordinary resistance
to pollution and poor soil quality?. It thrives in dry, sandy and disturbed soils, burned ground,
and urban rubble. It helps stabilise soil and retain water in areas with extremely harsh
conditions. In game, it could serve as an initial colonisation plant in areas with heavy
pollution or low moisture — serving as a first step in the preparation of areas for further

development.

Figure 10: Silver moss (Bryum argenteum). Photo by Illinois Wildflowers?.

Other moss species, such as Bryum argenteum, Funaria hygrometrica and Tortula muralis
could exist as in game alternatives to this moss with a similar function and performance, but

different visual appearance, with green and silver colours.

VHALPIN, Ceratodon purpureus - British Bryological Society, 2023.
2 RICHARDSON, The biology of mosses, 1981.
3 Silver Moss (Bryum argenteum), 2017.
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Vetiver grass as a bioengineering tool
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Figure 11: Vetiver grass and its contribution to soil stabilisation. Source: The Vetiver
Network West Indies'.

Vetiver grass (Chrysopogon zizanioides) is a perennial grass species with excellent erosion
control properties. Its roots may reach deeper than some trees’ and stabilise the soil.
Compacted soils may also be penetrated and loosened by the roots of this grass, improving
their quality and water infiltration. Vetiver grass prefers sandy soils and is tolerant to
drought, salinity, and floods. Its ideal temperature range is +15°C to +55°C, meaning it is
better suited for hot regions and may perish in excessively cold weather. A technological
system of soil conservation called the Vetiver System has been developed around this plant,
consisting of hedgerows of vetiver grass planted on eroding slopes. It may reduce rainfall
runoff by as much as 70%>. In game, it could be useful in especially eroded soil where
pollution is low to moderate, and also function as a fast-growing source of biomass in later

stages.

' The Vetiver System (VS) - The Vetiver Network West Indies, 2019.

2 TRUONG et al., Vetiver Systems Application, Technical Reference Manual. The Vetiver Network
International, 2008.

3 COUNCIL, Vetiver Grass: A Thin Green Line Against Erosion: A Thin Green Line Against Erosion, 1993.
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Figure 12: Black poplar (Populus nigra) in Poland. Photo by Kenraiz at Wikimedia
Commons'.

Poplars (Populus) are a genus of trees that include the subspecies of poplars, aspens and
cottonwoods. They grow very fast for their mass and are useful in climate restoration in
multiple roles®. The poplar is suitable for phytoremediation (capture of pollutants from the
environment) and can store harmful pollutants in its trunk such as industrial solvent
chemicals or trace elements of heavy metals. Thanks to its fast growth, the poplar can quickly
capture and store atmospheric carbon, which can be harvested in short growth cycles and
permanently stored using methods such as biochar. However, poplars are quite vulnerable
to heat, droughts and pests, meaning that in the context of game progression in Revenant
Earth 2, they may be utilised as high-performance plants in later stages, after basic soil

stabilisation and restoration has been performed.

There are many more species viable for the role of pioneer species besides the ones
described in this section. However, the outlined selection of one shrub, moss, grass and tree
species provides a base array of plants with interesting differences that could form the core
selection within the in-game environmental progression system of Revenant Earth 2. Their

specific implementation into game mechanics is further discussed in chapter 4.

' KENRAIZ, Populus nigra kzI - Wikimedia Commons, 2025.
2 DOTY et al., Enhanced Degradation of TCE on a Superfund Site Using Endophyte-Assisted Poplar Tree
Phytoremediation, 2017/09/05.
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2.5 Technology in climate restoration

As Earth’s ecosystems degrade and the climate undergoes anthropogenic shifts, the changes
may reach a point where restoration through purely natural means is no longer possible or
sufficient. To alleviate this issue, technological approaches are being developed that
complement or enhance natural restoration processes. They range from directly supporting
and managing plant species to stand-alone mechanisms like direct air capture of CO, or

influencing weather patterns'.

However, technological processes can also work in the opposite direction, acting as a
source of pollution, greenhouse gases, and requiring extensive resource extraction. The
existence of climate change itself can be attributed to technological advancements and the
resulting industrial development?, and even in modern attempts to mitigate its effects, new
technological solutions can introduce unintended consequences or deepen existing

environmental problems.

In the context of the near-future science fiction game setting of Revenant Earth 2,
established, newly introduced and speculative technology represents a significant portion of
the player’s toolset for restoring the climate. Within the story of the game, humanity
becomes existentially reliant on technology while living in space, while self-replicating
technology occupies the nearly lifeless surface of planet Earth and presents a danger to
human attempts at exploration. The game portrays speculative, large-scale efforts such as
terraforming, climate engineering and weather manipulation, some of which are analysed in

this section.

2.5.1 Terraforming, climate engineering and ecological restoration

The idea of terraforming describes deliberate, large-scale hypothetical efforts to transform
environments of other planets on a massive scale, in order to bring those environments closer
to that of Earth, making them habitable for humans or other terrestrial life’. It is an idea in
the realm of science fiction, as no real-world efforts of this magnitude are currently being
planned or considered, with doubts as to whether they’re even possible. In a sci-fi video

game, however, terraforming presents an interesting theme. A twist that Revenant Earth puts

'ROYAL SOCIETY a ROYAL ACADEMY OF ENGINEERING, Greenhouse gas removal, 2018.
2LYNAS et al., Greater than 99% consensus on human caused climate change in the peer-reviewed scientific
literature, 2021.

3 BEECH, Terraforming: the creating of habitable worlds: the creating of habitable worlds, 2009.
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on the idea is that within the game’s story, partial terraforming is being applied not to other

planets in space, but to Earth itself — to make its environment more habitable as it once was.

Related terms to terraforming include climate engineering and ecological restoration' -
the latter implies a much more realistic scope and viability than terraforming and is more
frequently discussed in academic works and policymaking. Ecological restoration is a
current process practiced in areas with damaged or degraded ecosystems and aims to create
conditions that support a natural return of the ecosystem to its historic trajectory?. In contrast,
climate engineering directly aims to influence environments and ecosystems to reach a
desired state within shorter timescales, using technologies like direct air capture, cloud
seeding or planetary albedo modification. This approach requires far more resources,
funding and research, and comes with additional risks — artificial modification of ecosystems

can backfire in unpredictable ways.

In contrast with more grounded natural processes, while mostly a theoretical concept,
climate engineering presents a stronger theme for a video game like Revenant Earth 2 —both
as a more attractive exploration of ideas, and as a better fit for the fast-paced time scale of a
game. Care will be taken during development to ensure that technologies portrayed in game
are still within the realm of plausibility and to prevent the creation of “magic solutions”
using speculative future technology. Players should be able to see and test the effectiveness
of various climate restoration approaches, and not all of them need to be portrayed as

effective and safe.

2.5.2 Harmful technology

While Revenant Earth 2 is set in the future and depicts speculative technologies, it still is
intended to relate in-game events and principles to current issues in the real world. A key
climate issue today is the continued release of greenhouse gases, pollutants and waste into
the environment. As seen on Figure 1Figure 13, the main contributor to emissions by far is
the energy sector, particularly energy for industrial purposes and fuels for transport. Most
climate change mitigation scenarios require as a first step a significant reduction of the
world’s greenhouse gas emissions, and offsetting of the relatively low volume of remaining
emissions, to reach so-called carbon neutrality or “net zero” emissions. However, if a

widespread reduction in emissions is not achieved, all proposed climate restoration methods

' JACKSON a HOBBS, Ecological restoration in the light of ecological history, 2009.
2 Restoration Resource Center What is Ecological Restoration?, 2025.
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(such as carbon capture, forest planting, ocean fertilisation) will not be capable of offsetting

the net emissions below neutral level, meaning climate change would continue to worsen.

Global greenhouse gas emissions by sector Sitg
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Figure 13: Global greenhouse gas emissions by sector. Graph and data by Hannah Ritchie
at Our World in Data'.

