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Kiel Moe illuminates our understanding and practice of 
energy in architecture as a technical, formal, social, and 
political enterprise through the singular contributions of 
his teaching, research, publication, design practice, and 
building.
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September 10, 2021

Mr. Stephen Spurlock, FAIA, Chair
2022 Jury of  Fellows
The American Institute of  Architects 
1735 New York Ave NW 
Washington, DC 20006-5292

Dear Mr. Spurlock:

One dividend of  age is the chance to work with former students who have long since 
become your best teachers. Several lucky educators of  my generation share such a 
teacher in Professor Kiel Moe, whom I am now honored to sponsor for Fellowship. By 
this time, it might be fair to think we’ve fully mapped the field of  energy in architecture, 
yet Professor Moe defines whole new regions of  thought that change the shape of  
the problem our profession and the world are increasingly desperate to solve. Take 
for example the title of  his book, Empire, State & Building. (2017). The punctuation 
of  the title is no mistake. By means of  an ampersand in tandem with a full-stop, 
Professor Moe restores independent value to all three nouns, redefining the context 
of  the question. From there, he proceeds to align the name of  America’s most famous 
skyscraper with two seemingly unrelated threefolds, one from philosophy, the other 
from ecology: first, Foucault’s “three great variables”—territory, communication, and 
speed; second, Odum’s three functions of  all ecosystems—intake, transformation, and 
feedback. Understood molecularly, situated anew in the contemporary discourse on 
carbon, Professor Moe reveals “latent orders of  magnitude of  energy and agency [that] 
become apparent to designers otherwise trained to focus on autonomous objects,” 
fully transcending the Vitruvian mold. The telltale feature of  truly novel thinking is 
its capacity to suspend familiarity so that we can see ordinary things in new ways, as 
though for the first time. All Professor Moe’s teaching, writing, and building meet this 
essential criterion for the advancement of  architectural knowledge.

In addition to Empire, State & Building., Professor Moe is the author of  six other 
influential titles: Unless: The Construction Ecology of  the Seagram Building (Actar, 2020); Wood 
Urbanism (Actar, 2017); Insulating Modernism: Isolated and Non-isolated Thermodynamics in 
Architecture (Birkhäuser, 2014); Convergence: An Architectural Agenda for Energy (Routledge, 
2013); Thermally Active Surfaces in Architecture (Princeton Architectural Press, 2010); and 
Integrated Design in Contemporary Architecture (Princeton Architectural Press, 2008); and the 
co-author of  three more: What is Energy & How (Else) Might We Think About It?, with 
Sanford Kwinter (Actar, 2020); Building Systems: Design, Technology and Society (Routledge, 

2012) with Ryan Smith; and The Hierarchy of  Energy in Architecture (Routledge, 2015), 
with Ravi Srinivasan. As these books suggest, Professor Moe’s writings, in concert with 
his pedagogy and his impressive (growing) body of  award-winning built work, rectify 
pervasive misconceptions about building behavior, advancing an energy-based design 
ethic rooted in thermodynamic principles.

Professor Moe is the recipient of  the Rome Prize, the AIA Young Architect Award, 
the Fulbright-Aalto University Distinguished Chair, and the Architecture League of  
New York Prize, among numerous other national and international honors. Major 
institutions in architecture have acknowledged his work with their highest accolades, 
including the AIA Upjohn Research Grant, the ACSA New Faculty Teaching Award, 
two ACSA Faculty Design Awards, and the ACSA annual “best article” award, based on 
nominations by the editorial board of  the peer-reviewed Journal of  Architectural Education, 
for an essay on the Salk Institute that single-handedly expands the critical literature on 
Louis I. Kahn from form to performance, reframing both biological science and the 
building science that houses it within the jealous optics of  art.

Five years ago, our school invited Kiel Moe to present his built work in a solo 
exhibition, which he entitled “Our Model of  Models, My Model of  Models.” I can 
think of  no model of  architectural thinking more suitable to twenty-first century 
education and practice than his, and no more appropriate acknowledgement of  his 
signal achievements than well-deserved elevation to Fellowship.

Sincerely,

Daniel S. Friedman, PhD, FAIA
ACSA Distinguished Professor (Dean, 2014–2018)
Member, Jury of  Fellows, 2005–2007
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The impetus of my work as an educator, author, practicing architect 
and builder has been an expansion of architecture’s understanding of 
energy. It is my duty and delight to help present and future architects 
grasp the latent beauty and potential of architecture’s energetics, and 
thus the latent ecological, social and political solidarity of design. This 
expansion of understanding and practice is the basis of my teaching 
future architects, presently as the Cass Gilbert Visiting Professor at 
the University of Minnesota, recently as the Gerald Sheff Professor 
of Architecture at McGill University, and in previous academic 
appointments as Associate Professor of Architecture and Energy at the 
Harvard University Graduate School of Design, and Assistant Professor 
at the Schools of Architecture at Northeastern University and Syracuse 
University where I was also a Fellow at the Center for Excellence in 
Energy and Environmental Systems.

My approach to the energetics of architecture emerges from my 
long engagement with practice and building. Importantly, however, 
my passion for understanding energetics in a deep and expansive 
way has led me beyond extant pedagogies and practices of energy 
in architecture. First, I use ecosystem science and methodologies 
to move energy questions and methods far beyond the operational 
fuel bias that has characterized, and woefully limited, architecture’s 
engagement with energy in the past decades. Researching the broader 
system ecology of building and urbanization allows me to account 
more completely for all the energy, material, and carbon emissions 
associated with building. This treatment of architecture’s energetics 
reveals that about 80% of the terrestrial energy associated with a 
North American construction is bound to the extraction, production, 
processing, installation, maintenance, demolition and disposal of 
building material. Only 20% is attached to operational fuels. This 
radically shifts the role and purview of energy design for architects. 

Second, and directly related, by mapping the web of material and flows 
that support building, the ecosystem method I use also inherently 
maps the social and political relations that direct and govern those 
energy-material flows. As such, with this method architects can 
finally begin to grasp the modes of unequal economic and ecological 
exchange that are presently inherent to the activity of building but have 
been externalized by architects. 

Visualizing and then radically amending the modes of environmental 
load displacement, the unequal exchanges, and modes of under-
development that are inherent to architecture but, I repeat, outside the 
purview of traditional practice is absolutely essential to devising more 
sane ecological and more socially just design practices in architecture.  
This is a central task of design in this century, one that requires new 
perspecives, new teaching, and new achievements for architects. 

Hereafter, the question of energy is no longer about the efficiency 
of a building as a performative object, but rather it is about the 
efficacy of building as world-systems of just ecological, energetic, 
economic and social exchanges. The energetics of architecture, 
in my view, is our best pedagogy for learning this key distinction. 
The ecological, energetic, and material assessment captured by 
the ecosystem science of building, which in turn leads to a cogent 
account social, economic, and political account of building together 
reflects a composite, nexus-based approach that accounts for what all 
architecture is and does on the thin surface of this planet. 

The lessons of this ecological-social approach is the basis of my work 
as a teacher, researcher, author, and practicing architect. Each of these 
activities reinforces the other, daily prompting matters of theoretical 
and practical significance about respective dimensions of my work. 
For example, my design-build projects demand unique questions 
about material sourcing and likewise afford approaches to material and 
energy assemblies not possible in traditional practice. Often, the most 
routine and basic assumptions of architecture become the site of deep 
research interrogation in my matrix of architectural activities, leading 
to novel questions about why build the way we do, why we think about 
energy the way we do, and the many blindspots therein that merit 
academic investigation. Accordingly, this focus on the construction 
ecology of architecture is directly linked to my research as architect, 
professor and as an author of ten books on architecture. All of this, in 
turn, becomes manifest in my teaching which brings fresh methods 
of assessment and fresh methods of design to a new generation of 
citizen architects equipped to challenge and expand the profession of 
architecture. 

Kiel Moe illuminates our 
understanding and practice 
of energy in architecture as a 
technical, formal, social, and 
political enterprise through the 
singular contributions of his 
teaching, research, publication, 
design practice, and constructions.
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The future can no longer be a colony of the present.The future can no longer be a colony of the present.
More than ever before, building is totally cosmopolitan More than ever before, building is totally cosmopolitan 
in the most literal  sense possible. Building manifests undesigned in the most literal  sense possible. Building manifests undesigned 
geographic and thermodynamic states. Building is now an empire geographic and thermodynamic states. Building is now an empire 
without rule. Yet, ironically, architects today are at their most without rule. Yet, ironically, architects today are at their most 
vague in their acts of specification. Architects have totally vague in their acts of specification. Architects have totally 
externalized the actual becoming and appearance of buildingexternalized the actual becoming and appearance of building..

So what should the state of building be tomorrow?So what should the state of building be tomorrow?

