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Abstract

Current approaches to ecology are dominated by anthropocentric ways of thinking which separate the human 

experience from the “natural” world. This thesis opposes that philosophy and connects to theories of Dark 

Ecology to reconfigure the human connection to its larger ecosystem. Theories of climatic amplification suggest 

a future where energy systems become materials of architectural design, allowing architecture to change the 

nature in which it defines space. Mass data, in our ever more technological world, provides the leverage for 

informing unique climate situations. The built environment in this project furthers ecological awareness by way 

of its active role in its climatic environment.  

The thesis is tested within Waverley Station, in Edinburgh, Scotland. The project proposes creating a hyperloop 

terminal within the existing train station. The hyperloop system will connect Edinburgh to London while 

collecting user data. The project combines this information with local climate data to inform a responsive 

rooftop energy park. Latent energies from the existing rail station are collected, reconfigured, and redistributed 

to power the park through various thermodynamic microclimates. The synthetic roof landscape shifts the 

ecology between humans and climate from one of control to one of kinetic dialogue. 
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Process Analysis

This project was born out of the questioning “how might ecological awareness be created in an urban 

architecture?” This line of questioning started in the summer of 2020 while reading Timothy Morton’s 

Hyperobjects: Philosophy and Ecology after the End of the World and Dark Ecology: For a Logic of Future 

Coexistence. While neither book is specifically architectural, they contain novel ways of seeing our current 

reality and how to imagine new ones. The books spurred my interest in the theoretical line between humanity 

and the natural world constructed by society. The built environment acts almost like a child in reality, ignorant 

to so many complex processes occurring within its surrounding ecosystem. It is this constant unawareness and 

disconnect within the urban condition that turned an interest into a problem I wanted to begin to solve. 

Once I had a more developed foundation of research, the explorative design process began. This architectural 

process was different than any I have done before. It began with figural studies in which I digitally sketched 

atmospheric conditions in which human figures were placed. This proved to be instrumental to the design as it 

helped to develop the project on a conceptual and aesthetic level. Indeed the culmination of the figural studies 

was a drawing depicting different types of thermal exchange (page 28-29). The three types of thermal exchange 

within the built environment are conduction, convection, and radiation. Conduction occurs only through direct 

contact between objects. Convection is the exchange of heat through a fluid or gas. This thermal exchange 

can occur in tubes containing liquid in order to distribute heat efficiently through a building. It can also occur 

through contact with a liquid such as water. Additionally, all buildings have convection currents, which define 

ways in which gas molecules containing heat move through the physical environment. Finally, radiation is the 

transfer of heat through electromagnetic waves. This transfer of heat is constantly occurring for all objects. The 

sun, for example, heats our planet through radiation. At the figural scale, this analysis reveals the thermal energy 

all humans radiate. This analysis shifts humans from being simply receptors of their thermal environment to 

active players. In our own way, we heat our surrounding environment. This drawing is integral to the thesis as 

it establishes energy exchange through heat as a graphic process, one which can be documented in architectural 

drawings. This draws out thermodynamics from the invisible realm of electromagnetic waves to the realm of 

the drawing. Even further, the establishment of these graphic standards furthers the thesis as a commentary on 

architectural representation. It is an argument for the representation of energy as part of design communication. 

One of the main revelations that came about through the design process was what architecture was under these 
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new parameters that I was defining. The thesis itself largely plays out on the roof plan of the project. The roof 

plan is designed as an energy park, a public space which provides varying microclimates across a synthetic 

landscape. The roof plan was developed through a series of planning diagrams. The process started with a 

spatial grid of 10’ x 10’ squares. Next, locations are chosen for where excess energy from the existing station 

will be redistributed to the roof through large thermal objects. This action creates energy outlets. The result 

is a flow field of energy, as the heat from the thermal release expands out over the plan. If one examines the 

energy flow as a force, the grid becomes distorted. The newly distorted grid provides nodes of placement for 

thermal objects, which are smaller interventions on the roof. As the thermal objects scatter themselves on the 

nodes, they create distinct, scaled microclimates. Clusters of these thermal objects, or the spaces in between 

reveal zones of experience. Diagrammed through a contour, the roof becomes a combination of “natural” and 

“synthetic” manipulations. The contour guides material changes, adding in landscaping and thermal pools. 

Adding everything together, the diagram of the roof becomes extremely varied, where spaces are defined more 

with gradients rather than with edges. 