In the scenario presented in Revenant Earth 2, human population on Earth is practically non-
existent, which would conceivably also reduce active greenhouse gas emission sources to
near zero. While this is a realistic consequence of the presented scenario, it is lacking from
a game design and educational perspective: the player’s path to resolving residual climate
change effects would be dramatically different from the real-world path global society needs
to take to tackle this crisis. A source of active CO> emissions and pollution present in the
game world would challenge the player to first make steps towards stopping those emissions,
before engaging in more novel, restorative activities. An in-game narrative element that can
satisfy this role is the presence of robotic enemies, which has already been established in the
first iteration of the game. This narrative is expanded in Revenant Earth 2 to depict evolving

and self-replicating robotic enemies based in automated factories from times of human

! RITCHIE, Sector by sector: where do global greenhouse gas emissions come from?: where do global
greenhouse gas emissions come from?, 2020.
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settlement. The robotic factories are set up to produce unnecessary products for companies
that are no longer present or manufacture more copies of military robots that act as enemies
to the player. They operate without consideration for their environmental effects and thus
represent heavy polluting industry that continually reverses the player’s climate restoration
efforts until dealt with. The player may try to destroy or disable them directly — or
alternatively replace their energy supply to run on renewable methods to avoid confrontation.

This mechanic is further discussed in chapter 4.

2.5.3 Carbon capture

As the main greenhouse gas component of climate change, atmospheric COx is the focus of
many mitigation strategies. The most common and natural way of capturing carbon is
through photosynthesis in plants, as described in section 2.4 above. However, technological
methods to reduce or capture carbon emissions can be deployed to enhance natural processes
or substitute them in situations where plants would struggle or prove impractical. Their
effectiveness is usually limited by material or power requirements, and most are
prohibitively expensive to deploy at meaningful scales — but they are being utilised and
continuously developed today, with the promise of increased efficiency in the near future.
In the fictional setting of Revenant Earth 2, these substitutes are particularly attractive, as
complex plants initially struggle in the harsh conditions. The player can thus progress in

reversing the temperature anomaly while the local ecosystems are still largely dysfunctional.

This section is an overview of some prominent carbon capture technologies with a
comparison of their current viability and their viability within the game world of Revenant

Earth 2.
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Figure 14: A direct air capture plant. Concept art by Carbon Engineering'.

Direct Air Capture (DAC) is the process of extracting diffused CO; from ambient air using
chemical processes, separating this CO: and storing it away while releasing the rest of the
captured air into the atmosphere?. It functions using a variety of sorbent materials that bind
CO> onto themselves chemically or mechanically. These can include hydroxide solutions,
resins or metal-organic frameworks. After capturing, heat, pressure, or humidity changes are
applied to release the bound pure CO> and reuse the sorbent. Captured carbon can then
undergo long term storage or utilisation in industrial processes like synthetic fuels. DAC has
been successfully deployed by companies like Climeworks and Carbon Engineering.
However, the process is very energy intensive?®, requiring up to 2 MWh per ton of captured
COz. This brings the cost to about $600 to capture one ton of CO», which is a barrier to
extensive deployment — but as atmospheric concentrations of CO» increase, the process of
DAC gets more efficient. In comparison, it only costs about $40 to $60 in burned coal or
natural gas to emit one ton of CO» — illustrating the economic difficulty of offsetting current
carbon emissions without first reducing them. A benefit in comparison with planting trees

as a carbon capture method, about 50 trees are required for similar capacity as one DAC

' Carbon Engineering | Direct Air Capture of CO2 | Home, 2023.

2HERZOG, Direct Air Capture, 2022.

3MAZZOTTI et al., Direct air capture of CO2 with chemicals: optimization of a two-loop hydroxide carbonate
system using a countercurrent air-liquid contactor: optimization of a two-loop hydroxide carbonate system
using a countercurrent air-liquid contactor, 2013.
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plant (roughly 1 ton per year). The land area taken up by deploying DAC is also dramatically

smaller than the land area needed to plant trees of equivalent CO; capture capacity.

In Revenant Earth 2, DAC is a moderately expensive, energy-intensive technology
available to the player to build as a complementary addition to plants early in the game,
quickly reducing the worst of the initial levels of CO, before they can be stabilised using
other methods. Players need to build accompanying renewable energy infrastructure such as
wind turbines and solar panels to power DAC, and their in-game material cost means that
only a small number of units are available in the first stages of gameplay. Further use of
DAC is an optional approach for players who may be more interested in experimenting with
technological solutions to climate change, rather than managing a growing forest. However,
it does not replace plants for purposes such as stabilising soil, moderating wind and

improving soil fertility.

Figure 15: Biomass pyrolysis plant. Photo by Beston Pyrolysis Plant'.

Biomass pyrolysis is the controlled thermal decomposition of biomass (such as harvested
wood, leaves etc.) without the presence of oxygen to prevent burning?. The resulting product
is called biochar, a form of charcoal that is very stable and can be stored indefinitely. This
process complements plants as a CO; capture method: after plants attain sufficient mass by
growing and absorbing atmospheric CO», they are harvested and processed rather than being

left to decompose or burn — which would release much of the CO» captured by the plant back

! Biomass Pyrolysis Plant - Sustainable Biochar Production, 2025.
2 AU - WILSON et al., Producing, Characterizing and Quantifying Biochar in the Woods Using Portable
Flame Cap Kilns, 2024.
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into the atmosphere. By processing them through pyrolysis, all of the plants’ carbon is
instead separated and outputted as biochar. The land cleared up by the harvested plants can

then be used for a new growing cycle, continuing to capture atmospheric carbon.

When added to soil, biochar can improve soil quality and fertility, giving it a double
use besides capturing carbon. This makes it a beneficial technique in agriculture and small-
scale farmers can utilise biochar kilns to produce biochar at low costs. Benefits include

increased water retention, erosion mitigation, and reduced methane emissions from soils'.

In Revenant Earth 2, the player can build biochar kilns or biomass pyrolysis reactors,
then harvest surrounding plants and process them while planting new ones to continue
sequestering CO». These technologies are energy- and cost-efficient and slightly improve
nearby soil quality, but require the player to have already sufficiently grown plants in the
area, making the method quite slow and more useful as a component of repeated, long-term
growth cycles. Unlike DAC, the direct benefit is relatively small, while the supportive role
is much more important. Use of biochar is optional in-game, but without it plant growth will
eventually reach a limit and as plants start to decompose or catch fire, their progress in

capturing carbon will be reversed.

Figure 16: BECCS plant in Stockholm, Sweden. Photo by Beccs Stockholm?.

Bioenergy with Carbon Capture and Storage (BECCS) is a related concept to biochar.
Similarly, it processes biomass, but unlike the previous method of pyrolysis, biomass is
burned with the presence of oxygen. This does not produce a stable compound like biochar,
but the volatile reaction of burning can be utilised for energy production. The combustion

process emits CO» in gas form, but the gas is captured and stored before it can escape into

' WANG a WANG, Preparation, modification and environmental application of biochar: A review, 2019.
2 WRETBORN, About Beccs Stockholm - Beccs Stockholm, 2025.
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the atmosphere, preventing emissions. A BECCS power plant converts the heat generated
from burning into clean electricity, potentially replacing the need for fossil fuel electricity
generation. BECCS is usually done on a much larger scale than biomass pyrolysis and does
not output any agriculturally valuable materials — however it has the same benefits of
processing grown plants instead of letting them decompose'. Resulting captured CO> is

compressed in gas form and stored underground.

In Revenant Earth 2, the utility of BECCS is limited — the player has initially very little
need for larger amounts of electric energy, therefore a full-scale BECCS power plant would
not fill a particular need — especially compared to small-scale biochar with agriculturally
useful outputs. The construction of an entire power plant is also out of scope of the game,
where player construction is generally limited to deploying compact, pre-packaged
technologies. However, a theoretical smaller-scale, portable BECCS power plant could

provide interesting utility as a power source for a DAC device.

Many more technologies exist and continue to be developed in the field of carbon
capture, but the three prominent ones featured above constitute a solid foundation for
presenting such technologies in-game, while fitting into the gameplay patterns in Revenant
Earth 2. Potential future development of the game could consider carbon capture
technologies such as ocean alkalinity enhancement, the Fischer-Tropsch process or

mineralisation.

2.5.4 Weather manipulation

Besides contemporary, commercially deployed technologies for managing climate change,
there are more ambitious projects that could directly influence weather patterns at large
scale, with potential benefits of great magnitude for targeted ecosystems. Some have been
deployed at smaller scale already, while some are in the realm of theory?. In the sci-fi near
future setting of Revenant Earth 2, these technologies are made available to the player, who
can experiment with their use and consequences. Weather manipulation technologies,
despite having specific stated benefits, can also carry drawbacks and unintended
consequences. Both these aspects and the in-game value of some technologies is described

in this section.