What should the constitution of architecture be today?What should the constitution of architecture be today?
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This book presents a terrestrial description of the Seagram Building. It 
doing so, it aims to describe how humans and nature interact with the 
thin crust of the planet through architecture. Architecture reorganizes 
nature and society in particular ways that today demand overt attention 
and new methods of description. In particular, the immense material, 
energy and labor involved in building require a fresh interpretation 
that better situates the ecological and social potential of design. 
Given the environmental, social, and political realities that confront 
us in the storms of this century, we need alternative descriptions of 
building and architecture as terrestrial activities that help us imagine 
how to maximize the impact of architecture on its environment in the 
most positive, generative and architectural ways possible. Architects 
increasingly need to do so in ways that constantly evince the inherent 
solidarity and reciprocity of people, places and politics involved in 
building architecture. The environmental and social conditions of this 
century suggest a much more recursive description of architecture 
and its engenderment. I argue that the enhancement of a particular 
building should be inextricable from the enhancement of its world-
system and construction ecology. A “beautiful” building engendered 
through the vulgarity of uneven exchanges and processes of 
underdevelopment is no longer a tenable conceit in such a framework. 
To this end, the book mixes construction ecology, material geography, 
and world-systems analysis through architecture to help articulate 
all the terrestrial activities that engender building generally, and 
more specifically through the example of a most modern of modern 
architectures: the Seagram Building. This books evokes a broad range 
of evidence to help explicate the terrestrial activity of this architecture 
to make design far less abstract and much more literal as a genre of 
terrestrial activity. Unless architects begin to describe buildings as 
terrestrial events and artifacts, architects will—to our collective and 
professional peril—continue to operate outside the key environmental 
dynamics and key political processes of this century. 

Kiel Moe
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Kiel Moe, Unless, The Construction 
Ecology of the Seagram Building.
Barcelona/New York: Actar, 2020.

Daniel Ibanez, Jane Hutton, and Kiel 
Moe, eds., Wood Urbanism: From 
the Molecular to the Territorial. 
Barcelona/New York: Actar, 2019.

A “beautiful” building engendered through the vulgarity of uneven  ecological exchanges and chronic processes of 
socio-economic underdevelopment is no longer a tenable conceit for architecture. These worldy dyanmcis are inherent to 
building, but abstraced from architecture. As a counterpoint, this book mixes construction ecology, material geography, 
and world-systems analysis through architecture to help articulate all the terrestrial activities that engender building 
generally, and more specifically through the example of a most modern of modern architectures: the Seagram Building. 
This books evokes a broad range of evidence to help explicate the terrestrial activity of this architecture to make design 
far less abstract and much more literal as a genre of terrestrial activity. Unless architects begin to describe buildings as 
terrestrial events and artifacts, architects will—to our collective and professional peril—continue to operate outside the 
key environmental dynamics and key political processes of this century. 

This book documents  recent transscalar design research focused on wood conducted in the Energy, Environments 
& Design Research lab at Harvard University’s Graduate School of Design. From small-scale thermal properties to 
large scale forestry, territorial, and carbon cycle issues, wood has latent propensities not well addressed in the current 
discourse on wood construction. These propensities and implications of wood construction will be presented in this book 
through a range of design research formats: from testing to in-situ documentation to speculative projects. The aim is to 
help articulate and illustrate future architectural and ecological potentials of wood.

Ravi S. Srinivasan and Kiel Moe, The 
Hierarchy of Energy in Arhcitecture: 
Emergy Analysis. London: Routledge 
(2015).

Co-authored book that provides a clear overview of what energy is and what architects can do with it. Building on the 
emergy method pioneered by systems ecologist Howard T. Odum, the authors situate the energy practices of architecture 
within the hierarchies of energy and the thermodynamics of the large, non-equilibrium, non-linear energy systems that 
drive buildings, cities, the planet and universe. 

The future can no longer be a colony of the present.The future can no longer be a colony of the present.
More than ever before, building is totally cosmopolitan More than ever before, building is totally cosmopolitan 
in the most literal  sense possible. Building manifests undesigned in the most literal  sense possible. Building manifests undesigned 
geographic and thermodynamic states. Building is now an empire geographic and thermodynamic states. Building is now an empire 
without rule. Yet, ironically, architects today are at their most without rule. Yet, ironically, architects today are at their most 
vague in their acts of specification. Architects have totally vague in their acts of specification. Architects have totally 
externalized the actual becoming and appearance of buildingexternalized the actual becoming and appearance of building..

So what should the state of building be tomorrow?So what should the state of building be tomorrow?

What should the constitution of architecture be today?What should the constitution of architecture be today?

Kiel Moe, Empire, State & Building.
Barcelona/New York: Actar (2017).

Empire, State, & Building tracks the building ecology of one building site—that of the Empire State Building—over 
the last two hundred years of construction. Chapters on the topics of empire, state, and building offer a broader view of 
building as a central historical process of urbanization. This allows me to make meaningful architectural and ecological 
comparisons between the construction methods, building typologies, and durations that have occurred on this site: from 
farm and row houses, to the Waldorf-Astoria Hotel, and finally to the Empire State Building itself.
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This book presents a terrestrial description of the Seagram Building. It 
doing so, it aims to describe how humans and nature interact with the 
thin crust of the planet through architecture. Architecture reorganizes 
nature and society in particular ways that today demand overt attention 
and new methods of description. In particular, the immense material, 
energy and labor involved in building require a fresh interpretation 
that better situates the ecological and social potential of design. 
Given the environmental, social, and political realities that confront 
us in the storms of this century, we need alternative descriptions of 
building and architecture as terrestrial activities that help us imagine 
how to maximize the impact of architecture on its environment in the 
most positive, generative and architectural ways possible. Architects 
increasingly need to do so in ways that constantly evince the inherent 
solidarity and reciprocity of people, places and politics involved in 
building architecture. The environmental and social conditions of this 
century suggest a much more recursive description of architecture 
and its engenderment. I argue that the enhancement of a particular 
building should be inextricable from the enhancement of its world-
system and construction ecology. A “beautiful” building engendered 
through the vulgarity of uneven exchanges and processes of 
underdevelopment is no longer a tenable conceit in such a framework. 
To this end, the book mixes construction ecology, material geography, 
and world-systems analysis through architecture to help articulate 
all the terrestrial activities that engender building generally, and 
more specifically through the example of a most modern of modern 
architectures: the Seagram Building. This books evokes a broad range 
of evidence to help explicate the terrestrial activity of this architecture 
to make design far less abstract and much more literal as a genre of 
terrestrial activity. Unless architects begin to describe buildings as 
terrestrial events and artifacts, architects will—to our collective and 
professional peril—continue to operate outside the key environmental 
dynamics and key political processes of this century. 

Kiel Moe
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Kiel Moe, Integrated Design in 
Contemporary Architecture. New 
York: Princeton Architectural Press (2008).

Kiel Moe, Thermally Active Surfaces 
in Architecture. New York: Princeton 
Architectural Press August 2010).

This book is a book on the scientific, material, and design history ofinsulation; but more importantly it is a book on the 
respective roles  of isolated and non-isolated perspectives on energy in architecture. At once technically and culturally 
explicit, the aim is to peer in to the abyss that separates thermodynamic, architectural, and cultural
understandings of energy. By the end of the book, the profound implications of a non-isolated perspective on energy in 
architecture are articulated through a more thermodynamically accurate, ecological powerful, more culturally relevant, 
and architectural ambitious perspective on energy in architecture.

The emerging practice of integrated design provides the strategies to achieve high performance, low energy, and 
cost-effectiveness, through careful ground-up consideration of how the program, siting, design, materials, systems, and 
products of a building connect, interact, and affect one another. This approach eschews specialists working in isolation in 
favor of solutions that are greater than the sum of their parts. Integrated Design in Contemporary Architecture takes a 
comprehensive look at projects that exemplify current approaches to this exciting new field. From museums to resi-
dences, from office buildings to universities and yoga centers, this book showcases twenty-eight examples of integrated 
design that cut across building types, budgets, climates, and locales. Drawings, diagrams, and photographs illustrate 
how the many disciplines involved in the building process work together to create sustainable spaces that acknowledge 
architecture’s critical role in our shared global community, economy, and ecosystem.

Kiel Moe, Convergence: An 
Architectural Agenda for Energy. 
London: Routledge (2013).

Kiel Moe, Insulating Modernism: 
Isolated and Non-isolated 
Thermodyanmics in Architecture. 
Basel: Birkhauser (2014).

The central thesis in this book is that architects have come to treat buildings as isolated thermodynamic systems even 
though building and urbanization are constitutively non-isolated energy systems. The conceptual, methodological, 
political, ecological, and formal implications of this distinction are profound. These implications invert many of our 
base assumptions about energy. For instance, once understood as a non-isolated system, energy abundance—not 
fuel scarcity—becomes the central ontological premise of thought and action for energy and architecture. This shifts, 
radically, the otherwise Calvinist and managerial habits of mind too often associated with energy in architecture.  This 
book focuses on the history of insulation as an alibi to discuss the more fundamental scientific and epistemic roles of 
isolated and non-isolated systems for architecture.

Convergence is based on the thermodynamic premise that architecture should maximize its ecological and architectural 
power. No matter how paradoxical it might initially seem, architects should maximize energy intake, maximize energy use, 
and maximize energy feedback and reinforcement. This presumes that the necessary excess of architecture is in fact an 
architect’s greatest asset when it comes to an agenda for energy, not a liability. By drawing on a range of architectural, 
thermodynamic, and ecological sources as well as illustrated and well-designed case studies, the author shows what 
architecture stands to gain by simultaneously maximizing the architectural and ecological power of buildings This book 
reconsiders persistent assumptions about energy, construction, and program to articulate a more ecologically and 
architecturally ambitious agenda for energy. Convergence offers architects a way to expand their consideration of the total 
energy flows of a building and its respective environment. 