This change from hard edged architectural surfaces such as walls, to loosely defined zones of experience 

completely changes the typical architectural conversation. No longer defined strictly by lines and edges, the 

nature of the roof plan drifts into an underlying logic of energy. The interplay of thermal zones, movable 

furniture, and materials creates a composition, with occupants and architecture acting like dancers in an 

unfolding play. As comfort becomes something definable for each user, the experience of the architecture 

becomes more specific to each individual. It is the development of an architectural system, which incorporates 

the human experience within its many processes. This ties back to the research of dark ecology and the desire 

of the architectural project. Hoping for a greater ecological awareness, the architecture embeds occupants 

within an ecosystem which is authored both by natural processes and the building itself. Not only that, but 

occupants have both a conscious and unconscious effect on the plan. Passively, occupants radiate heat through 

electromagnetic waves, interacting with the thermal environment. Actively, the architecture involves technology 

by way of providing a network for users to connect to. This connection supplies the architecture with a vast 

range of data. A connected occupant occupies a building through both physical presence and through radio 

waves emitted from their cell phone. Once connected, the architecture provides the occupant with tools to 

thermally map the roof landscape and define zones of comfort which suite their needs.

To further explain the process involved in designing Thermal Atmospheres, the research behind the project will be 
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summarized. The research approached the thesis from three different angles: Ecology, Mass Data Technology, and 

Climate Manipulation. The varied approach to research allowed the project to become flushed and multifaceted. 

The three research areas feed into each other. The vision is that the architecture would incorporated mass data, 

which would inform climate manipulation, which would impart ecological awareness onto an occupant. The 

research portion begins with study into ecology, as that is the backbone of the project. 

Current architectural dialogues often concern themselves with issues of sustainability, which usually endeavors 

to mitigate architecture’s impact on the environment. A relative of sustainability, ecology is a branch of biology 

concerning relations of organisms to one another and to their biophysical environment.1 Ecology can be 

referenced in architecture to explore the relationships amongst people and spaces. For an architect, an ecological 

understanding influences design work to value all users as well as the environment of the architectural work. But 

what does ecological awareness mean in the current age? Ecological awareness in the Anthropocene era takes the 

form of a strange loop or mobius strip, twisting to only have one side2. As philosopher Timothy Morton reveals, 

current ecological awareness is a dark ecology. This finding has implications both for the design of architecture 

and its interaction with users. 

Why does ecological awareness take this loop form? It is because of the current ecological crisis in which we 

find ourselves. In becoming ecologically aware, one becomes aware of humanity as a species amongst a countless 

depth of nonhuman beings and objects (animals, plants, minerals, ecosystems, etc.). Additionally, thinking in an 

ecological manner pushes thought to multiple strange scales.3 At an enlarged scale, this means conceptualizing 

the biosphere of the earth as an object/system the human species inhabits. Even further, we become aware of the 

state of climate change within the biosphere, which is a more dire crisis everyday. This inevitably has an immense 

psychological impact on any species aware of it. 

To illustrate the oppressive weight of the knowledge of climate change, one can look to the Paris Climate 

Agreement of 2016. The Agreement set humanity the goal of limiting global warming to well below two degrees 

Celsius relative to temperatures before the Industrial Revolution.4 Following the agreement, scientific studies 

were conducted to ask how much carbon the world could emit before the damage was irreversible. The point at 

which the damage is deemed irreversible has been granted a chilling title: “The Point of No Return.” Assuming a 
1 Timothy Morton. Hyperobjects (Minneapolis: University of Minnesota Press, 2013), 18.
2 Timothy Morton. Dark Ecology (New York: Columbia University Press, 2016), 40.
3 lbid, 42.
4 Vivian Sorab, “Too Little, Too Late? Carbon Emissions and the Point of No Return” Yale Environment Review March 26, 2019. https://environment-review.
yale.edu/too-little-too-late-carbon-emissions-and-point-no-return. 
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moderate mitigation strategy, the Point of No Return will arrive in 2035. If removal of greenhouse gases from the 

atmosphere is more robust, the Point of No Return is delayed to 2042.5 

The weight of these projections is a suffocating burden. Acknowledgment of current ecological reality requires a 

melancholy awareness. But despite its name, Dark Ecology is not meant to by solely depressing, but more darkly 

sweet. Morton describes a growing awareness with the state of the world as a manifestation of a dark, but healing 

eulogy.6 The process of this thinking begins with the ridiculousness of the current ecological situation. When one 

considers the gigantic ecological shift of climate change, current efforts to mitigate damage to the environment 

are cast in the omnipresent shadow of the crisis, diminished to almost nothing. The ridiculous nature of our efforts 

are the first indication of sweetness within dark ecological thought. Morton argues that the laughter of ridicule 

dissipates into a melancholic laughter, one which incorporates the profound depths of humans and nonhumans 

affected by earth ecology. The final step of reaching the bittersweet sense of dark ecology is an appreciation for 

the vast ungraspability of things.7 It is a release of much of that pent up anxiety brewing from the knowledge of 

The Point of No Return. Adopting a dark ecological view requires a restructuring of thought and the destruction 

of a very old idea.

One of the main concepts of Dark Ecology is the destruction of the idea of nature. Nature divides humans from 

objects termed “natural.” But are humans themselves not natural? And is it not natural for humans to manipulate 

their environment? Dark ecological thought is directly at odds with the concept of separation, rather humans 

must integrate the built environment with all manners of objects and confront the ecological reality. 