! GOUGH a UPHAM, Biomass energy with carbon capture and storage (BECCS or Bio-CCS), 2011.
2 COUNCIL et al., Critical issues in weather modification research, 2004.
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Figure 17: Hygroscopic salt flares released below a cloud during a routine cloud-seeding
mission on January 31, 2024 in Al Ain, United Arab Emirates. Photo by Andrea DiCenzo
at Getty Images through NBC 6 South Florida'.

Cloud seeding is the process of dispersing small particles with specific properties in the
atmosphere above a specified area, with the goal of inducing cloud formation and subsequent
rain or snow. The particles act as condensation nuclei, points around which water vapour
already present in the atmosphere can start condensing, creating a basis for clouds that can
then continue growing by natural condensation. The particles usually utilised are silver
iodide (Agl), potassium iodide (KI) or salt (NaCl). The effectiveness of cloud seeding is
unclear according to current research?, with some research suggesting the effect is negligible
or none, while others claim it can increase precipitation by up to 15%°. Nevertheless, it is
commonly practiced at small scales today, with the goal of either inducing desirable rain or
preventing undesirable rain at a later point in time. Aesthetically, it presents an interesting
concept for a fictional setting, with hypothetical future technology bringing its effectiveness
above negligible levels. A point of concern for both the current and the hypothetical future
implementation is that the particles used for cloud seeding could act as pollutants, especially

if used repeatedly over the same area.

In game, cloud seeding is available to the player as an early technology when weather
patterns are still unstable, as a possible source of water for the initial plant colonies and a
way to trigger early rain to avoid disastrous floods later on. However, every use of cloud

seeding in Revenant Earth 2 also increases the air pollution, potentially harming the very

!'SETH BORENSTEIN, Did cloud seeding lead to unprecedented floods in Dubai?, 2024.

2 Cloud Seeding Technology: Assessing Effectiveness and Other Challenges: Assessing Effectiveness and Other
Challenges, 2025.

3 JANET PELLEY, Firm footing for cloud seeding, 2022.
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plants the rain is supposed to support. While the effectiveness is brought up from current
disputed levels, it is up to the player to weigh the utility of this speculative technology against

its costs and drawbacks.

Figure 18: An illustration of stratospheric aerosol injection being deployed, and its
simplified effects. Graphic by Hughhunt at Wikimedia Commons'.

Stratospheric aerosol injection (SAI) is a hypothetical climate engineering technique
related to cloud seeding, although with a different aim. It consists of releasing aerosols such
as sulphur dioxide (SO2) or hydrogen sulphide (H>S) into the stratosphere (the second lowest
layer of the atmosphere, about 10-50 km above ground), forming bright mist and fog that
increase the Earth's albedo, thus reflecting more sunlight into space resulting in a cooling
effect on the surface below. SAI can be compared to the natural process of large volcanic
eruptions, which cover large areas of the atmosphere in dust and aerosols, temporarily
cooling the planet by up to 0.5°C in historic cases. It can provide a fast and relatively cost-
effective way to lower global temperatures, mitigating the global warming symptom of
climate change?. However, SAI does not contribute to alleviating the root causes of global

warming, nor does it counteract or remove greenhouse gases from the atmosphere in any

! HUGHHUNT, SPICE SRM overview.jpg - Wikimedia Commons, 2011.
2 HALSTEAD, Stratospheric aerosol injection research and existential risk, 2018.
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way'!. Therefore, it is not a sustainable method to combating climate change, rather a
potential temporary measure to be complemented by a more robust climate restoration
strategy. There are also concerns about side effects of disrupting global weather patterns and

introducing new air pollutants — potentially harming ecosystems in unpredictable ways?.

In Revenant Earth 2, stratospheric aerosol injection is a technology available to the
player as a temporary ability, rapidly reducing the temperature in the game world for a time.
This can be useful during extreme weather events, or to protect early plants from excessive
heat. Similarly to cloud seeding, every use of SAI also has negative consequences, which
the game models as increased air pollution and reduced effectiveness of photosynthesis and

solar panels due to less available sunlight.

In summary, weather manipulation technologies in Revenant Earth 2 present a way to
experiment with unusual, hypothetical scenarios and technologies, and provide the player
with engaging ways to directly affect the environment at a large scale. The instability and
scientific uncertainty of these techniques is also reflected with drawbacks, ensuring that they

do not become trivial “silver bullet” solutions to in-game climate challenges.

'"HULME, Climate change: Climate engineering through stratospheric aerosol injection: Climate engineering
through stratospheric aerosol injection, 2012.

2 HUYNH a MCNEILL, The potential environmental and climate impacts of stratospheric aerosol injection:
a review: a review, 2024.
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3 RESEARCH ON RELEVANT CURRENT GAMES

This chapter overviews a selection of currently published games that relate to the concept
Revenant Earth 2, either by sharing the genre, thematic and topic of climate change, or by
being prominent artistic inspirations in innovative pixel art. Significant research on related
works has already been done in 2023 during my bachelor thesis for the previous iteration of
Revenant Earth. Due to many of those findings still being current and relevant in 2025, this
chapter seeks to avoid redundancy and serves mostly as a briefer update on any newly

developed works with this subject matter, or findings that were previously omitted or missed.
3.1 Games depicting climate restoration or climate themes

3.1.1 TerraNil

(Free Lives, 2023)
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Figure 19: Gameplay of Terra Nil (2023)

Terra Nil is one of the most prominent video games with ecological themes currently on the
market. It is a strategy game where players are tasked with restoring ecosystems from barren
wastelands using buildings placed on tiles. It features management of water, soil, energy,
plants and animal life. An interesting aspect of its gameplay is that the player must carefully
deconstruct and recycle their buildings after completing a level, thus encouraging

responsible climate management with a minimal footprint.
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Restoration Progress
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Figure 20: The newly updated world map in Terra Nil (2023)

While Terra Nil was already mentioned in the bachelor thesis for the first iteration of
Revenant Earth, and served as inspiration for the demo, it remains one of the leading
examples of modern climate games and continues to be updated by its developers. A major
update, titled Vita Nova', was released in June 2024, introducing a deeper system of
interactions with animals, animal migration mechanics, and a new world map displaying

overall game progress and available levels.

The 3D game map of Terra Nil: Vita Nova is of particular interest to me while
developing Revenant Earth 2. It takes the form of a planetary globe, divided into regions
that represent the individual game levels available to play. It combines multiple layers of
information into one view: level selection, restoration progress and ecosystem info for each
level, and a combined overall metric of game completion titled “Restoration progress”. As
players restore ecosystems in each region, they can see their progress visually reflected on
the planet view, gradually getting greener and more colourful instead of the initial
desaturated brown colour. I considered a similar approach for Revenant Earth 2 for a future

scenario where the game contains multiple playable regions set on a fictionalised Earth map.

! Terra Nil - § THE TERRA NIL VITA NOVA UPDATE IS HERE! & - Steam News, 2024.
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3.1.2 Plan B: Terraform

(Gaddy Games, 2023)

Figure 21: The planetary view in Plan B: Terraform (2023)

Plan B: Terraform is a large-scale resource management strategy game focused on the
concept of terraforming. It presents a scenario where humanity is facing a climate
catastrophe on Earth but takes the approach of relocating to another planet instead of trying
to salvage Earth. The player is tasked with terraforming and adapting this new planet to
better suit human settlement, transforming it from an arid planet resembling Mars to a living
world with greenery, water and a functioning ecosystem. While it has strong climate
engineering themes, the environment of a new, uninhabited planet means that many of the
approaches depicted are dramatically different from those applicable to Earth. For example,
while climate management techniques on Earth focus on reducing greenhouse gas emissions
and cooling the planet down, Plan B: Terraform instead has the player increase greenhouse
gas emissions to warm up the exoplanet’s cold atmosphere. The game simulates temperature,
weather, river flow and ocean formation, vegetation, as well as a growing human population

living on the planet while it’s being terraformed.