An  
K i e l  M o e

Conver
genCe:

energy

teCturAl
ArChi

AgendA
for

Sustainability is the pervasive buzzword in any
conversation about twenty-first-century building.
But just how sustainable must a building be 
to earn that sought-after designation? How 
must architects reconsider the entire design 
process to achieve this important goal? Taking 
sustainability to the next level, the emerging 
practice of integrated design provides the 
strategies to achieve high performance, low 
energy consumption, and cost-effectiveness 
through careful ground-up consideration of how 
the program, siting, design, materials, systems, 
and products of a building connect, interact, 
and affect one another. This approach eschews 
specialists working in isolation in favor of 
solutions that are greater than the sum of
their parts.

Integrated Design in Contemporary 
Architecture takes a comprehensive look at 
projects that exemplify current approaches
to this exciting new field. From museums to 
residences, from office buildings to universities 
and yoga centers, this book showcases twenty-
eight examples of integrated design that cut
across building types, budgets, climates, and 
locales. Drawings, diagrams, and photographs 
illustrate how the many disciplines involved 
in the building process work together to 
create sustainable spaces that acknowledge 
architecture’s critical role in our shared global 
community, economy, and ecosystem.

Kiel Moe is an assistant professor at the 
School of Architecture, Northeastern 
University.

Also available from
Princeton Architectural Press

Materials for Design
Victoria Ballard Bell and Patrick Rand
978-1-56898-558-9
 “When a material is used in new and unexpected 
ways, or where its characteristics are presented in 
an unconventional condition, the level of design is 
raised.”

Detail in Process
Christine Killory and René Davids
AsBuilt series
978-1-56898-718-7
 “If engineering is revolutionizing the field of 
architecture with new forms that . . . extend its 
possibilities, architects are beginning to think more 
like engineers, focusing less on symbolic expression 
and more on exploiting the design opportunities 
presented by building type, user needs, climate,
and location.”

Details in Contemporary Architecture
Christine Killory and René Davids
AsBuilt series
978-1-56898-576-3
 “The twenty-five projects included in this first issue 
add a dimension to the way American architecture 
and architects are perceived by the general
public and present solid evidence that the most 
recent renewal of architecture in America is well 
underway.”

Liquid Stone: New Architecture in Concrete
Jean-Louis Cohen and G. Martin Moeller
978-1-56898-570-1
 “This book takes stock of what seems to be a moment 
of unprecedented creativity in concrete construction 
by assembling contributions from engineers, 
architects, and historians involved in the current 
renaissance of the material.”

Transmaterial 2: A Catalog of Materials that
Redefine Our Physical Environment
Blaine Brownell
978-1-56898-722-4
   “As this volume hopefully demonstrates,
Transmaterial is a living, evolving project with a 
few simple goals: heighten awareness about new 
materials and technologies, provide tools to access 
and use these materials and technologies, and 
affect positive change via enhanced design and 
construction.”
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In architecture’s ongoing quest for 
sustainability, it is often the most 
fundamental practices that require 
rethinking. For example, why do we heat 
and cool buildings with air? Thermally 
Active Surfaces in Architecture, the 
groundbreaking new study by 2009 
Rome Prize-winning architect Kiel Moe, 
argues that water, with its higher 
density, is far better at capturing and 
channeling energy. By separating the 
heating and cooling of a building from 
its ventilation, the building’s structure 
itself becomes the primary thermal 
system. Water is moved through tubing 
embedded in concrete slabs or plaster 
surfaces. This transformation of  
energy and building practices triggers  
a cascading set of possibilities for a 
building’s health, structure, and 
durability. 

The first and only book available on  
this fascinating building system, 
Thermally Active Surfaces in 
Architecture details ten contemporary 
case studies, including projects like 
Kunsthaus in Bregenz, Austria, by  
Peter Zumthor; the Zollverein School  
of Management in Essen, Germany,  
by SANAA; Linked Hybrid in Beijing, 
China, by Steven Holl; Südwestmetall 
Regional Headquarters in Reutlingen, 
Germany, by Dominik Dreiner Architekt; 
and housing for the Kripalu Center for 
Yoga and Health in Stockbridge, 
Massachusetts, by Peter Rose and 
Partners.
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Stack House (Mountain Chapel)
Kiel Moe with and for Ron Mason, FAIA
Granite, Colorado
2008
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solid 6x8 Endleman spruce timbers from beetle-kill forests in central Colorado. The project maximizes the use of timber 
in both quantity and funcitons: the timbers comprise the structure, enclosure, finish materials, and achieves thermally 
what other architects do with layers of insluation and other products. The role of the thermall diffusivity and effusivity of 
wood is critical to how the timber structure actaulyl behaves thermally. The maximal use of wood has important carbon 
implications as well. 

Long House
Kiel Moe, AIA
Halifax, Vermont
2015

This project is another solid timber design-build project tied directly to my research on timber architecture, this time 
Eastern White Pine form local forests and mills. The long house establishes an clear edge to the northern edge of a large 
forest meadow, thus capturing southern light and heat gains. The stacked timbers walls are reinforced, in this case, by 
the floor-to-ceiling window frames that tie the structure together and stiffen the walls. The plan typology is a dog-trot, a 
design that captures and concentrates breezes in the exterior dog-trot deck space. The Long House is complimented by 
an authentic solid cedar Finnish forest sauna. As a design-source-build project, this building reflects well many aspects 
of my research, now applied in a built context. This includes the focused research on Finnish sauna architecture while 
serving as a Fulbright Distinguihsed Chair in Helsinki. 

This book presents a terrestrial description of the Seagram Building. It 
doing so, it aims to describe how humans and nature interact with the 
thin crust of the planet through architecture. Architecture reorganizes 
nature and society in particular ways that today demand overt attention 
and new methods of description. In particular, the immense material, 
energy and labor involved in building require a fresh interpretation 
that better situates the ecological and social potential of design. 
Given the environmental, social, and political realities that confront 
us in the storms of this century, we need alternative descriptions of 
building and architecture as terrestrial activities that help us imagine 
how to maximize the impact of architecture on its environment in the 
most positive, generative and architectural ways possible. Architects 
increasingly need to do so in ways that constantly evince the inherent 
solidarity and reciprocity of people, places and politics involved in 
building architecture. The environmental and social conditions of this 
century suggest a much more recursive description of architecture 
and its engenderment. I argue that the enhancement of a particular 
building should be inextricable from the enhancement of its world-
system and construction ecology. A “beautiful” building engendered 
through the vulgarity of uneven exchanges and processes of 
underdevelopment is no longer a tenable conceit in such a framework. 
To this end, the book mixes construction ecology, material geography, 
and world-systems analysis through architecture to help articulate 
all the terrestrial activities that engender building generally, and 
more specifically through the example of a most modern of modern 
architectures: the Seagram Building. This books evokes a broad range 
of evidence to help explicate the terrestrial activity of this architecture 
to make design far less abstract and much more literal as a genre of 
terrestrial activity. Unless architects begin to describe buildings as 
terrestrial events and artifacts, architects will—to our collective and 
professional peril—continue to operate outside the key environmental 
dynamics and key political processes of this century. 

Kiel Moe
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Horizon House
Kiel Moe, AIA, adviser for Harvard GSD 
student project team
Hookido, Japan
2008

First Prize Winner of the 
3rd LIXIL International University 
Architectural Competition

Horizon House was conceived as a process for embracing local and seasonal qualities of place, providing a 360 degree 
view to the landscape, and reflecting an expanded understanding of ecological boundaries. Sourcing, lifespan, and energy 
implications of construction materials were incorporated by using salvaged or locally harvested wood products, even in 
the foundations system, reducing to a minimum embodied carbon impacts. In Horizon House the thermal experience of 
the inhabitant is linked to the surface of the floor, which provide both radiative heating and cooling using a wood stove in 
winter and underground pipe and thermal mass storage in summer. 

Student Team: Carlos Cerezo Davila, Matthew Conway, Robert Daurio, Ana Garcia Puyol, Mariano Gomez, Natsuma Imai, 
Takuya Iwamura, and Thomas Sherman 

Bath House
Kiel Moe, AIA w/ Decentralized Design Lab
Portland, Maine
2020

This urban bath house/sauna is located in downtown Portland, Maine finished construction in September 2020. Located 
on a constrained site, with an equally constrianed budget, the architecture organizes a range of thermal experiences 
around the motive force of an authentic Finnish masonry stove, or kivaus. A key part of the matrix of thermal textures 
experienced in the architecture, the building’s wraps around an outdoor courtyard and its warm and cold dipping pools. 
Together, these spaces and sequences provide a temperature range from zero in the Maine winter to 212°F, the proper 
temperature for a Finnish sauna. As a social condenser, the locker room-sauna-lounge-outdoor space sequence is orga-
nized such that two seperate groups (distinct genders, orientations, identifications) can either remain seperarte or enjoy 
mixed sauna exoeriences. 
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energetics of architecture, the nominee was awarded a 
$19.1m CFI grant, the 2017-2019 Mellon Founda-
tion/Canadian Center for Architecture Project 
on Environmental Histories of Architecture, the  2016 
Fulbright Distinguished Chair in Helsinki, Finland, 
the 2010 Rome Prize in Architecture, and three 
Fellowships at the MacDowell Colony in 2012, 
2014 and 2016. 