If a work of architecture is to structure an experience of ecological awareness, it requires crafting a 

phenomenological space of such awareness. Morton suggests that subjectivity is a term used to describe a 

much vaguer sense of self within a strange reality. Once once discovers this spectral sense of self, one is in the 

phenomenological space of ecological awareness.8 Morton’s suggestion for creating this new phenomenological 

space is about shifting the perception of subjectivity. In other words, occupants of such a space must be 

influenced in such a way that they understand themselves as a minuscule data point within an incomprehensibly 

vast network of objects. Even beyond that, occupants must understand that they are profoundly covered in, 

surrounded by, and permeated by all kinds of foreign entities.9 If an occupant experiences this, they are closer to 
5 lbid.
6 Timothy Morton. Dark Ecology (New York: Columbia University Press, 2016), 35.
7 lbid, 50.
8 Timothy Morton. Dark Ecology (New York: Columbia University Press, 2016), 114.
9 Timothy Morton. Dark Ecology (New York: Columbia University Press, 2016), 112.
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a dark ecological awareness.

In order to embody dark ecology, architecture must embrace cognitive processes beyond human oriented thinking.10 

Thankfully, there is a ready wealth of knowledge available which is not inherently human. This knowledge 

lies in mass data. This section of research will cover an ontological approach to architectural data usage. The 

topics covered are the nature of mass data as a hyper-medium, the approach of “being at rest” with data, and the 

aesthetics of an informed “weird-weirdness” of architectural awareness. 

Data is simply defined as information gathered for analysis.11 In our current digital world, the most readily available 

and all-encompassing data pool to analyze comes from the digital realm. The term ‘big data’ or ‘mass data’ refers 

to the availability of massive amounts of machine-readable information12. Machine readable information differs 

in its essence from information which is understandable to humans. It speaks in languages we simply cannot 

understand in raw form and requires the interpretation of computer systems. This computer information is a kind 

of synthetic knowledge. It is generated by socio/technical systems in which humans are increasingly entangled, 

by choice or by necessity: cell phone networks, credit card systems, or social media networks13. The increased 

availability of data can be traced to mobile phones and the way in which we socialize. Telecommunication providers 

store the position of the nearest cell tower every time we place a call or send a SMS message. Additionally, GPS 

(Global Positioning System) technology is equipped on every modern cell phone, allowing for precise tracking14. 

This can track individuals wherever they go, be it on foot, car, rail, or bike. Installed on vehicles, position tracing 

can paint powerful pictures of emission flows and urban movements. 

In this thesis, we are looking at urban ecological data. This data includes individual human movements, geological 

data, climate data, energy usage, infrastructure usage, travel data, and cultural relationships (such as social 

media). These data categories imply an architectural program of a transit hub. Applying synthetic knowledge to 

transportation architecture can have several consequences. One possibility is that the public can understand their 

behavior in a more collective manner. 

A transportation system which functions based off of individual usage puts control of infrastructure in the hands 

of the common user. The hyperloop transportation technology allows this kind of automation to be possible. The 

10 Steven Cairns, Future Cities Laboratory: Indicia 02 (Zurich: Lars Muller Publishers, 2019) 103.
11 Dietmar Offenhuber and Carlo Ratti, Decoding the City (Basel, Switzerland: Birkhäuser Verlag GmbH, 2014) 2-3.
12 lbid 2-3.
13 lbid 6-7.
14 lbid, 28-29
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system functions through automated pods which accommodate small parties of users who schedule their own 

personal departure time. As a result, the hyperloop technology is a new type of connection which can link urban 

areas with unprecedented amount of proximity. 

Looking at the subject of data broadly as information, difficulties with the collection, transmission, and processing 

of data have always been laborious processes. Until the late twentieth century the culture and economics of 

data were choked by the seemingly permanent scarcity of supply: there was never enough data. Today (broadly 

speaking), for the first time, we seem to have more data than we need. Indeed, we have so much that we have 

mountains of digital waste as we struggle to come to terms with our unprecedented data opulence.15 Martin 

Heidegger, the German philosopher, termed the concept of being bathed in numbers as the gigantic, which is 

defined as a rise in sheer quantity.16

What is the ontological nature of this data opulence? Initial reasoning leads one to Timothy Morton’s conceptual 

hyperobjects. Hyperobjects are things that are massively distributed in time and space relative to humans.17 Some 

examples of hyperobjects include climate change, the solar system, all nuclear materials on earth, or the great 

pacific garbage patch. However, the nature of the connection between humans and data is different than the 

connection between humans and climate change. In urban areas, immeasurable quantities of attributes such as 

wealth, competitiveness, livability, poverty, etc. converge and overlay on top of one another in immense diversity. 

As these diverse peoples use phones, credit cards, and social media, their connections are documented. As lives 

are increasingly digitized and contained in data, information becomes the medium of the contemporary society? 