Despite the difference to Earth in depicted goals and techniques, the game still places
emphasis on environmentalism and responsible development, and models environmental

changes using the same scientific basis that applies to Earth.
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Figure 22: The detailed view in Plan B: Terraform (2023)

An aspect of this game that was particularly interesting to me during development of
Revenant Earth 2 is depicting large-scale climate engineering efforts and their consequences
on an entire planet. Even though a technology may not be directly applicable or beneficial
to real-world Earth, it is still interesting to experiment with and can provide players with
insight into real-world climate principles. The game’s tiered approach to the climate
engineering process, which slowly introduces new mechanics and complexities, was also an

inspiration for the game progression of Revenant Earth 2.

3.1.3 SAI Simulator
(Irvin et al., 2024)

Apart from entertainment-focused video games, climate themes are also often depicted
in serious games, simulators, or tools that do not belong in the category of games. One such
example is SAI Simulator, a climate modelling tool with slight game elements, developed by
Irving et al'. and the Reflective organisation. It focuses on deep simulation of scenarios
relating to the deployment of stratospheric aerosol injection (SAI, detailed in section 2.5.4
above) and its consequences on the planet®. The user interaction is very simple, consisting
of a set of sliders and choice selectors such as target cooling and global geopolitical

conditions where the user can input a SAI deployment strategy to be simulated. The tool

VIRVIN, Stanfordmligroup/planet-parasol-demo: Initial release: Initial release, 2024.
2 REFLECTIVE, Simulating the impacts of SAI deployment — Reflective, 2024.
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then processes the data in real-time, displaying both a global temperature map and a
predicted graph of yearly average temperatures and water statistics. The tool models
individual regions and calculates grid-based results for the entire planet. Users can compare
the simulated scenario with SAI deployment with a predicted baseline scenario where SAI

is not deployed.

P Plonet Parasel ) Reflective Impacts of SAl deployment

Porson-Days Per Year Abave 10mm/day Glabai Moan Rain Exp. Over Time

Figure 23: SAI Simulator (2024) interface

Tools such as this, while not games, can serve an educational or entertainment purpose for
curious users who can use them to experiment with hypothetical scenarios or imagine the

results of policies they would like to see implemented.

In the development of Revenant Earth 2, 1 attempted to incorporate detailed simulation
inspired by tools like this, but in a real-time game setting where players do not input values

using sliders but influence them using game mechanics.
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3.2 Artistic inspiration

3.2.1 Replaced

(Sad Cat Studios, TBA — upcoming)

Figure 24: A promotional screenshot from Replaced (TBA).

Replaced (also stylised as REPLACED) is an unreleased cyberpunk sci-fi action platformer
with an innovative approach to pixel art. The game features “2.5D” graphics where hand-
drawn pixel art sprites are placed in a 3D environment with advanced lighting effects,
reflections and camera animations. The game is still in development and has released
gameplay trailers and screenshots to the public, showcasing the world and art style. The
developers describe the game’s art direction as “cinematic” — scene composition, lighting,
colour, movement and camera placement are all very controlled and designed to evoke the

aesthetics of a film production rather than a conventional game.

The dynamic lighting and colour direction in particular stand out to me as inspiring
elements: the developers seem to prioritise them over the clarity and readability of a scene,
which appears to tie into gameplay design that doesn’t demand clear vision of a scene to
move around and play the game efficiently — perhaps by reducing available movement
directions to left and right and limiting player interactions during particular scenes intended

more as a visual artwork than a playable challenge.
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For Revenant Earth 2, 1 considered adopting similar rendering technology to allow 2.5D
scenes and significantly more control over lights and camera motion. This was later
reconsidered due to time and technical constraints and would be more appropriate for a work
solely focused on experimenting with visual style in pixel art games. Nevertheless, Replaced
remains a strong visual inspiration for Revenant Earth 2, and some of my game’s natural

backgrounds and lighting effects are inspired by the strong art direction of Replaced.

Figure 25: A screenshot from the trailer for Replaced (TBA).

3.2.2 The Last Night

(Odd Tales, TBA —upcoming)

Figure 26: A promotional screenshot from The Last Night (TBA)

The Last Night is an unreleased pixel art platformer game with a visual style similar to that

of Replaced. 1t has also been described as “cinematic” and makes heavy use of 2.5D
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rendering technology, dynamic lighting and camera work combined with hand-painted
pixel art sprites in a cyberpunk setting. It takes direct inspiration from films like Blade
Runner and has dark, atmospheric art direction. The game has been announced in 2014 and
is still in development, having gone through significant visual style evolution during that

time.

Similarly to Replaced, this game serves as an inspiration in how much pixel art can be

combined with novel and cinematic rendering techniques.

3.2.3 Castn Chill

(Wombat Brawler, 2025 — upcoming)

Figure 27: A lake scene in Cast n Chill (2025)

Cast n Chill is a relaxing fishing game where players can choose from a variety of fishing
locations and catch fish through low-intensity gameplay, with an optional that automates the
fishing process entirely — allowing the game to focus on well-developed aesthetics that
casual players can enjoy. The game is notable for its atmospheric depiction of nature and

water surfaces, and its emphasis of visuals over gameplay.

For my work, I took inspiration from this game especially in its detailed natural scenes
and its approach to merging a visually deep “above water” view with a flattened, gameplay-
oriented “underwater” view with a prominent water line as separation between the two
perspectives. A similar approach is used in Revenant Earth 2 for merging the game’s

landscape views with the cutaway underground layer that displays soil properties.
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3.2.4 Signalis

(rose-engine, 2022)

Figure 28: Gameplay of Signalis (2022)

Signalis (also stylised as SIGNALIS) is a sci-fi survival horror video game inspired by retro
PlayStation 1 visuals combined with high-fidelity pixel art. Players take the role of a
“biosynthetic clone” called a Replika and explore 2.5D isometric levels themed around

abandoned facilities divided into individual screens with static camera placement'.

The game features cinematic cut-scenes, which utilise a combination of fully 3D
graphics and 2D animation, often based on strong typography used as a main visual element.
Themes of identity, culture and totalitarianism influenced stylistic choices, reflecting on the
prominent red-black colour palette and on the typography, which often blends typeface
characters from English, Chinese and German in a single composition.
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Figure 29: A cut-scene showcasing the graphical Ul style of Signalis (2022)

! SIGNALIS on Steam, 2025.
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During gameplay, characters are animated and rendered in low resolution 3D graphics
stylised as pixel art, and composited into scenes consisting of 2D textures with static pixel
art. The game has a technically interesting lighting system that interacts with both the 2D
scenes and the 3D characters, including shadows cast from one onto the other. Apart from
the standard top-down 2.5D horror gameplay, the game also features occasional first-person
3D interactive sequences, which serve as puzzles or tie into cut-scenes as a storytelling

element.

The user interface and graphic design of Signalis is rendered in pixel art, utilising the
aforementioned red colour and multilingual typography as some of its main elements. Within
the user interface, there are commonly present decorative elements resembling graphs, charts
and console readouts, adding detail to UI screens beyond the information necessary for

gameplay.

Figure 30: The main menu screen of Signalis (2022)

For my own work on Revenant Earth 2, this game is an inspiration especially for its seamless
blending of 2D and 3D, transitioning between different camera modes during gameplay, and
the graphic design of the user interface. Some elements of Revenant Earth 2°s in game HUD

are inspired by the flat colour boxes and decorative graphical elements seen in Signalis.
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4 DEVELOPMENT PROCESS

This chapter describes the design and development of the practical part of this thesis — the
video game Revenant Earth 2. It is a side-scrolling pixel art adventure game following the
climate restoration of Earth after an ecological catastrophe. Real-world research and
relevancy to current climate challenges were key factors in designing the game, as well as
aiming to improve on many aspects of the original demo version from 2023, based on player

feedback and own elaboration.

4.1 Initial concepts

The first ideas and visions for the game were strongly formed by artistic inspiration listed in
section 3.2 above, with the ideas then being based around a graphical overhaul of the demo,
while game mechanics were not a major focus. Graphics would be remade closer to 2.5D or
3D rendering, and features like volumetrics and advanced lighting would be implemented.
After initial testing and feedback analysis, I concluded that the planned graphical
improvements would require more development time than appropriate, to the detriment of

the rest of the project.

After this conclusion, the focus of Revenant Earth 2’s development became game
mechanics, accuracy, a potential educational aspect, and simulation depth — all interesting

parts of the original demo that could be significantly improved upon.