In recognition of his teaching, he was awarded the 
2010 ACSA/AIAS New Faculty Teaching Award and 
has been appointed faculty positions at top schools of 
architecture across the country. 

In recognition of his directly-related design practice, he 
received the 2013 Boston Design Biennial Award, 
the 2011 Architecture League of New York Prize, 
the 2011 AIA National Young Architect Award, 
and numerous design awards for individual projects 
from the AIA, the American Collegiate Schools of 
Architecture North American Wood Design Awards, and 
Boston Society of Architects, among others. 

FInally, he is recipient of research funding from the 
Canadian Center for Architecture/Mellon 
Foundation, David Rockefeller Center for 
Latin American Studies, the Softwood Lumber 
Board, the AIA Upjohn grant program, the AIA RFP 
grant program, the Boston Society of Architects 
Architectural Research Program, Junior Faculty 
research grants at the Harvard Graduate School 
of Design and the Northeastern University Provost 
Faculty Development program. 

An abridged list of these and other awards: 

2020  Canadian Foundation for Innovation Program

            “BARN” Research Facility proposal

            Award value: $19,100,000 CAD [fully funded]

2017   Canadian Center for Architecture Project on 

            Environmental Histories of Architecture

2016  Fulbright Distinguished Chair 

 Aalto University, Helsinki, Finland 

2016  Fellow, MacDowell Colony for the Arts

2015  Arctic Circle Residency: Summer Expedition

2014  Fellow, MacDowell Colony for the Arts

2014   Visiting Artist, American Academy in Rome

2013   Boston Design Biennial winner

2012   Barbara and Andrew Senchak Fellowship, 

 The MacDowell Colony for the Arts

2011  Architecture League of New York 

 Young Architect’s Prize

2011   AIA National Young Architects Award

2010    American Academy in Rome: 

          Gorham P. Stevens Rome Prize 

2010   Virginia Design Medal

2010   American Collegiate Schools of Architecture   

 National Design Awards    

 Mountain Chapel

2009   North American Wood Council Honor Award

 Mountain Chapel

2009   AIA Colorado Design Honor Award

 Mountain Chapel

2009   AIA Denver Design Merit Award

 Mountain Chapel

2009   Metropolis NEXT-GENERATION competition: 

 Energy use in the 21st Century

2009   American Collegiate Schools of Architecture 

 National Design Awards    

 Tubehouse

2007   Boston Society of Architects Design Award

 Benning Box project

2006   AIA Committee on the Environment Competition  

 Honorable Mentio for “Fieldhouse” 

2006   American Institute of Architects Denver:    

 Tubehouse Architect’s Choice Award

2005   AIA Western Mountain Design Merit Award:   

 Tubehouse  

2005   AIA Colorado Design Honor Award Tubehouse 

2005   AIA Denver Design Merit Award Tubehouse 

2004   (with WW Architects) PA Awards: 

 Progressive Architecture Citation 

 San Jose State University Art Museum 

2003   SOM Foundation: Chicago Institute for Architecture   

 and Urbanism Competition 1st Prize

2003   (with WW Architects) San Jose State University   

 Museum of Art and Design Competition 1st Prize 

2002   Chicago Athenaeum: American Architecture Award

 The River Tower and Studio 

2002   AIA Western Mountain Region Design Merit Award

 The River Tower and Studio

2002   AIA Colorado Design Honor Award

 The River Tower and Studio

2002   North American Wood Council Design Honor Award

 The River Tower and Studio 

2002   University of Virginia School of Architecture 

 Design Merit Certificate. 

2001   University of Cincinnati School of Architecture

 AIA Henry Adams Medal: Highest GPA

2001   University of Cincinnati School of Architecture

 Thesis Prize Award: “Best in Show” Design award

2001   University of Cincinnati School of Architecture

 Alpha Rho Chi Medal

1999   AIA Colorado Design Honor Award

 The River Tower  
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reflect another important form of recognition and an 
importnant dimension ofthe nominee’s contirbutions to 
archietcture. An abridged list:

2021     Yale University, fall
 Parsons School of Design, Fall
 University of Cincinnati, Fall
 Skyscraper Museum, summer
 Cal Poly San Luis Obispo, Architecture, spring
2020 Washington State University
 University of Idaho School of Architecture
2019  Auburn University Rural Studio
 Architecture League of New York
 AIA Colorado Design + Practice conference
 Wentworth Institute of Technology 
 Ryerson School of Architecture, spring 
2018 CUNY Spitzer School of Architecture, fall
 Canadian Center for Architecture, fall
 Canadian Center for Architecture, summer
2017 Princeton University
 Torcuato Di Tella University, Buenos Aires
 Columbia University, GSAPP spring
 University of Virginia,     
 Virginia Tech University
 Tulane University 
 Vienna School of Applied Arts
 Aalto University, Helsinki, Finland
2016	 Pontifical	Catholic	University	of	Chile
 Yale University
 Illinois Institute of Technology 
 University of Hawaii 

 Arizona State University 
 Harvard University Center for the Environment
 Woodbury School of Architecture 
 Princeton University 
 The Ohio State University 
 ACSA National Conference

2015 University of Tennessee 
 University of Idaho 
  University of Virginia  
 Cal Poly San Luis Obispo
 Louisiana State University 
2014 Harvard Graduate School of Design PhD 
 Massachusetts Institute of Technology 
 Harvard Graduate School of Design  DDes   
 Louisiana State University 
 University of Washington 
 Princeton University  
 University of Milwaukee 
 CUNY  
 Yale School of Architecture, 
 Harvard Center for the Environment
2013 ACSA National Conference
 University of Michigan
 University of Maryland
 University of Hawaii
 Boston Architectural College
2012 Columbia University GSAAP
 University of Tennessee, Knoxville
 Wentworth Institute of Technology
 Architecture Boston, ABX
 SMARTGEOMETRY,  Troy, NY
 Universidade de Coimbra, Portugal, summer

 University of Pennsylvania 
 New Jersey Institute of Technology 
 Iowa State University 
 ACSA National Conference 
2011 Harvard University Material Systems
 ACSA National Conference
2010 University of Idaho School of Architecture
 Auburn University School of Architecture
 ACSA National Conference
2009 CIP TALKS,  Zagreb, Croatia, fall
 Berlage Institute 
 Rhode Island School of Design in Rome
 New England Society of Architectural Historians 
 Boston Society of Architects
 Architecture League of New York 
 Urban Center Books, New York City
 ACSA National Conference
2008 Northeastern University 
 ACSA National Conference  
 Massachusetts Institute of Technology
2007 University of Cincinnati 
 ACSA National Conference
2007 University of Illinois, Chicago 
 ACSA/AIA Cranbrook Teachers Conference
 ACSA National Conference
2006  AIA Integrated Practices Forum, Oak Park, IL.
 ACSA National Conference 
2005 University of Cincinnati 
2004 University of Illinois, Chicago
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The nominee has published ten books on architecture and 
dozens of contributions to other books, journals, and 
conference proceedings. The range of topics span from the 
ecosystem science basis of architecture, to history of insulation 
in modern architecture, to a ongoing, mulit-volume material and 
energetics accounting of archietcture in the last two hundred years 
through the detailed assesment of a series of iconinc buildings 
in Manhattan as indicators of how the material, energetic and 
ecological basis of architecture as evolved.  

These publicaitons are important dimension of knowledge 
sharing that aims to shift percpetions and practices of 
energy in this century. This century demands, on one hand, 
a much more scientifically expclict grasp of energy and 
energetics as well as a more socially and politically coherent 
grasp of the implications of building as a planetary activity. 
The importance and breadth of these concerns require book-
length treatments, often distilled into more readily-accesible 
accounts in journals and other publicaiton venues. 

Books
• Unless, The Construction Ecology of the Seagram Building (in 
press).Barcelona/New York: Actar (in press, 2020).
• with Sanford Kwinter, What is Energy & How (Else) Might We 
Think About It? Barcelona/New York: Actar (in press, 2020).
• with Daniel Ibanez, Jane Hutton, eds., Wood Urbanism: From the 
Molecular to the Territorial. Barcelona/New York: Actar, 2019.
•  Empire, State & Building. Barcelona/New York: Actar, 2017.
• with Ravi S. Srinivasan and Kiel Moe, The Hierarchy of Energy in 
Architecture: Emergy Analysis. London: Routledge, 2015. 
• Insulating Modernism: Isolated and Non-Isolated Thermodynam-
ics in Architecture. Basel: Birkhauser 2014.
• Convergence: Architectural Agenda for Energy. London: Rout-
ledge. 2013.
• with Ryan Smith,eds. Building Systems: Technology, Design, & 
Society. London: Routledge. 2012
• Thermally Active Surfaces in Architecture. New York: Princeton 
Architectural Press. 2010.
•  Integrated Design in Contemporary Architecture. New York: 
Princeton Architectural Press. 2008