This thesis proposes defining mass data as a hyper-medium. This differs from a hyperobject only in its possible 

functionality.18 Much like an art medium (such as acrylic paint) it can be engaged actively as a tool for human 

purposes. 

The idea of utilizing the immense capabilities of technology to solve enormous modern problems brings us back 

to Heidegger. Heidegger famously argued that while technology contains great danger for humanity (nuclear 

weapons, human-caused global warming, etc.), it also possesses within it the saving power with which to confront 

our reality.19 The approach to dealing with hyperobjects that Morton proposes is object-oriented, confronting 

hyperobjects and hyper-mediums as discrete identities. Morton suggest a type of rest. Rest simply means a sort of 
15 Mario Carpo, The Second Digital Turn (Cambridge, MA: The MIT Press, 2017) 9.
16 Martin Heidegger, Contributions to Philosophy (Bloomington, IN: Indiana University Press, 1999)
17 Timothy Morton, Hyperobjects (Minneapolis: University of Minnesota Press, 2013) 1 
18 Steven Cairns, Future Cities Laboratory: Indicia 02 (Zurich: Lars Muller Publishers, 2019) 7-8
19 Martin Heidegger, The Question Concerning Technology (Cambridge, MA: Harvard University Press, 1977)
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philosophical reflection on a hyperobject. There are various dimensions of this rest: mindfulness, awareness, and 

simple letting-be.20 The overarching message of rest is a positive, deep acceptance of coexistence. 

So, applying philosophies of coexistence, one returns to architecture and the way it can engage with the hyper-

medium of synthetic knowledge. If we are to coexist with this hyper-medium, it will need to be logically integrated 

within our built environment. Architecture which is fully integrated with digital structures and makes use of 

synthetic knowledge would take the form of an adaptive, smart building.

With the purpose of developing a greater understanding of ecology within tan urban context, mass data has been 

identified as a resource for solution finding. Mass data can inform architectural engagement with both humans 

and its environmental conditions. Data informs architecture in the form of adaptive systems, adaptive kinetics, 

and features of amplification.

Adaptive architecture has the ability to create interactive environments. In relation to Dark Ecology, once users 

become aware of environmental adaptation, their own subjectivity becomes understandable because they recognize 

themselves as a smaller cog in a larger system. Through adaptive systems and adaptive kinetics specifically, 

architecture can accept human users as part of an evolving synthetic environment. 

Adaptive sensory environments are spaces which seek synergy in their relationships with their occupants. 

Designing through a lens of synergy requires a heightened awareness, which unfolds the typical dichotomy 

between spaces and occupants.21 In this proposed synchronization, architecture becomes a flexible filter which 

connects behaviors, whether they are environmental, building, or occupant-driven.22 In other words, architecture 

acts as a means of ecology, in relating beings to one another. 

Adaptive sensory environments have the ability to bridge weather systems, data systems, and even urban systems. 

Such environments are viscous, protecting and exposing in order to unveil transformative opportunities for 

occupants. This type of architecture can act as a guide, a ‘live map’ that helps occupants get to where they want to 

go.23 In fact, Maria Lorena Lehman, author of Adaptive Sensory Environments, drafts guiding questions for adaptive 

architecture performance. For example, what does the occupant want to do with the system? How does the system 

20 Timothy Morton, Hyperobjects (Minneapolis: University of Minnesota Press, 2013) 198.
21 Maria Lorena Lehman, Adaptive Sensory Environments : an Introduction (London: Routledge, Taylor & Francis Group, 2018), 1.
22 lbid 15.
23 Maria Lorena Lehman, Adaptive Sensory Environments : an Introduction (London: Routledge, Taylor & Francis Group, 2018), 4-5.
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fit with the workflow or activities of the space? How does the interface look or feel to the occupant?24 Lehman 

uses the terms “adaptive architecture” as well as “adaptive environments”. To clarify, adaptive environments 

refer broadly to spaces both interior or exterior, which respond to occupants. Adaptive architecture is the built 

infrastructure which adaptive environments use to respond to occupants. Lehmen explores the possibilities of 

exterior adaptive environments extensively and her theoretical work is reflected in Ecosistema Urbano’s design 

for Malaga Campus. 

The prospects of environmental manipulation speaks to Sean Lally’s ecological research. Lally proposes a theory 

of “amplification” in direct conflict with “mediation”. Lally argues that mediation has been the historic funcion 

of architecture, focusing on limiting selective natural systems from affecting the interior of architecture.25 Walls, 

for example, typically act as mediators between interior and exterior. In contrast, Amplification is a strategy that 

uses existing climatic conditions as architectural materials. Producing architecture through amplification requires 

strengthening energies associated with exterior microclimates until they become a material to build with. In effect, 

amplification uses parameters of climate (temperature, humidity, solar radiation, and precipitation) as a form of 

infrastructure.26 It is important to note that amplification is not focused on reconstructing a climatic ideal. It is 

more than simply conditioning exterior spaces. Rather, climatic amplification seeks to explore new territories of 

design, aesthetic proclivities, and social interaction. In an ecological lens, this constructs a network connecting 

urban occupants and their climate. 