Figure 31: An early concept of Revenant Earth 2, rendered in the software Blender
(own elaboration)
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4.2 Game design

With the new development goals, a core focus of Revenant Earth 2 has been well-planned,
systematic game design centred around climate research results, environmental simulation
and interaction with the player. Game mechanics evolved from the demo version’s linear
progression system of a single metric (pollution) controlled by a single interaction (planting
trees) into a non-linear system, where variables influence each other more complexly and the

player has a wider array of tools to affect those variables.

4.2.1 Cause-effect model

According to this philosophy, the main loop was redesigned around the principle of cause
and effect. This is a common methodology used in scientific research to describe, for
instance, the behaviour and changes of complex ecosystems. Figure 32 below illustrates an

example of a cause-effect diagram used as an ecosystem model for the Aral Sea.
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Figure 32: Cause-effect model of ecosystem dynamics for the Aral Sea by Keith et al.! A
similar model was designed to document the the game flow of Revenant Earth 2.

In cause-effect diagram like this one, different factors are interlinked with arrows signifying
positive or negative influences. Note that a “positive” influence means an increase or
intensification in the affected factor, and not necessarily a positive or desirable outcome from

an overall ecological perspective.

U KEITH et al., Scientific foundations for an IUCN Red List of Ecosystems, 2013.
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In Revenant Earth 2, cause and effect simulation happens on the scope of several layers:
Air (atmospheric properties), Soil (terrain and ground properties), Weather (temporary
environmental events), Plants (generally any living part of the ecosystem), and Technology
(non-natural effectors built by the player or present on the map). Properties or elements
within the same layer often interact with other layers in similar ways: For example, air
properties generally do not influence soil properties directly but affect them by causing
weather events. According to this scheme, I developed a cause-effect model (Figure 33

below) to serve as the core of the game design of Revenant Earth 2.

TECHNOLOGY Solar power Carbon capture Factories SAl  Wind power
N
AIR Air Pollution co2| ——— Temperature
| B !
WEATHER Acid rain = Stable rain Dust storms

| i | .
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+ +
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SOIL Soil Toxicity Soil Fertility Soil Maisture | +— | Soil Erosion
WA +1 -1
TECHNOLOGY Fertilisers Irrigation Biochar

Figure 33: The cause-effect model documenting the different game elements in Revenant
Earth 2 and their interactions. (own elaboration)

Many of the technologies described in chapter 2.5 can be seen here as game elements that
the player can directly control. Those in turn affect weather, air and soil properties that the
player has no direct control of. Plants serve as the central element connecting the various
layers and serve as a key indicator of game progression. They are directly managed by the
player but grow and react to the environment on their own, eventually dying or reaching

maturity and spreading seeds without the player’s involvement.

There are smaller closed-off feedback loops within the game flow of Revenant Earth 2,
such as the cycle of plants — CO; — temperature — dust storms — soil erosion — soil moisture
— plants. This is an example of a positive feedback loop — where the outcome of an action
(plant growth reducing CO») intensifies the original action (better conditions for more plant

growth). There are also negative feedback loops — where the outcome slows down or reverses
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the original cause. An example within the game is wind turbine power output decreasing as
temperature drops and weather patterns stabilise, thus reducing the available power for
carbon capture technologies and slowing down further temperature reduction. Positive
feedback loops are appropriate for core game mechanics as they give feelings of progress,
while negative feedback loops are appropriate for secondary mechanics and stimulate

innovation and finding different approaches.

4.2.2 Environmental simulation

The relations between player actions and their effects on the ecosystem are governed by an
environmental simulation system. This tracks all the various properties of soil and
atmosphere and updates them over time to match the current state of the game. The
simulation system also tracks and creates weather events such as rain and storms, making

sure they reflect atmospheric properties.

Figure 34: An in-game inspection view showcasing soil erosion values in the simulation.
(own elaboration)

The player is equipped with tools to analyse the changes in the simulation over time, such
as charts and graphs. Certain variables within the simulation are also tracked as “progress

variables”, which means improving them yields game score and advances progress tiers.
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Figure 35: Environmental variables tracked in-game (own elaboration)
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Below is an overview of the properties being tracked and their effect on the game:

- Atmospheric COz: is a key value and the main cause of climate change. It has a

profound effect on temperature. It is tracked globally for the whole region.

- Atmospheric temperature is calculated from CO> over time and is the most
important value for weather simulation. High temperatures cause unstable weather,
droughts, soil erosion and other undesirable effects. Reducing atmospheric
temperature is one of the ultimate goals of the game. It is tracked globally for the

whole region.

- Atmospheric pollution represents both toxic pollutants and large dust particles. It
has the most effect on the visual appearance of the environment. High pollution
causes acidic rains, directly harms the player, and obscures visibility, which lowers
solar panel efficiency. It is caused by existing sources at the start of the game and

removed using plants or filters. It is tracked locally for every coordinate in the game.

- Soil erosion represents how capable the soil is of holding water, nutrients and its
own mass. It is caused by high temperatures that dry and crack the soil and
intensified by weather conditions such as dust storms. Plant roots very efficiently

reduce erosion in the soil they are growing in. It is tracked locally per terrain point.

- Soil moisture is the presence of water held in the soil, which fluctuates a lot over
time. It is increased by rain or irrigation and decreased as plants use the water or as
it evaporates. If a soil has high erosion, it cannot hold water and the water will
quickly evaporate. Without moisture, plants will struggle to grow and eventually

die. It is tracked locally per terrain point.

- Soil fertility is the presence of nutrients that plants need in the soil. It is necessary
for the stable and quick growth of plants, but already grown plants require only
minimal fertility to survive. It is consumed by plants, but some plants like nitrogen
fixers can also increase it. High erosion causes nutrients to wash away. It is tracked

locally per terrain point.

- Soil toxicity represents harmful pollutants in the soil. Plants regardless of growth
stage get damaged by soil toxicity, but some plants known as phytoremediators can
absorb soil pollutants and store them within cells, slowly clearing up toxicity.
Toxicity can also increase due to acid rains and pollutant spills. It is tracked locally

per terrain point.
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4.2.3 Progression system

Revenant Earth 2 is divided into rough progression tiers and milestones, which help separate
the game’s complex and transformative process of climate restoration into smaller, more
easily understandable goals — which helps both during the game’s design process and during
gameplay. Within each progression tier, the player has a given set of goals and tools to
approach them, which get progressively more complex as the ecosystem builds up.

Mechanics are thus slowly introduced, and old mechanics phased out to avoid repetition.

This section lists the progression tiers within Revenant Earth 2. Each has an

accompanying illustration portraying the key environmental changes in that stage.

Figure 36: Tier 1 illustration (own elaboration)
Tier 1: introduction, exploration and survival

The player is dispatched from their base in orbit and lands on the deserted surface of
planet Earth. There are minimal signs of life and the air is so polluted that the player character
needs protective gear and periodic breathing air resupply. There is also dangerous harsh
weather due to the high temperatures disrupting weather patterns. The player can scan the
environment and see that while most properties remain static, there is a source of air pollution
and CO; somewhere in the region and is given the task to find it. This one of the autonomous
factories that represent obsolete industry that the player needs to disable in order to stabilise

the environment and start improving it.

The other task of this tier is to find appropriate locations for pioneer species of plants —
spots that have lower soil erosion or higher fertility than the rest. While the player receives
basic plant seeds from their base in space, there are also salvageable containers that contain

seeds of unique plant species.

Milestones in this tier: First day survived, Successfully disabled a pollution source
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Figure 37: Tier 2 illustration (own elaboration)

Tier 2: pioneer species, soil stabilisation, temperature reduction

Once a suitable spot is found, the player can select from their available seeds the species
that fits the location the most. Appropriate species for this phase include mosses, lichens and
certain types of grass. These have minimal requirements to survive and their main purpose
is to slowly reduce soil erosion for future planting cycles. To support these pioneer species,
the player can start deploying fast-acting technologies such as SAI to temporarily reduce
temperature or fertilisers that temporarily improve soil fertility, although inefficiently as the
eroded soil cannot hold nutrients well. After soil has been sufficiently stabilised, the player

can move on to the next tier.