2.
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S Contributions To Books

• “Error from the Air”, in Beneytez-Duran, Rafael ed., Airscapes, 
Actar. 2019. 
• “Equipment as Environment”, Architecture for/of the Environ-
ment, Canadian Center for Architecture. 2019.
• “Think like the Forest: Maximizing the Environmental Impact and 
Energetics of Timber Building”, in Markus Hudert, ed., Rethinking 
Wood, 2019.
• “Broken World Thinking,” Pamphlet Architecture 36: “Buoyant 
Clarity”, Christopher Meyer, Danie Hemmendinger, and Shawna 
Meyer, ed., New York: Princeton Architectural Press, 2017.
• “Not-Zero Energy,” Embodied Energy, David Benjamin, ed., 
Columbia Books on Architecture and the City, 2017.
• “Interview: Our Model of Models” in Computing the Environ-
ment: Digital Design Tools for Simulation and Visualization of 
Sustainable Architecture, Terri Peters and Brady Peters, eds., New 
York: Wiley, 2017.
• “Spatializing Odum.” Energy Accounting, William W. Braham 
and Dan Willis, eds. London: Routledge Press, 2016. 
• “Technics of the Modern Interior” & “The Baths of Caracalla”, 
Interior Matters. Madrid: A+T, 2016.
• “Our Model of Models.” Pragmatic Sustainability: Theoretical 
and Practical Tools, Second Ed. Steven A Moore, ed. London: 
Routledge, 2015. 
• “Cellular Solidarity,” in Javier García-Germán, ed., Thermody-
namic Interactions: An Exploration into Material, Physiological and 
Territorial Atmospheres, Barcelona: ACTAR, 2015. 
• “Plastic Rheologies: From the Molecular to the Territorial.” 
Architecture and Plastic. Billie Faircloth, ed. London: Routledge, 
2015. 
• “This Monster of Energy.” in Rosetta Elkin, ed., Platform 6, 2014. 
• “The Formations of Energy in Architecture” Energy and Archi-
tecture (Again). William W. Braham and Dan Willis, eds. London: 
Routledge Press, 2013. 
• “Kiel Moe” Archive: Boston Design Biennial. Boston: Pink 
Comma Books, 2013. 
• “Explications.” Young Architects 12: It’s Different. New York. 
Princeton Architectural Press, 2012. 
• “Matter is but Captured Energy.” Matter: Material Processes in 
Architectural Production. Gail Borden and Michael Meredith, eds. 
London: Routledge Press, 2011. 
• “Technique is the Architecture of Sustainability.” New Directions 
in Sustainable Design. Adrian Parr and Michael Zaretsky, eds.  
London: Routledge Press, 2010. 
• “Automation Takes Command: The Nonstandard, Un-Automat-
ic History of Standardization and Automation of Fabrication in 
Architecture” in Rob Corser, ed., Fabricating Architecture: Selected 
Readings in Digital Design and Manufacturing. New York: Princeton 
Architectural Press, 2010.

Journal Articles  [Academic & Non-Acadmic, abridged list]
• Kiel Moe, “There’s more to timber building than trees”, The 
Architect’s Newspaper March 22, 2021. 
•*Craig S, Halepaska A, Ferguson K,Rains P, Elbrecht J, Freear A, 
Kennedy D and Moe K, “The Design of Mass Timber Panels as
Heat-Exchangers (Dynamic Insulation). Front. Built Environ. 
6:606258. 2021.  https://doi.org/10.3389/fbuil.2020.606258
• Kiel Moe, “Architectural Agnotology and Broken World Models”, 
Log issue 50 (issue on “Model Behaviors”), 2021. 
• Kiel Moe, “Building Agnotology”, Journal of Architectural Educa-
tion (special issue “Built”) 2021. 
• Kiel Moe & Daniel S. Friedman, “All Is Lost: Notes on Bro-
ken World Design,” Places Journal, October 2020 https://doi.
org/10.22269/201013
• Kiel Moe, “The Case for a More Literal Architecture”, Metropolis 
2020. 
• Kiel Moe, “Down to Earth”, Urban Omnibus 2020. 
• “Nonlinear Perspective”, Log issue 47 (special issue on “Over-
coming Carbon”), 2019. 
• “Materials, Architecture and the ‘Fallacy of Misplaced Concrete-
ness’” Technology: Architecture & Design, under review
• “The Architecture of Work and the Work of Architecture Today” 
Journal of Architectural Education, 73:2, 2019. 
Kiel Moe, “Architectural Research in an Age of Open Systems”, 
Technology: Architecture & Design, issue 2, 2018. 
• “Magnificence: On the Appearance of the Baths of Caracalla” 
Journal of Architectural Education, 71:2, 2017. 
• “Our model of models in the Anthropocene” Journal of Architec-
ture, vol 21, no. 8. 2017.
• “Energy & Form in the Aftermath of Sustainability”, Journal of 
Architectural Education, 71:1, 2017. 
• “Hoarders of Magnitude: Super-(and Not-So-Super-) Organisms” 
Harvard Design Magazine, no. 43. 2017. 
• “Iatorgenic Architecture” Harvard Design Magazine, no. 40. 
2015. 
• “The Nonmodern Struggle for Maximum Entropy” New Geogra-
phies 6: Grounding Metabolism, 2014. pp 174-183.
• “Air: Conditioning Architecture” Volume 37: Is This Not a Pipe?, 
January 2014. 
• “Insulating North America” Journal of Construction History, 
2012, Vol.27, pp. 87-106
Kiel Moe “Stackhouse,” PRAXIS 13: Eco-Logics
• “Observations on the Concepts of Place in Post-Risk Societies in 
Recent Fiction.” Places. 20.2 (2008): pp. 42-3.
• “Extra Ordinary Perform  ances at the Salk Institute for Biological 
Sciences.” Journal of Architectural Education. 61.4 (2008): 17-24. 
(Recipient of the 2008-2009 ASCA/JAE Best Scholarship of Design 
Article Award)
• “Compelling yet Unreliable Theories of Sustainability.” Journal of 
Architectural Education. 60.4, 2007: 24-30.



12

3.
0 

 E
XH

BI
TIS



13

 
 

3.
1 

 U
nl

es
s:

 C
on

st
ru

ci
to

n 
Ec

ol
og

y 
of

 th
e 

Se
ag

ra
m

 B
ui

ld
in

g 
3.

0 
 E

XH
IB

ITS

This book presents a terrestrial description of the Seagram Building. It 
doing so, it aims to describe how humans and nature interact with the 
thin crust of the planet through architecture. Architecture reorganizes 
nature and society in particular ways that today demand overt attention 
and new methods of description. In particular, the immense material, 
energy and labor involved in building require a fresh interpretation 
that better situates the ecological and social potential of design. 
Given the environmental, social, and political realities that confront 
us in the storms of this century, we need alternative descriptions of 
building and architecture as terrestrial activities that help us imagine 
how to maximize the impact of architecture on its environment in the 
most positive, generative and architectural ways possible. Architects 
increasingly need to do so in ways that constantly evince the inherent 
solidarity and reciprocity of people, places and politics involved in 
building architecture. The environmental and social conditions of this 
century suggest a much more recursive description of architecture 
and its engenderment. I argue that the enhancement of a particular 
building should be inextricable from the enhancement of its world-
system and construction ecology. A “beautiful” building engendered 
through the vulgarity of uneven exchanges and processes of 
underdevelopment is no longer a tenable conceit in such a framework. 
To this end, the book mixes construction ecology, material geography, 
and world-systems analysis through architecture to help articulate 
all the terrestrial activities that engender building generally, and 
more specifically through the example of a most modern of modern 
architectures: the Seagram Building. This books evokes a broad range 
of evidence to help explicate the terrestrial activity of this architecture 
to make design far less abstract and much more literal as a genre of 
terrestrial activity. Unless architects begin to describe buildings as 
terrestrial events and artifacts, architects will—to our collective and 
professional peril—continue to operate outside the key environmental 
dynamics and key political processes of this century. 

Kiel Moe
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century, we need alternative descriptions of building and 
architecture as terrestrial activities that help us imagine how 
to maximize the impact of architecture on its environment 
in the most positive, generative and architectural ways 
possible. Architects increasingly need to do so in ways that 
constantly evince the inherent solidarity and reciprocity of 
people, places and politics involved in building architecture. 
The environmental and social conditions of this century 
suggest a much more recursive description of architecture 
and its engenderment. I argue that the enhancement 
of a particular building should be inextricable from the 
enhancement of its world-system and construction ecology. 
A “beautiful” building engendered through the vulgarity of 
uneven exchanges and processes of underdevelopment is 

Kiel Moe, Unless: The Construction Ecology of the 
Seagram Building. Barcelona/New York: Actar (fall 2020).
[single author book publication]

no longer a tenable conceit in such a framework. 
To this end, the book mixes construction ecology, material 
geography, and world-systems analysis through architecture 
to help articulate all the terrestrial activities that engender 
building generally, and more specifically through the 
example of a most modern of modern architectures: the 
Seagram Building. This books evokes a broad range of 
evidence to help explicate the terrestrial activity of this 
architecture to make design far less abstract and much more 
literal as a genre of terrestrial activity. Unless architects 
begin to describe buildings as terrestrial events and artifacts, 
architects will—to our collective and professional peril—
continue to operate outside the key environmental dynamics 
and key political processes of this century. 

This book presents a terrestrial description of the Seagram 
Building. It doing so, it aims to describe how humans and 
nature interact with the thin crust of the planet through 
architecture. Architecture reorganizes nature and society in 
particular ways that today demand overt attention and new 
methods of description. In particular, the immense material, 
energy and labor involved in building require a fresh 
interpretation that better situates the ecological and social 
potential of design. Given the environmental, social, and 
political realities that confront us in the storms of this 

Declaration of Responsibility: 
I have personal knowledge of the nominee’s responsibility for the exhibit listed above, which included primary responsibility for book authorship.  Ricardo Devesa, Editor | ACTAR Publishers, Barcelona, Spain
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A highly detailed model of every material component in 
the Seagram Building is the basis of a ecosystem science 
accounting of the building. In this case, the “bronze” facade 
(actually brass material) accounts for 49% of the building’s 
construciton energy, but only amounts to 1% of its mass. 
This striking ratio of energy to mass triggers a deep analysis 
of its production. 