Lally’s theory of amplification connects coherently with dark ecology in its focus on energy. In dark ecology, 

it is recognized that energy systems (think coal and oil) are what drive the contemporary anthropocene era.27 

Humanity’s reliance on such energies is what has produced the current climate crisis. Amplification works 

in contrast to this trend. Lally defines material energies as intensified versions of the energies already around 

us (electromagnetic, thermodynamic, acoustic, and chemical).28 The shaping of these energies is a new way 

of producing architecture which ignores the cannon of “mediation architecture.” The architectural geometry of 

amplification follows a feedback loop between material energies and climatic variables.29 As the properties of the 

climatic surroundings fluctuate (such as an increase in wind speed), the architectural shape must through either a 

change in form or energy output. For example, a form can bulge to avoid intense wind speed or energy output can 

24 lbid 42.
25 Sean Lally, The Air from Other Planets : a Brief History of Architecture to Come (Zürich: Lars Müller Publishers, 2014), 34.
26 lbid 36.
27 Timothy Morton. Dark Ecology (New York: Columbia University Press, 2016), 11.
28 Sean Lally, The Air from Other Planets : a Brief History of Architecture to Come (Zürich: Lars Müller Publishers, 2014), 88.
29 lbid 192.
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be increased to heat a space encountering cool wind. This feedback relationship between the material energies and 

the existing climatic variables influences aesthetic as well as form. 

With the research of the project established, the process described at the beginning of this statement began. The 

design of the architecture was almost entirely digital. The context, from the existing building to the surrounding 

streets and structures was modeled with attention to detail. It was important to capture this architecture within the 

reality of its space. The project involved many different types of modeling techniques within the computer. These 

included parametric modeling with grasshopper, texture mapping terrain, mesh manipulation, and subd modeling. 

Subd modeling was a new process for me personally but it became central to the geometric expression of the 

thermal objects within the roof. 

As the deadline for the final presentation approached, the question of representation loomed. As opposed to a 

pin-up presentation which would involve physical models, printed drawings, and an in-person presentation, the 

review was to take place over zoom for the safety of all involved. This meant I would likely be presenting using 

some sort of slides. This is a huge consideration for the project and the final products as the way a graphic is 

viewed on a slide (especially if it is only for a short period) is much different from how one views a drawing on 

a wall. This became a problem for the project as I wanted to develop large-scale drawings with several overlays 

of thermodynamic information. This information would be very hard to view with a single image on a computer 

screen. The solution that I developed was to animate my drawings by scrolling through them at a smaller scale. 

This way, one could slowly examine the developed details of the project as the video played out. Additionally, 

overlays of thermodynamic information could fade in and out of the animated drawing, revealing the energy 

drivers of the project without distracting from the drawing itself. 

The final representation of the project was highly successful. The style of representation was entirely different from 

other projects and was driven by the nature of the project. The way it was presented (through figural diagrams, 

detailed drawings, and animated large-scale drawings) proposed a new type of architectural representation. The 

review itself was highly enjoyable, as the reviewers engaged in a lively conversation with myself and each other 

about the nature of public space. This conversation was exactly what I wanted. The reviewers were not concerned 

with details within the project or tripped up by the execution, but rather were intrigued by the questioning of 

the thesis itself. Sean Lally proposed in the review, researching into the ecology and ontology of public gardens 

throughout history, as that is largely what my thesis is trying to change. He felt that my thesis was questioning 
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what public space might be trying to become within the near future of the next twenty years. He wonderfully 

put the thesis project in context with the nature of public space throughout history, putting it at odds with the 

picturesque, bucolic, baroque, and others. His comments rightfully proposed that the public space I am attempting 

to illustrate functions with a larger understanding of the future and a global ecology. Even further, he pointed out 

that if my goal was to develop ecological sympathy and understanding within a social public space, the space 

should act differently from any that we are used to. Perhaps it doesn’t have to be entirely efficient. Perhaps instead 

it is a space of a multiplicity of possibilities. It is these comments and the overall conversation that complete the 

thesis project. They will help me take this complex questioning that I have developed into my career and develop 

it continuously over time. 
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How can architecture construct a greater cultural ecological awareness through a variable 
thermodynamic design?

Mass data can inform thermal adaptations in the built environment, creating variable environmental 
experiences to enrich ecological awareness.

Current approaches to ecology are dominated by anthropocentric 
ways of thinking which separate the human experience from the 
“natural” world. This thesis opposes that philosophy and connects 
to theories of Dark Ecology to reconfigure the human connection 
to its larger ecosystem. Theories of climatic amplification suggest 
a future where energy systems become materials of architectural 
design, allowing architecture to change the nature in which it 
defines space. Mass data, in our ever more technological world, 
provides the leverage for informing unique climate situations. The 
built environment in this project furthers ecological awareness by 
way of its active role in its climatic environment.  