Milestones in this tier: First seed planted, First plant reached maturity, Successfully

improved soil quality

Figure 38: Tier 3 illustration (own elaboration)

Tier 3: biochar, fertilisation, carbon capture

After succeeding with the first cycle of plants and proving their viability, the player is
rewarded with new technologies sent from the space base: a biochar kiln and a DAC unit.
The first generation of plants can now be harvested and processed into biochar, ensuring that

their captured carbon gets stored in the soil, further decreasing erosion and improving
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fertility. Later on, the player can also choose not to use biochar and instead let the plants
decompose, which increases soil fertility more but releases most of the plants’ captured CO>
back into the atmosphere. At the start, however, composting is not available because there
is no established soil biota that would facilitate the decomposition process. The player can

either find biota samples in the world or order them from space in exchange for score.

More complex plants like shrubs can now be planted in the higher-quality soil,
capturing more CO» and stabilising soil even more. However, the player has to be careful
not to over-extend the water supply or soil nutrients, as these are still scarcely available at
this stage. Irrigation systems can be built to capture the irregular rain and distribute it to

plants over longer drought periods.

The air pollution also slowly starts to decrease at this stage, as pollutants settle on the
plants’ leaves or drain into soil through acid rains, where they get absorbed by

phytoremediator plants. The player can explore further thanks to this.

Milestones in this tier: First biochar cycle, First ton of CO» captured, First complex

plant

Figure 39: Tier 4 illustration (own elaboration)

Tier 4: species diversification, weather stabilisation, greenery expansion

After a few cycles of growth, biochar and carbon capture, the atmospheric CO; starts
to drop and temperatures lower slightly. The air is also significantly cleaner, improving the
health of both plants and the player. Thanks to this success, new shipments can be ordered
from the space base, containing new technologies, flowering species of plants, and pollinator
insects that can be bred to support the new plants. With these advancements, the area suitable
for greenery expands considerably and the player now manages a small self-sustaining

ecosystem.
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The main challenges in this stage are still-unstable weather patterns, hot temperatures,
and making sure that the expanding ecosystem is stable and doesn’t destabilise or lose

species diversity.

The player is encouraged to introduce new species of plants and insects, utilise cloud
seeding technology to stabilise weather and rainfall temporarily, and explore to find new

resources and seeds.

Milestones in this tier: First insect colony, First clean rainfall, First pollination

Figure 40: Tier 5 illustration (own elaboration)

Tier 4: reforestation, animal reintroduction, technology recycling

Once conditions are sufficiently improved and weather is more stable, the player can
introduce larger trees and begin reforestation at scale. Trees capture significant amounts of
COg, speeding up climate restoration. They also provide habitats for various animal species,
which can be reintroduced by cloning genetic data from planetary vaults or the space station.
With the reintroduction of complex ecosystems and expansion of green areas over most of
the playable region, atmospheric quality is improved and the climate gradually returns to a
natural state. This is the final tier of the game, after which the region is marked as completed
and the player is awarded a victory. The game implies that following this, sustainable human
settlement can start in the region, and other regions can be accessed to expand the restored

arcas.

Milestones in this tier: First tree, First large animal, Stabilised weather, Restored the

ecosystem
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4.2.4 Resources, score and currency

Since the gameplay of Revenant Earth 2 focuses on sustainability and ecology, resources
and scarcity need to play an important role in limiting the player. However, as explored in
the demo version, resource extraction or mining mechanics are counter-productive to the
idea of the game. There are a few options for resources that are both sustainable to create in-
game and fit the gameplay need of rewarding ecological progress. One option is that players
still acquire physical resources, but the extraction is limited to recycling waste and gathering
pollutants from the environment without disrupting the natural resources present. However,
this leads to a sustainability problem — once players run out of accessible waste to recycle,

they may start wanting to overexploit the other natural resources to advance quickly.

An alternative that avoids sustainability pitfalls is to completely replace the concept of
“physical resources” with a virtual currency or score that is awarded to the player for
completing desirable actions such as planting trees, cleaning pollution or exploring new
areas. This ensures that players don’t need to harvest any resources to progress and can be
immediately rewarded for every action up until the game’s end. This is similar to experience
(XP) systems common in role playing games. In Revenant Earth 2, this currency is called
RP or reputation points. Story-wise, it represents trust that the player has gained with project
supervisors aboard the space station. It serves both as the game’s currency and overall score.
As currency, it can be used for purchasing technology shipments from the space base, which
deducts RP from the player’s balance. As overall score, the total number of gained RP is
accumulated and isn’t deducted when the player purchases something. This accumulative
score is also used for determining the player’s rank, which is both a cosmetic achievement

and a tiered system of unlocking upgrades.

RANK

ADVANCED TERRAFORMER

7578 /15000 RP NEXT RANK: ELITE TERRAFORMER

Figure 41: In-game reputation points (RP) tracker (own elaboration)
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4.2.5 Inventory

Anything that the player purchases with RP or salvages while exploring the game world is
stored in the inventory. This includes plant seeds categorised by species, deployable
technology like DAC units, and player equipment like suit breathing tanks. Items can be
selected in the inventory to learn additional information, or (in the case of seeds and

deployable technology) directly summoned in the game world to activate placement.

Purchasing items for RP is done using a similar interface. After selecting items to buy,
RP is deducted but the item is not immediately added to inventory. Instead, an orbital drop
pod appears on the game map and the player needs to reach it to receive the contents. This
helps tie the virtual “shop” back into the game world and avoid a feeling of “magically”

creating items in the game.

INVENTORY

SEEDS TECHNOLOGY EQUIPMENT PLAYER
ADVANCED TERRAFORMER
NAME ¥ RARITY qry

iz & ey

8 EUROPEAN ALDER
Alnus glutinasa

EUROPEAN ALDER
Alnus glutinosa

Vi

Figure 42: The in-game inventory screen overview (own elaboration)

Items have detail cards that show additional information when inspected either in the
inventory screen, or in the game world. The amount of detail on these cards has been changed
multiple times during development, as well as the way numerical values are presented.

Figure 43 shows two iterations of detail cards with text-based and icon-based displays.
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EUROPEAN ALDER

Alnus glutinosa

GROWTHTIME  BIOMASS
32 DAYS 8 TONS

DROUGHT RESISTANCE
POLLUTION RESISTANCE
LOW FERTILITY RESITANCE

EROSION FIXING

TYPE
TREE

TECHNOLOGY

TREMBLING ASPEN
Populus tremuloides

SEA BUCKTHORN
Hippophae rhamnoides

EUROPEAN ALDER
Alnus glutinosa

VETIVER GRASS

EUROPEAN ALDER
Alnus glutinosa

GROWTHTIME  BIOMASS TYPE
32 DAYS B TONS TREE

RESISTANCES

‘) mem

44%

RARE

EQUIPMENT

RARITY aTty

12

8

38

Chrysopogon zizanioides

Figure 44: The in-game inventory screen interface displaying a selection of plant species
(own elaboration)
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4.3 Art

While developing Revenant Earth 2, the focus was primarily on research and gameplay
design as explained in section 4.1. However, advancing the art and visual aspect of the game
remained a secondary focus and significant examination was conducted on updating the

visual presentation. The main topics of focus in this area were:
- The environment, terrain and sky
- The player character and its animations
- The graphic design of the game including user interface

This section outlines the three topics, the associated creative processes and the final results

applied to the game.

4.3.1 Environment

The main inspirations for experiments on improving environmental graphics were the game
concepts of Replaced (TBA) and The Last Night (TBA), as described in section 3.2. Their
2.5D environments rendered using 3D technology and complex lighting combined with pixel
art are possibly some of the most visually interesting developments in the pixel art style in

recent years.

I experimented with implementing a similar 3D rendered approach for the natural
scenes and uneven terrain of Revenant Earth — making the approach additionally complex.
The main benefits of 3D terrain would be artistically expressive scenes, immersion in the
game setting, and greater freedom in showcasing the significant environmental changes
occurring during the gameplay. A drawback I had to consider was that a 3D terrain surface
would extend downwards due to perspective, covering up the cut-away underground view
that is relevant for gameplay information. A potential solution could be to make the 3D effect

toggleable or hide it around the mouse cursor when inspecting terrain properties.