All archietcture is geological before it is anything else. 
Much of the copper for the brass material of the Seagram 
Building was mined in the largest hole ever dug by humans, 
the Chuquicamata mine in Chile. The Argentinian activist 
famously visited the Chuquicamata mine in the years after 
the Seagram mining, documenting and protesting the labor 
and living conditions of miners in this town.

The brass for the Seagram Building “bronze” facade was 
processed mainly in the west side of Chicago, in Cicero. 
Immigrant labor hand-tapped each brass extrusion straight, 
evidence of the highly handcrafted, non-standardized 
approach to construction. 
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The brass components from the midwest were assembled 
and tested at General Bronze in Long Island City, NY. Here 
the brass was stained to look like bronze, the first of annual 
oil treatments to maintain the appearance of bronze.

The brass envelope is installed, as per conventional 
accounts of the building. Although Mies would suggest that 
“God is in the details”, the research for this book suggests 
that “Gaia is in the details of the details” of the building. 

The maintenance of the brass facade, to maintain its bronze 
appearance, requires an individual to hand rub every square 
inch of the exterior envelope. 
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The future can no longer be a colony of the present.The future can no longer be a colony of the present.
More than ever before, building is totally cosmopolitan More than ever before, building is totally cosmopolitan 
in the most literal  sense possible. Building manifests undesigned in the most literal  sense possible. Building manifests undesigned 
geographic and thermodynamic states. Building is now an empire geographic and thermodynamic states. Building is now an empire 
without rule. Yet, ironically, architects today are at their most without rule. Yet, ironically, architects today are at their most 
vague in their acts of specification. Architects have totally vague in their acts of specification. Architects have totally 
externalized the actual becoming and appearance of buildingexternalized the actual becoming and appearance of building..

So what should the state of building be tomorrow?So what should the state of building be tomorrow?

What should the constitution of architecture be today?What should the constitution of architecture be today?

plots the material history and geography for one plot of 
land in Manhattan—the parcel of land under the Empire 
State Building—over the past two hundred years. Through 
rich illustrations, it tracks all the building material that has 
passed through this parcel to better understand building’s 
geographic and ecological dynamics: spatially (in terms 
of their geographic material footprints and industrial 
processes) and quantitatively (in terms of embodied energy, 
embodied carbon, and emergy flow). In successive chapters, 
the book articulates the empire and states that are inherent 
to building, but remain unconsidered by architects and 
urbanists. 

Kiel Moe, Empire, State & Building. Barcelona/New York: 
Actar (2017).
[single author book publication]

The book has three primary chapters. First on the topic 
of how every building is an empire , an often unwittingly 
specified geography of material, energy, and labor. The 
second chapter focuses on the unusually apt term,”State”, 
as both a political description of the geographic empire 
inherent to building, but also as thermodynamic term 
that refers to the ecosystemic quantities and qualities of 
the overall empire of building. This chapter features a 
comphrensive construction ecology of the Empire State 
Building site since 1799. After framing the first two chapters 
as such, the third chapter, “Building”, places the extraction, 
processiing, transportation, production, assembley, 
disassmebly and refuse of building in a larger context.

Whence the accumulation of raw matter and energy of 
building in New York City? 

Through three respective chapters on the topics of empire, 
state and building, this book considers the material basis 
of building in terms of the energetics of urbanization. 
The otherwise externalized material geographies and 
thermodynamics of building’s material basis reveal much 
about the dynamics and efficacy of how we build; about 
what does, and what could, support life today. This book 

Declaration of Responsibility: 
I have personal knowledge of the nominee’s responsibility for the exhibit listed above, which included primary responsibility for book authorship.  Ricardo Devesa, Editor | ACTAR Publishers, Barcelona, Spain
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Emergy required for  buildings Phase Material (kg) Emergy (sej) Years Sej/year

1799-1850 Thomson's House 152,817 2.65957E+17 50 5.31914E+15

1850-1892 Houses 51,887,253 1.2499E+20 42 2.97594E+18

1892-1930 Waldorf Astoria 379,867,823 9.71873E+20 35 2.77678E+19

1930 Empire State Building 362,054,708 1.66369E+21 85 1.95728E+19

Exergy density of people in buildings Phase Number of People Metabolic Energy Years Total Exergy

1799-1850 Thomson's House 6 3.82E+09 35 8.02E+19

1850-1892 Houses 292 3.82E+09 40 4.46E+21

1892-1930 Waldorf Astoria 3000 3.82E+09 35 4.01E+22

1930 Empire State Building 20000 3.82E+09 85 6.49E+23

Emergy/Exergy Ratio Phase Emergy/Exergy ratio

1799-1850 Thomson's House 0.000066

1850-1892 Houses 0.000667

1892-1930 Waldorf Astoria 0.000692

1930 Empire State Building 0.000030

Cost of production of a unit exergy; the 

reciprocal of the efficiency of a system in 

converting the energy cost of available inputs in 

actual organization

Solar energy required (directly and indirectly) 

to obtain a product; Global cost of production: 

the convergence of space, time and energy 

required for production

Energy that can be obtained when a system is 

brought to the thermodynamic equilibrium; 

Distance from equilibrium; level of organization, 

structure and information

In this book, the empire, states, and building of single site in 
Manhattan are mapped, measured, quanitified, molded, and 
assessed as a construction ecology of three centuries. 
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This book is a history of a most common material/energy 
practice in architecture: heat transfer and insulation. 
But this history aims for decidedly uncommon futures 
for architecture: fulfilling the potential of non-isolated 
thermodynamics in architecture. Much more than walls 
was insulated in modernity: in the course of modernity, 
insulation became a highly active physical, conceptual, 
and historical agent in the determinant habits of twentieth 
century architectural design and its associated construction 
practices.

Kiel Moe, Insulating Modernism: Isolated and Non-
isolated Thermodynamics in Architecture. Basel: 
Birkhauser (2014).
[single author book publication]

Non-isolated, non-equilibrium thermodynamics drive 
every building, city, and form of life. Their understanding 
helps architects grasp centuries-old thermodynamic 
concepts that position designers to finally capture, channel, 
intercept, store, accelerate, and modulate the total energetic 
dissipation of building through design.

No other concept has disturbed and disfigured our 
understanding of energy more than the seemingly innocent 
idea of isolation. Further, no other material practice in 
architecture has systemically reinforced this errant idea 
than insulation. In too many cases, architects and engineers 
treat buildings as increasingly “efficient” isolated systems 
without any regard for the larger energy hierarchies of a 
building. This is the exact opposite of how architects should 
engage energy.

Declaration of Responsibility: 
I have personal knowledge of the nominee’s responsibility for the exhibit listed above, which included primary responsibility for book authorship.  Andreas Muller, Editor |  Birkhäuser Verlag GmbH, Basel, Switzerland
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The history of insulation science, practices, materials, and 
pedagogies are tracked in its North American, and very 
diffferent European context. The histories help explain why 
we build the way we do, why we think about energy in the 
limited way that we do, and what alternatives emerge from, 
in  strict scientific sense, a non-isolated description of 
architecture and energetic system. 

From the sublime energetics of the baths of Caracalla 
in Rome, to Frank Lloyd Wright’s Usonian houseds, to 
astoundingly coherent and beautiful early-twentieth century 
studies on energetics in northern Norway, the book collects 
a range of evidence to describe the reality and potential of a 
non-isolated descriptuion of architecture’s energetics. 
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and ecological amortization. When these three factors 
converge through design, the resulting buildings begin to 

perform in complex, if not subtle, ways.

By drawing on a range of architectural, thermodynamic, and 
ecological sources as well as illustrated and well-designed 
case studies, the author shows what architecture stands 
to gain by simultaneously maximizing the architectural 
and ecological power of buildings This book reconsiders 
persistent assumptions about energy, construction, and 
program to articulate a more ecologically and architecturally 
ambitious agenda for energy. Convergence offers architects 
a way to expand their consideration of the total energy flows 
of a building and its respective environment. 

Kiel Moe, Convergence: An Architectural Agenda for 
Energy. London: Routledge (2013).
[single author book publication]

When matter is understood as but captured energy, the 
transformations and convergence of a building’s entire 
energy flow prompts new forms of agency for design and 
is necessary for an architectural agenda for energy. An 
architectural agenda for energy suggests that architects 
would merge the highly additive layers and systems of 
contemporary construction into a more monolithic and 
ecologically powerful approach to construction. This 
convergence of structural, mechanical, and enclosure 
systems reflects a lower-technology yet higher-performance 
paradigm that engenders greater knowledge of construction, 
its metabolism and greater durability.