The thesis is tested within Waverley Station, in Edinburgh, 
Scotland. The project proposes creating a hyperloop terminal 
within the existing train station. The hyperloop system will 
connect Edinburgh to London while collecting user data. The 
project combines this information with local climate data to 
inform a responsive rooftop energy park. Latent energies from the 
existing rail station are collected, reconfigured, and redistributed 
to power the park through various thermodynamic microclimates. 
The synthetic roof landscape shifts the ecology between humans 
and climate from one of control to one of kinetic dialogue. 

Studio Professor: Ana de Brea

Thesis Advisor: Janice Shimizu
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How might ecological awareness be created in an urban architecture?

This question sprung out of a general feeling of disconnect between the urban condition and a total ecological reality. The totality 
of human built environment within the urban condition often does not recognize the reality of our mixed condition. This ecological 
awareness is a reaction against the separation of humanity and “nature”.

Can the human experience be integrated within dynamic ecosystems?

The phrase “dynamic ecosystems” was born out of the desire to create awareness. The idea is that if an occupant is placed within a 
system that noticably changes and adapts, they are likely to become aware of its complexity.

How can thermal energy drive the design of the built environment?

In this question, the thesis narrows down to the specific lens of thermodynamics. This questions how energy can be at the center 
of design decisions. This is forward thinking in reinterpreting architecture is intrinsically part of the complex energy flows of 
contemporary life. Additionally, in the current ecological crisis, it is more important than ever to consider how architecture impacts 
energy usage. 
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The hyperloop system functions based on individual 
scheduling. This system naturally collects data in real time 
about users coming to the station. The new transportation 
system also leverages new technologies to develop 
innovative urban space.

The data collected from the surrounding climate and from 
hyperloop users informs climatic shifts withon the built 
environment of the station. Thermally active surfaces and 
thermal pools construct the shifting thermodynamics.

The adaptive thermal landscape takes the form of a rooftop 
energy park. The energy park functions as a new type of 
public space within the city of Edinburgh, serving all who 
wish to experience the city at a variety of paces. The park 
is a unique space to wait for trains or hyperloop pods. The 
adaptive thermal landscape is the medium through which 
occupants are to develop further ecological sympathy 
and awareness.
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Hyperloop Transportation Climatic Amplification Adaptive Thermal Landscape

Hyperloop Transportation Hub and Energy Park
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Figure 1

Figure 2

Figure 3

UNStudio

Hyperloop System



The Blur Building was initially designed as an Exposition Pavilion 
for the Swiss Expo in 2002. The initial concept renderings of the 
project are enjoyably simple, with just a cloud photoshopped on 
top of a lake. Despite the oddity of the proposal, the project was 
quickly recognized for its posibilities and recieved all the support 
it needed to be developed. 

The primary structure is a lightweight steel tensegrity system 
measuring 300 feet wide by 200 feet deep by 75 feet high.1 The 
primary building material however is the site itself. Water is 
pumped from the lake, filtered, and shot as a fine mist through a 
dense array of high-pressure nozzles. The spraying system is not 

1 Guido Incerti and Daria Ricchi and Deane Simpson, Diller + Scofidio (+Renfro): The Ciliary Function (Milano: Kira Editore S.p.A., 2007), 144-155

uniform and changes in time. This is accomplished through a smart 
weather system which reads the shifting climactic conditions of 
temperature, humidity, wind speed and direction, and processes 
the data in a central computer. This computer regulates the water 
pressures of 31,500 fog nozzles. As a result, the fog mass changes 
not only from season to season, but from minute to minute. It 
is a continuous dynamic display of natural systems in play with 
synthetic knowledge. 

The experience within the synthetic cloud is decidedly low-
definition. Visual and acoustic references are erased, as if “white-
outed” by the building. Movement is unregulated as the public 

is free to wander wherever on the project. One can ascend to 
the Angel Deck which hovers just above the fog cover. Emerging 
through the fog is described as being like “piercing a cloud layer 
while in flight to the blue sky.”

Below deck is the Water Bar which offers a selection of bottled 
water from around the world. In the project, water is seen, 
touched, breathed, tasted, and heard.
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These two section drawings analyze the site at different scales. 
The drawing on the left takes a thermographic section at the scale 
of the planet, graphically indicating planetary thermodynamics 
affecting a volcanic region, in this case scotland. The section on 
the right takes a thermographic section at the scale of a deep, 
geothermal bore, which reaches depths of two kilometers and can 
provide sustainable heating at a district scale.