An additional technical constraint was that the demo of Revenant Earth is originally
developed in Pixi.js, an exclusively 2D rendering framework with no support for 3D surfaces
or perspective rendering. Therefore, some experiments were conducted in the software

Blender, and in the real-time 3D rendering library Three.js.
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Figure 46: An experiment in implementing 3D terrain into Revenant Earth
(own elaboration)

Figure 47: A concept of “brush stroke”-based 3D surfaces in Revenant Earth, hand-drawn
over original game footage. (own elaboration)
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As can be seen from Figure 45 and Figure 46, experiments with 3D terrain mainly consisted
of extruding the 2D shape of the terrain towards the camera, creating an illusion of depth or
a surface leading towards the 2D plane where gameplay happens. On Figure 47, an
alternative approach was tried where the illusion of depth would be provided by individual
objects or “brush strokes”, dynamically rendered in 3D space on points approximating the
extruded terrain surface. This would have the benefit of keeping a similar hand-drawn pixel

art aesthetic as is present in the rest of the game.

After significant experimentation, I decided to avoid 3D terrain altogether. The main
reasons were increased artistic and development complexity, obscuring useful game
information, and the 3D terrain not fitting well into the game’s art style. It is possible that an
alternative 3D style could be developed to alleviate those issues, but the required resources

do not fall into the scope of this thesis.

Instead, terrain was revised in a less dramatic way — in Revenant Earth 2, it is now
internally represented by vertices instead of pixels, creating a continuous surface instead of
a volume of pixels. This allows for displaying a smooth ground texture with a slight 3D

illusion that does not depend on simply copying and extruding terrain pixels.

Figure 48: The final version of the terrain in Revenant Earth 2 (own elaboration)

The switch to vertex-based terrain representation also allows for rendering artificial spaces
and interiors much easier. A scene loading system allows the player to visit different

environments and switch between interiors and exteriors easily.
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Figure 49: An interior environment made possible using the new vertex surfaces
(own elaboration)

Thanks to the new rendering method, terrain graphics can now more accurately represent
properties like moisture, erosion, fertility and pollution. The portion of the terrain close to
the surface has a procedurally generated texture that dynamically changes according to the
properties. With increasing moisture, a pattern of darker soil expands from the surface
downwards, eventually covering the whole visible area. With increasing fertility, the soil
gets darker and more reddish. With increasing erosion, cracks appear in the soil and expand
to cover the surface. With increasing pollution, discoloured puddles cover increasing

portions of the surface.

Figure 50: The terrain surface texture as it changes water content during rain
(own elaboration)
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Another area that was significantly visually improved was the atmosphere and weather
rendering. Similarly to the terrain surface, the sky is rendered by a procedural shader that
processes parameters like cloudiness, sun position, air pollution and wind speed. Along with

the terrain improvements, this also serves a gameplay purpose in showing the player the

current state of the environment.

Figure 51: The sky shader during various stages of cloudiness (own elaboration)
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4.3.2 Player character

The player character in Revenant Earth 2 underwent a style update to reflect the slightly
cleaner, more high-resolution aesthetic of the game. A significant point of improvement
were the character animations, which went through several iterations and style experiments

before the final version.

An initial idea for Revenant Earth 2 was to replace parts of the hand-drawn character
animation (most importantly the legs) with a custom procedural animation system based on
inverse kinematics (IK)! and UV mapping. This would allow the character to have accurate
animations on all angles and slopes of terrain, which can suffer visual disconnection when

using traditional frame animation.

Figure 52: Early iterations of the procedural animation system (own elaboration)

However, during development, the inverse kinematics system proved to be unstable and did
not produce natural looking results despite repeated adjustments. While the IK knee
calculation worked correctly, the foot positioning looked unnatural, especially during
animation. After these experiments, I decided to switch to traditional frame animation to
produce reliable results with more artistic control. An initial concern that the hand-drawn
animation would adjust badly to slopes and uneven terrain proved to have minimal impact
thanks to the changes in terrain structure earlier. The character was designed to be simple

enough to animate, but still clearly read as a stylised figure in a space suit.

! An algorithm to determine positions of upper limb joints (i.e. knee) from the end position of a limb (i.e. foot)
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Figure 53: The final idle and run animations for the player character (own elaboration)

4.3.3 Logo and graphic design

The initial demo of Revenant Earth had no comprehensive graphic design or visual identity,
and simple lettering was used in place of a logo. For Revenant Earth 2, 1 designed a logo
and an associated visual language to improve the game’s recognisability and the quality of

1ts user interfaces.

The logo is based on themes of verticality, space symbolism, and nature elements. Its
goal is to represent the sci-fi and ecological themes of the game, the story connecting space
and Earth, and combine a simple geometric design with a logotype. First iterations quickly
settled on the star symbol as a main visual element, and variations were explored on how to

combine it with the logotype and the other elements.

\d

REVENANT

EARTH

v
REVENANT

REVEMANT

E AR

Figure 54: Sketching board during the finalisation of logo ideas (own elaboration)
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Eventually, I created a design merging the text and graphics into one shape, adding
complexity to the otherwise simple geometry. There are still avenues for further
improvement of the logo, as the merge between typography and graphics is potentially

problematic in terms of readability. The font used is Chakra Petch.

Figure 55: Dark and light versions of the logo (own elaboration)

The interface design is derived from the logo and among its sources of inspiration is the
videogame Starfield (2023). It targets a clean, retro-futuristic space style, combined with
small scale typography used as a decorative element. The main colours employed are an
intense blue for highlights and a dark, desaturated blue for backgrounds. The entire interface
stands in contrast to the in-game world and scenes, which use mainly warm, saturated tones
of orange and brown, as well as the contrast between the interface’s high-resolution vector
design and the game world’s pixel art. This contrast is intentional, highlighting the

disconnect between humanity and Earth within the game’s story.
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Figure 56: An overview of the game’s Ul elements. (own elaboration)
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4.4 Technology

Apart from game design and visuals, Revenant Earth 2 also underwent technical
improvements from the demo version. The base technology the project runs on is still the
same: Web browser, the TypeScript language, the Pixi.js rendering library, and WebGL /
GLSL shaders. However, the structure of the project has changed considerably. To facilitate
loading, saving and scene design, all game elements are structured in a scene-entity-
component hierarchy. Scenes each contain a set entities and other objects, while entities
contain individual components. Components hold the actual data and code that adds graphics
and behaviour to the entity. During scene saving, this hierarchy is traversed from the bottom
up in order to serialise all components and entities into the JSON data format which can be

stored on disk and loaded at a later point.

SCENE ENTITY COMPONENT PROPERTY
Entity Transform data
Il el ol el
Entity BasicSprite Draw()
Scene

TerrainData PlantComponent texture

Figure 57: A schematic representation of the game’s scene-entity-component structure
(own elaboration)

This type of scene hierarchy is common in game engines such as Unity thanks to its
scalability and ease of loading/saving data. All pre-made scenes in the game, such as the
tutorial area aboard the space station or the interiors of abandoned factories, are stored in

JSON format in the same way the game is then saved to store the player’s progress.

Rendering is done using the Pixi.js library and WebGL technology. Many effects in the
game are rendered in real-time using shaders, such as terrain, clouds, lighting, atmosphere

and plants.
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) perspectiveTimelV(vec?2 float speed) {
y *= 2_+;
X S5F o+ (uvex - L5F) F (1. / (1.f - uv.y)) ¥ L2f;
.y ¥= uv.y * 3.f;
Y= b
.X += uTime * _1f * speed;
return uv;

d main() {

uResolution.y / uResolution.x;
uv.x f= rati
2 sunPosition = uSunPosition;
unPosition.x /= ratio;
originalUV = uv;
perspectiveTimeUV(originalUv, .2f);
noisel = fractalNoise(uv, 5, 2.f,.8*%(1.-originalUV.y*.
noise = noisel;
*= smoothstep(.5f, .45f, originalUV.y);
originalNoise = nois
noise = step(uClouds, noise);
noise 1.f - originalUV.y * 1.5f;
/ sky = vec3(.3f, .5f, .5f) pow(originalUV.y * 2_.f, 2.f) + vec3(.7f, .Af, .2f);
sun = 1.f - length(originallV - sunPosition);
sunShine = pow(smoothstep(.2f, .95f, sun), 2.
sunDisk = pow(smoothstep(.97f, .98f, sun), 2.f)
t totalSun = sunDisk * 2.f + sunShine * _5f;
totalSun -= noise * 1.f;
totalSun = clamp(totalSun, @.f, 2.f);
sky totalSun;
c3 cloudColor = Ovec3(.5f, .2f, .1f) + vec3(.3f, .1f) * (floor(smoothstep(.9f, .2f, originalNoise) * 3.f) /[ 3.f);
color = vec4(mix(sky, cloudColor, noise), 1.f);
color.rgb = PBRNeutralToneMapping(color.rgb);