Convergence is based on the thermodynamic premise that 
architecture should maximize its ecological and architectural 
power. No matter how paradoxical it might initially seem, 
architects should maximize energy intake, maximize energy 
use, and maximize energy feedback and reinforcement. This 
presumes that the necessary excess of architecture is in fact 
an architect’s greatest asset when it comes to an agenda for 
energy, not a liability. But how do we start to understand the 
full range of eco-thermodynamic principles which need to 
be engaged with in order to achieve this?
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Convergence and recursion: energy transformation hierarchy. (a) Spatial view of 
units and their territories. (b) Energy network including transformation and feedbacks. 
(c) Aggregation of energy networks into energy chain. (d) Bar graph of the energy 
flows for the levels in energy hierarchy. (e) Bar graph of solar transformities

(e)

(d)

(c)

(a)

(b)

Used Energy

Energy
Sources

Howard T. Odum’s Energy Hierarchy

(a) Components of a System

(b) Seperation of Items of 
Similar scale:

(c) Tree Example:

(d) Human Village

(e) Energy Systems Diagram

(f) Energy flow:

(g) Transformity

Leaves & 
Small Roots

Branches Trunk

Components Shelters Tribal Center

Emergy

“Low Quality” “High Quality”

Declaration of Responsibility: 
I have personal knowledge of the nominee’s responsibility for the exhibit listed above, which included primary responsibility for book authorship.  Francesca Ford, Editor | Routledge/Francis & Taylor Group, London, United Kingdom
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 volume  density  weight  Embodied 
energy1       

Embodied 
carbon  Emergy 

 (m3) (kg/m3) (kg) (MJ/kg) (kgCO2/kg) (sej) x 1012 
Suransuns              

V4A Stainless Steel Tension Straps 0.19 8,000 1,535 87,046 9,442 10,700 
V4A Stainless Steel Anchors 0.02 8,000 149 8,453 917 1,039 

V4A Solid Stainless Steel Guardrail Posts 0.08 8,000 656 37,199 4,035 4,573 
V4A Stainless Steel Handrail 0.03 8,000 273 15,473 1,678 1,902 

Aluminum AL 99.5 spacers between treads 0.04 2,700 121 18,727 1,107 2,573 
Andeer Granite Treads 2.81 2,670 7,489 82,383 4,793 18,274 

Concrete Lower Abutment 9.80 2,400 23,511 105,798 17,163 42,554 
Concrete Upper Abutment 6.96 2,400 16,707 75,183 12,196 30,240 

         
      total 

       
Ponte Fabricius2             

         
Travertine 375.77 2,050 770,329 970,614 56,234 1,879,602 
Pepperino 623.74 1,400 873,236 1,100,277 63,746 2,130,696 

Brick 529.20 1,922 1,017,122 3,051,367 233,938 3,743,010 
Basalt 38.54 3,011 116,044 146,215 8,471 283,147 

Concrete 395.60 2,400 949,440 4,272,480 693,091 1,718,486 
         

      total 

       
Contemporary Steel Bridge             

         
Concrete 57.34 2,400 137,616 173,396 10,046 249,085 

Steel 7.27 7,850 57,062 71,898 4,166 397,720 
Glass 5.57 2,600 14,487 43,462 3,332 20,427 

         
      total 

       
       
       
       

Embodied Energy per Generation 1  gen. 2 gen. 3 gen. 5 gen. 10 gen. 100 gen. 
         

Ponte Fabricius 9,540,954 4,770,477 3,180,318 1,908,191 954,095 95,410 
Suransuns  430,262 215,131 143,421 86,052   

Contemporary Steel Bridge 288,755 144,378 96,252     
         
         

Embodied Carbon per Generation        
         

Ponte Fabricius 1,055,481 527,740 351,827 351,827 105,548 10,555 
Suransuns  51,330 25,665 17,110 10,266   

Contemporary Steel Bridge 17,544 8,772 5,848     
         
         

Emergy per Generation        
Ponte Fabricius 9,754,941 4,877,471 3,251,647 1,950,988 975,494 97,549 

Suransuns  101,156 50,578 33,719 20,231   
Contemporary Steel Bridge 667,232 333,616 222,411       

  

 

430,262 51,330 101,156 

9,540,954 1,055,481 9,754,941 

288,755 17,544 667,232 

43,026 

5,133 

10,116 

1. Based on values from the Inventory of Carbon and Energy (ICE) from the University of Bath in the UK
2. Emergy values used are from R.M. Pulselli, E. Simoncini, F.M. Pulselli, S. Bastianoni, "Emergy analysis of building manufacturing, 
    maintenance and use: Em-building indices to evaluate housing sustainability," Energy and Buildings 39 (2007) pp. 620–628
3. For the purposes of this contemporary comparison, the Ponte Fabricius calculation uses contemporary energy values for its materials; 
   as if we were to build a bridge this mode. Because the bridge was built with more archaic methods, its actual energy values 
   would be significantly less.

=

Embodied Energy per generation served:
4,133,563 MJ/ 94 generations=43,974 MJ

Embodied Energy per generation served:
681,727 MJ/ 3 generations=227,242 MJ

1 Ponte Fabricius lasts at least 2075 years, the equivalent of 31+ steel and concrete bridges.

vs

Ponte Fabricius*
embodied energy 

(MJ/m33 ) material  volume (m33 )
Total Embodied Energy 

(MJ)

Travertine 1,890 376 710,205

Pepperino 1,890 1,419 2,682,553

Brick 5,170 129 667,964
Paving stones 1,890 39 72,841

4,133,563

Contemporary Concrete and Steel Bridge
embodied energy 

(MJ/m33 ) material  volume (m 33 )
Total Embodied Energy 

(MJ)
Concrete 3,180 57 182,346
Steel 37,210 7 270,487
Glass 41,080 6 228,894

681,727

*For the purposes of this comparison, the Ponte Fabricius calculation uses contemporary 
embodied energy values for its materials. Because the bridge was built with archaic methods, 
its actual embodied energy values would be significantly less.

4,133,563 MJ 21,358,515 MJ

1. Production 
Saarbrücken, Germany
150,000 sq.ft. of raw float glass (~800,000 
pounds) produced and shipped 

1

2

3

2. Processing
Shenzhen, China
Glass is kiln heated, slumped, paired, and kiln heated again for 
lamination; then crated and shipped to the United States

3. Installed
Toledo, Ohio
~88,000 sq.ft. of glass panels installed 

The principles of systems ecology (also known as the thermodyanmcis of large-scale, 
complex systems such as architecture) are introduced to architects in this book. It 
tracks how materials and energy converenge, by design, into a building through the 
large planetary process of building. The energetics of these global processes are critical 
to architcture’s actual ecological efficacy, though these larger energetics have been 
routienly excluded from practice and research, inexplicably in favor of the operational 
fuel dyanmics of building as a performative object rather than as planetary process. 
With a systems ecology accounting, 80% of the energetics of building is the production 
and assmebly of materials, and only 20% is attached to operational fuel dyanmics. This 
is good news for architects, who traditionally understand materials better than energy. 
However, it poses radically different responsibilities for material design. 
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In architecture’s ongoing quest for 
sustainability, it is often the most 
fundamental practices that require 
rethinking. For example, why do we heat 
and cool buildings with air? Thermally 
Active Surfaces in Architecture, the 
groundbreaking new study by 2009 
Rome Prize-winning architect Kiel Moe, 
argues that water, with its higher 
density, is far better at capturing and 
channeling energy. By separating the 
heating and cooling of a building from 
its ventilation, the building’s structure 
itself becomes the primary thermal 
system. Water is moved through tubing 
embedded in concrete slabs or plaster 
surfaces. This transformation of  
energy and building practices triggers  
a cascading set of possibilities for a 
building’s health, structure, and 
durability. 

Thermally Active Surfaces in 
Architecture details ten contemporary 
case studies, including projects like 
Kunsthaus in Bregenz, Austria, by  
Peter Zumthor; the Zollverein School  
of Management in Essen, Germany,  
by SANAA; Linked Hybrid in Beijing, 
China, by Steven Holl; Südwestmetall 
Regional Headquarters in Reutlingen, 
Germany, by Dominik Dreiner Architekt; 
and housing for the Kripalu Center for 
Yoga and Health in Stockbridge, 
Massachusetts, by Peter Rose and 
Partners.

Kiel Moe

Princeton Architectural Press 
www.papress.com
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ISBN 978-1-56898-880-1  US $55.00

47.5% 27%

190 btu/hr 100 btu/hr

400 Btu/h400 Btu/h

Radiant transfer Convective transfer Exhalation &
other processes

27.5%
110 btu/hr

THERMALLY 
ACTIVE SURFACES 

systems target 
radiant transfer

TYPICAL 
HVAC 

systems target 
convective 

transfer

The human body is a thermally active surafce system. 
Heat energy is mainly transfered in and around a body 
through the hydronic circulatory system. The heart 
pumps heat through the blood from the core to the 
skin, a thermally active surface. Its thermal system is 
also decoupled form its ventilation system.

practices triggers a cascading set of possibilities for a 
building’s health, structure, and durability.
Thermally Active Surfaces in Architecture details ten 
contemporary case studies, including projects like
Kunsthaus in Austria, by Peter Zumthor; the Zollverein 
School of Management in Germany, by SANAA; Linked 
Hybrid in Beijing by Steven Holl; Südwestmetall Regional 
Headquarters in Germany, by Dominik Dreiner Architekt; 
and housing for the Kripalu Center for Yoga and Health in 
Massachusetts, by Peter Rose and Partners.