The force of the hyperloop infrastructure contains many 
implications for urbanity in the future. In the case of this thesis, 
the travel time between London and Edinburgh changes from a 
4.5 hour train ride to <30 minutes. The result is a temporal crunch 
of the distance between the two urban centers. It is pheasibly 
possible to live in one city and continuously travel to the other. 
These diagrams graphically indicate that shift.

T e m p o r a l 
C r u n c h

Crunch
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The thermodynamics of the thesis were first explored as the scale 
of the individual. This strategy allowed for an examination of 
experience without producing specific architecture. The studies 
were not labored over, more like digital sketches. The sketches 
became instrumental is figuring out the graphic language for 
communicating the thesis as well as the aesthetics. 
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The figure studies evolved over time, developing different types 
of views and incorporating different technologies. Thermal pools 
were explored in two different frames and the connection between 
the smart phone and public architecture became important. This 
was a response to the new form of transportation of the hyperloop 
system. The hyperloop would be scheduled on an individual basis, 
not concerned with typical arrival times. The phone often is the 
first way in which one experiences architecture (think of using 
GPS to find your way to a building). This would be expanded in 
the hyperloop system, scheduling a pod using your phone and 
identifying spaces on the roof for confortable waiting. 
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A large part of the purpose of the thesis concerns itself with 
architectural representation. The image to the left identifies the 
three manners of heat transfer within the built evironment and 
proposes graphic notations for those processes. Conduction 
takes place in the event of direct contact between two objects. 
Convection is the transfer of heat through fluid or gas. And 
radiation is the transfer of heat through electromagnetic waves. 
Each of these processes is constantly occuring in reality. The 
graphic standards place them within the world of architectural 
representation. 
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As the process of studying thermodynamics at the individual scale 
evolved, it became apparent that an architectural intervention 
was being conceptually developed to alter the thermal reality 
of the occupants. Research into thermal capabilities of forms 
was the first step in discovering what these interventions would 
be. The discovery of the thermal capabilities of the jack forms 
(figure 34) was a surprise. The revelation was that depending 
on the orientation of the jack form, its thermal capabilities and 
environmental effects would change. Because the forms would be 
array across a landscape at varying orientations and scales, this 
capability lent itself well to the project. 

Figure 33 depicts some of the passive environmental qualities 
associated with a jack form tilted upwards as it intersects with 
the roof plane. This orientation functions well in a hot and humid 
climate, as it allows for ventilation for building below while also 
using a chimney shape to improve convection (transfer of thermal 
energy through air currents). It even begins to perform on the roof 
plane by affecting its near envrionment. It shields the northeast 
from prevailing winds and provides shading from the sun. 
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The initial approach to the project begins with identifying the 
scope of the addition which inserts itself within the existing 
station and provides room for the hyperloop to wind through the 
space. The roof plane then lifts up at corners to provide for views 
and collect water. Next, locations for larger thermal objects are 
decided through proximity to resources on the main level and the 
needs of vertical circulation. Finally, the thermal objects develop 
a thermodynamic flow field which begins to drive the roof plan.
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1. Spatial Grid 4. Flow Field

2. Large Thermal Objects 5. Distorted Grid

3. Energy Outlets 6. Distorted Grid Nodes
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7. Small Thermal Objects 10. Roof Contuour

8. Thermal Reach 11. Adding materials

9. Zones 12. Energy Park
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Rooftop Energy Park
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Looking further in at a portion of the roof plan, the relationship of 
pieces within the composition becomes the focus. The interplay 
of thermal zones, movable furniture, and materials become more 
apparent at this scale. Each piece plays a role in the composition, 
acting like dancers in an unfolding play. The small thermal objects 
both radiate heat and provide surfaces for conduction. Trees and 
other plantings define their own zones through natural heat, 
humidity, and shading they naturally provide. These loose zones 
are identified with dashed lines around green areas. Water is 
collected and treated within the thick roof system, forming heated 
pools in the sunken portions of the roof landscape. 
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Scrolling across the roof plan slowly reveals the ephemeral 
overlays which drive the composition. Drivers of the plan are 
invisible in a realistic sense, but architectural drawings allow 
viewers to understand the flow field and distorted grid defining 
the plan. As comfort becomes something definable for each user, 
the experience of the architecture becomes more specific to each 
individual. It is the development of an architectural system, which 
incorporates the human experience within its many processes.