Figure 58: A section of code from the shader for generating procedural clouds
(own elaboration)

id main() {
2 uv = vllV;
color = texture(uSampler, uv);
f t noise = fractalNoise(uv * 1.f, 4, 2_.f, .8f
at HFnoise = fractalNoise(uv * 1.f, 5, 2.f, .9f);
t baseMask = (2.f - uv.y * 3_f) * (noise + .2f);
baseMask = posterise(baseMask * 1.5f + .5f, 6);
f surfaceLight = step(uv.y * 8.f - .2f, HFnoise);
t wetness = posterise((1.f - uv.y) * noise * 1.f * vTerrainStats.x + vTerrainStats.x * .9f,
t fertility = step(uv.y, noise * vTerrainStats.y * 2_f);
baseColor = Cvec3(@.24f, 0.15f, 0.11f);
wetColor = Mlvec3(0.61f, ©.44F, @.41f);

fertColor = [vec3(@.22f, 8.1f, 0.05f);
t inspect = posterise(vTerrainInspect, 5);

inspectColor = normalize(vec3(1.f - inspect, inspect, @.1f)) * .8f;

3 mixedColor = baseColor;
mixedColor = mix edColor, fertColor, fertility);
mixedColor *= mix(vec3(1.f), wetColor, wetness);
mixedColor = mix(mixedColor, baseColor * 1.4f, surfacelight);
color = vecd(mixedColor, 1.f);
color.rgb = mix(color.rgb, inspectColor, float(uInspectMode));
baseMask = mix(baseMask, step(.5f, (1.f - uv.y) * .7f + HFnoise * .5f * clamp(.2f + inspect * _2f, @.f, 1.f)), float(ulnspectMode));
color *= baseMask;

Figure 59: A section of code from the shader for generating the terrain surface texture
(own elaboration)

All code written for Revenant Earth 2 is available on the project’s GitHub repository,

https://github.com/Mylapgn/revenant-earth-2.
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4.4.1 In-game editor

To help with development and with designing pre-made scenes, I developed a custom in-
game editor that interacts with entity-component data and can perform actions such as
controlling game speed, moving or duplicating entities, interactively editing collision
shapes, exporting and importing JSON data at runtime and inspecting various properties of

the scene.

Figure 60: The in-game editor, showcasing collision shape points and the world grid
(own elaboration)
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Figure 61: An interaction menu when selecting an entity in the in-game editor
(own elaboration)

The editor could be later improved and opened to the players, facilitating the creation of

user-made levels or creative editing of worlds.



TBU in Zlin, Faculty of Multimedia Communications 79

S5 RESULTS, FUTURE DEVELOPMENT AND RELEASE

While the core part of the development work on Revenant Earth 2 can be described as
completed as of the conclusion of this thesis, the game is far from complete. Real game
development intended for market release often takes multiple years of concentrated effort

and there is indeed a long path ahead if I intend to truly complete this project.

In this chapter, I outline some key points on this future development path, as well as
ideas and concepts that did not entirely make it into the initial development window but still

deserve thorough consideration in future work on this project.

5.1 Completing game content and additional features

The area perhaps the most impacted by the relatively short development time has been game
content. Revenant Earth 2 at this point contains only one playable region, consisting of a

single biome type (temperate forest).

There is space for significantly expanding on the story, introducing characters,
dialogues, and cut scenes. With the addition of multiple playable regions and diverse
biomes (such as tropical rainforest, marsh, tundra, etc.), the game would benefit from a

world map and an inter-region progression system similar to that of Terra Nil (2023).

An ambitious idea that has been present throughout the entire development process has
been the addition of multiplayer. There are multiple ways to effectively implement
multiplayer mechanics in a game like this, ranging from full synchronous interaction
between player characters in the same world, to very asynchronous mechanics — like a global
score of total captured CO, or total regions terraformed — shared between players by
uploading game statistics to a central server. Personally, I find the idea of asynchronous
multiplayer very interesting, with potential mechanics of players helping each other across

worlds — akin to some game mechanics in Death Stranding (2019).

5.2 Educational value

While developing Revenant Earth 2, I have conducted thorough research on environmental
mechanics in order to simulate climate change accurately and portray it without

misinformation or misconceptions.

This would naturally allow the project to work as an educational game. While there

already is great potential for educational content, thanks to the game containing real species
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of plants being used in plausible scenarios, as well as existing or experimental climate
technology, it could be leveraged with more intent. Partnering with an educational
institution or a science popularisation organisation could be the right steps to both ensuring
the information in the game is verifiably correct, but also helping it reach interested children

and students.

5.3 Promotion and release to market

One of the initial stated goals of the project was to conclude with developing a marketing
approach and explore viable strategies to prepare for releasing the game on an online store
like Steam or Itch.io. However, during work on the project, it became apparent that such a
release would require years of additional development, discouraging me from pursuing this

direction for now.

Despite that, an approach of low-intensity promotion on online social media or
devlogs could still be viable even in these early stages, especially in communities focused
on indie game development or ecologically themed games. I have mentioned the game in
casual conversations on the social network Reddit, with slight success as the game’s concept

captures players’ curiosity. A more deliberate promotional strategy could expand on this.

ey
r ‘n
L2l Mylapgn + Zmo ago
w |

That being said, thanks for posting this! | am currently developing a game about ecosystem restoration and |
wanna explore climate technology there - this seems like a great addition 3)

@ L X 5 (O Reply £3 Award &> Share
a gondelindownfaller OP - Zmo ago
v

holy moly that sounds very interesting, what will the game be called?

@ f 4 ‘{} O Reply Q Award &> Share

foa W
L) Mylapgn - 2mo ago
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Thank you! It's called Revenant Earth, | have a simple free demo out. It's nothing like this game
though, more of a sandbox adventure.

@ f 4 @ D Reply Q Award o> Share
& gondelindownfaller OPF - 2mo ago
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sounds very interesting i'll look into it!
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Figure 62: A conversation on the social network Reddit where the concept of Revenant
Earth seemed to receive interest (own elaboration)
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CONCLUSION

Attempting to develop Revenant Earth 2 as an early version of a full game, rather than an
intentionally limited demo as in the first iteration, has proven both extremely complex and
enriching. The game in its current state is a scaled-down vertical slice and contains only
slightly more content than the original 2023 demo — albeit with a much more solid technical

foundation and mechanical depth, enabling future development.

I can safely say that I have grossly underestimated the task of developing a full game —

resulting in delays, missing features and scaling back of plans.

Despite that, or perhaps thanks to it, the work has yielded invaluable experience; in working
towards such a complex project, designing game mechanics, managing time, and decision

making over the countless creative directions this project could have taken.

Of the key goals of this project, the most successfully achieved one has been the extensive
environmental research and the modelling of game mechanics according to it. Thanks to this
phase, the game design of Revenant Earth 2 could truly begin to reflect the real processes
driving climate change on our planet, helping both me and hopefully many future players of

the game understand and appreciate the environment in new ways.

Revenant Earth 2 is not a complete game, but a stepping stone towards finishing one — both

as a project, and as the experiences gained while developing it.

I would like to end with a quote from Jason Schreier, the author of the book Blood, Sweat

and Pixels:

“... Is it possible to develop a game without putting in endless hours?
Will there ever be a reliable formula for making games that allows for
more predictable schedules?

For many industry observers, the answers to those questions are: no, no,
and probably not.””!

! SCHREIER, Blood, sweat, and pixels: the triumphant, turbulent stories behind how video games are made,
[2017].
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LIST OF ABBREVIATIONS

CO, Carbon dioxide, a major greenhouse gas

DAC Direct air capture of carbon dioxide or pollutants from the air

SAI  Stratospheric aerosol injection, a technology aimed at lowering global temperatures
BECCS Bioenergy with Carbon Capture and Storage

XP  Experience points, a common game progression system

RP  Reputation points, the currency used in Revenant Earth 2

2D Two dimensions, a flat plane

3D  Three dimensions, a space or object with depth

2.5D Two and a half dimensions, a graphic style that combines 2D and 3D elements,
presents 2D elements that appear 3D, or 3D elements that appear 2D

JSON JavaScript Object Notation, a format useful for storing data readable by code
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