E p h e m e r a l 
O v e r l a y s
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As the hyperloop system functions based on specific deman from 
individuals/groups and not on a fixed schedule, the station is in 
constant flux. With green spaces provided both internally and on 
the roof plan, the station invites users to relax, and slow down in 
this new world in which they make their own schedule. The plan 
itself connects to the existing North Bridge which runs along the 
west side of the station. This connection will provide another layer 
of activity on an already bustling street, defining a hub within the 
city. The hyperloop system itself actually runs right underneath 
the floor level of the terminal. Escalators are used to descend a 
half flight down to the level of the hyperloop system. The relatively 
small platforms (in comparison with typical platforms) provide 
communal seating and a space to wait close to the hyperloop 
loading. On the south side of the plan, the terminal provides a 
variety of amenities like public restrooms, a pub, a restaurant, a 
book store, and a fish and chip restaurant. 
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As one slowly moves through the section, ephemeral overlays 
reveal the inner workings of the architecture. The wifi provided 
by the station connects the architecture to users. This data goes 
on to inform distinct thermodynamic environments on the 
roof scape. In contrast, the environment within the terminal is 
more consistent. The concrete waffle structured ceiling contains 
convection tubes. These tubes utilize the thermal mass of the 
concrete to create a thermally active ceiling surface. Back on 
the roof, thermal pools are influenced to create puffs of vapor to 
coincide with the arrival of hyperloop pods. In section one is able 
to see the architecture at play with thermodynamics, creating an 
entirely different relationship between occupants and thermal 
comfort.

T h e r m a l  P l a y
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The diagram on the left begins to look at how large thermal objects 
begin to collect energy from the existing station for repurposing 
on the roof. In this instance, the latent energy from the many 
rail lines is utilized. As one of the platforms lines up with a large 
thermal object, the concrete of the thermal object sinks down 
to the floor level of the existing station. From there, it is able to 
collect, reconfigure, and redistribute the excess heat from the 
train through convection tubes, up to the roof. Additionally, this 
larger thermal object provides structure for the main stair within 
the station. 

S t a t i o n  E n e r g y
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From a thermodynamic lens, the chunk model reveals much about 
the project. Internally the large thermal object acts as a unique 
moment within the thick roof. It acts as an interruption to the gentle 
curving of both the ceiling and the roof. This allows first for access 
through vertical circulation. Second, it generates unique climate 
condidtions, both internally and externally. It acts as a pocket of 
energy for those moving through it and then acts as a sheilding 
outcropping on the roof. Additionlly, it’s vertical orientation 
allows for both ventilation of the station and directional flow for 
convection currents. In the final chunk model image, convection 
tubing within the concrete waffle ceiling are indicated to diagram 
the thermally active surface the concrete creates.
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As we scroll across plan, the interplay of thermal zones, movable 
furniture, and materials become more apparent. Each piece plays 
a role in the composition, acting like dancers in an unfolding 
play. As comfort becomes something definable for each user, 
the experience of the architecture becomes more specific to each 
individual. It is the development of an architectural system, which 
incorporates the human experience within its many processes.

E c o l o g i c a l 
A w a r e n e s s



Figure 1. Hyperloop Sustainability Diagram produced by UN Studio. Image downloaded from https://www.designboom.com/architecture/unstudio-hardt-hyperloop-stations-europe-09-13-2018/ 
March 20th 2021.

Figure 2. Hyperloop Features Diagram produced by UN Studio. Image downloaded from https://www.designboom.com/architecture/unstudio-hardt-hyperloop-stations-europe-09-13-2018/ March 
20th 2021.

Figure 3. Section Perspective Rendering of a speculative hyperloop system from Vigrin Hyperloop. Image downloaded from https://virginhyperloop.com/#:~:text=We%20are%20designing%20
Virgin%20Hyperloop,doing%2060%20miles%20per%20hour November 20th 2020.

Figure 4. Perspective Image on Blur Building by Diller Scofidio + Renfro. Image downloaded from https://dsrny.com/project/blur-building on September 18th 2020.
Figure 5. Braincoats diagram as part of the proposal for the Blur Building by Diller Scofidio + Renfro. Image downloaded from https://dsrny.com/project/blur-building on September 18th 2020.
Figure 6.  Climatic Diagram of Blue Building by Diller Scofidio + Renfro. Image downloaded from https://dsrny.com/project/blur-building on September 18th 2020.
Figure 7. Exterior photograph of Blur Building by Diller Scofidio + Renfro. Image downloaded from https://dsrny.com/project/blur-building on September 18th 2020.
Figure 8.  Aerial Photograph of Waverley Station, Edinburgh, Scotland. Image downloaded from https://www.scotrail.co.uk/plan-your-journey/stations-and-facilities/edb on September 30th 2020.
Figure 9. View of Waverley Station from the East. Image downloaded from https://www.scotrail.co.uk/plan-your-journey/stations-and-facilities/edb on September 30th 2020.
Figure 10. Aerial Photograph directly over Waverley Station. Image downloaded from https://www.scotrail.co.uk/plan-your-journey/stations-and-facilities/edb on September 30th 2020.
Figure 11. Interior Photograph of Travel Hall within Waverley Station. Image downloaded from https://www.scotrail.co.uk/plan-your-journey/stations-and-facilities/edb on September 30th 2020 on 

September 22nd 2020.
Figure 12. Southwest Aerial of Waverley Station and its surrounding context within the city of Edinburgh. Image downloaded from https://www.scotrail.co.uk/plan-your-journey/stations-and-facilities/

edb on September 30th 2020.
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