Kiel Moe, Thermally Active Surfaces in Architecture. 
New York: Princeton Architectural Press (2010).
[single author book publication]

In architecture’s ongoing quest for sustainability, it is often 
the most fundamental practices that require rethinking. 
For example, why do we heat and cool buildings with air? 
Thermally Active Surfaces in Architecture, the research 
argues that water, with its higher density, is far better at 
capturing and channeling energy. By separating the heating 
and cooling of a building from its ventilation, the building’s 
structure itself becomes the primary thermal system. Water 
is moved through tubing embedded in concrete slabs or 
plaster surfaces. This transformation of energy and building 

Energy density is directly related to the 
density of a material. Water can capture 
and channel far more energy per unit 
volume than air. Thermally active surfaces 
are built around this basic principle.

Declaration of Responsibility: 
I have personal knowledge of the nominee’s responsibility for the exhibit listed above, which included primary responsibility for book authorship.  Jennifer Thompson, Editor | Princeton Architectural Press, Hudson, New York
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132 133Kunsthaus BregenzKunsthaus Bregenz  
Bregenz, Austria
——
Peter Zumthor, Architect
Meierhans + Partner AG, Engineer

The Kunsthaus Bregenz is a prime example of thermally active surfaces in 
architecture. Architect Peter Zumthor and engineer Robert Meierhans designed a 
thermodynamically and physiologically novel figure for the Kunsthaus Bregenz that 
formalized a new relationship between body and building. Situated on the edge of 
Lake Constance in Bregenz, Austria, the visual and tectonic aspects of the Kunsthaus 
Bregenz are well known. The scheme presents a box of etched glass shingles that veil 
the concrete structure of the building, as described by Zumthor:

The art museum stands in the light of Lake Constance. It is made of glass and 
steel and a cast concrete stone mass which endows the interior of the building 
with texture and spatial composition. From the outside, the building looks like  
a lamp. It absorbs the changing light of the sky, the haze of the lake, it reflects 
light and color and gives an intimation of its inner life according to the angle of 
vision, the daylight and the weather.1

While these visual effects of the building are familiar, the thermally active 
surface system and the building science that enables the scheme’s minimalism is 
less documented. The visual appearance and material presence of the building is 
best understood as the manifestation of novel immaterial strategies and systems. 
The Kunsthaus’s architecture emerged from a simple yet profound physiological 
understanding of the body as the context. Like the human body, the Kunsthaus is 
a hydronic heat and cool system with a decoupled fresh air ventilation system. The 
concrete surfaces in the Kunsthaus are hydronic, thermally active surfaces that 
temper the thermal comfort of bodies in the space through radiant heat transfer as 
opposed to the minimal air system in the building. While this system may initially 
seem simple, if not mundane, it engenders the austere appearance and low energy 
consumption of the building.

The simplicity of the scheme is best understood through the clarity of its zoning. 
The building has three primary zones: first, the occupied spaces of the galleries, the 
entry floor and the subterranean levels; second, a service zone above each of the 
galleries; third, a buffer zone that wraps the building. The galleries are supported 
and enclosed by a thermally active concrete structure. The concrete superstructure 
bears on a set of twenty-four one-meter-diameter piles that distributes its load down 
twenty-six meters into the soft ground condition of the lakeside site. The Kunsthaus is 
an example of an earth-coupled, or geothermal, thermally active surface building. The 
building also has a perimeter slurry wall foundation that extends down to bedrock, 
isolating the construction from the flowing groundwater in the soil of the site. These 
foundation walls also serve as a heat sink and source. The water from the adjacent 
lake and on the site fluctuates annually from 60–72°F. This water cycles through 
the slurry walls and is used for cooling purposes. These earth-coupled loops feed a 
3800-liter storage tank that supplies the hydronic system for the concrete structure 

Glass shingles 
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of the Kunsthaus. The design integrated 28,000 kilometers of tubing into the concrete 
pour. A gas-fired boiler supplies heat for the hydronic system in the winter months. 
The structural configuration of the gallery creates controlled, thermally active 
surfaces on five sides of a body in the gallery spaces. Together, this strategy minimizes 
perceived radiant asymmetries and thus allows a lower supply temperature because 
the system does not compensate for unheated surfaces in the space and the resultant 
thermal asymmetries.

The ventilation air for the occupied spaces is distributed through high-velocity, 
small-diameter ducts cast in to the floor. A reveal around the edge of the floor at the 
base of the wall is the distribution slot for the displacement supply air strategy. The 
ventilation slots around the perimeter of the space also accommodate differential 
movements between the terrazzo topping and the concrete structure. Again, the ther-
mal loads in the gallery space are decoupled from the air system, allowing the use 
of a small volume of air. As the fresh air mixes with existing air a quarter of times per 
hour, the air is heated and rises through slots in between the glass ceiling panels. The 
minimal fresh air exchange and humidity control allows for the systems in the galler-
ies to be visually concealed. Within the galleries this effectively creates two distinct air 
zones: the gallery zone and the light-air plenum above. The incident heat gains from 
the daylight strategy as well as heat gains from the power-operated light system are 
captured and removed radiantly by the thermally active slab as well as the exhaust 
air duct in the slab above the gallery. This results in significant cooling load-related 
operating costs. When decoupled from heating and cooling, the Kunsthaus only needs 
750 cubic meters of supply air compared with 24,000 cubic meters of supply air for a 
comparable museum space, based on a conventional air-based approach to heating, 
cooling, and ventilation. The installation cost of this system is a third of a conventional 
HVAC system. Furthermore, the cooling system uses 80 percent less energy  
per annum compared to a conventional system.

In colder seasons, supply air is preheated by a heat recovery system; it is 
humidified and reheated to its supply condition. In the summer, the east face of the 
building’s glazed envelope functions as the fresh air intake. The summer supply air is 
cooled and dehumidified with energy from the earth-coupled cooling system. Since 
the building’s construction, it has been retrofitted with an additional humidity control 
system that provides a greater degree of control for certain sensitive art installations 
that were not part of the original project design. The new special exhibition system 
ensures a constant 70°F temperature and a constant 50 percent relative humidity 
level. The original system, used on most days, allows great tolerance in these energy 
levels (64–75°F and 40–60 percent relative humidity).

The third zone, the exterior glass shingle system, serves multiple functions: 
rainscreen, light diffuser, thermal buffer, and visual veil. The glass shingles bear on 
a steel tube structure that is thermally and structurally independent of the concrete 
core. This is important because it eliminates any breaks in the thermal envelope. 

bottom left
Gallery stair

bottom middle
Gallery ceiling

bottom right
Gallery interior

top, left to right
Ground-floor plan,
typical gallery plan,
typical gallery reflected  
ceiling plan

Therm_Act_03_final.indd   134-135 10/8/09   5:54:20 PM

136 137Kunsthaus Bregenzbottom left, right
Glass shingle details

top left
Steel structure access

top middle
Steel structure of thermal buffer space, 
bottom right

top right 
Glass shingle connection

The ninety-centimeter-wide buffer space enables serviceability through a series 
of lifts that rise from the basement levels of the building. The inner layer of glass is 
part of the thermal envelope, and bears on the steel tube structure. A set of hydronic 
convectors runs along the base of this glazing. It is attached to the top of the concrete 
wall, to offset thermal loss from the glazing. Rigid insulation clads the concrete wall, 
completing the thermal envelope and providing reflective material that bounces light 
back through the glass shingle rainscreen. The intent here was to diffuse direct solar 
incidence as well as to create an unbroken thermal envelope around the concrete 
core. The zone also integrates a solar control strategy: a series of operable blinds that 
can drop in front of the clerestory glazing to control the amount of incident daylight, 
effectively making the galleries a black box for video installations. These blinds are 
controlled by a building management system and a rooftop light level sensor. Finally, 
the steel structure integrates a series of spotlights that illuminate the veiled exterior 
of the building at night.

The thermally active surfaces are central to the aesthetic, organizational, and 
technical performances of the Kunsthaus Bregenz. The active surfaces minimize 
the size and scope of mechanical systems that could otherwise interfere with the 
performance of the gallery space. The clarity of the building’s zoning in many ways 
represents an ideal diagram for thermally active surface buildings. It boasts a high 
performance building envelope, decoupled thermal and ventilation systems, abundant 
daylighting, and exposed surfaces on multiple sides of the conditioned spaces. While 
minimal in appearance, the building can be seen as a maximal form of non-visual 
ornament for the nervous system. The Kunsthaus is an emblematic example that 
design, energy, and logistics of materials, light, and sensible temperature gradients—
from its source to its effect on a building and body—now constitutes a coherent form 
of thermodynamic figuration unto itself with new aesthetic potential and technical 
parameters.

Notes

1  Peter Zumthor, Kunsthaus Bregenz, 2nd edition (Ostfilern, 

Germany: Hatje Cantz Publishers, 1999), 13.

DeSign TeAm

Client: Landeshochbauamt Vorarlberg, Feldkirch and Kunsthaus Bregenz

Architecture: Peter Zumthor, Haldenstein

Collaboration: Daniel Bosshard, project architect (museum building); Jürg Bumann, Roswitha Büsser,  

Katja Dambacher, Thomas Durisch, Marlene Gujan; Thomas Kampfer, project architect  

(administration building) 

Daylighting: Hanns Freymuth
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ZONE 2

ZONE 1

ZONE 2

ZONE 1

ZONE 2

ZONE 1
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142 143Kunsthaus Bregenzbottom right
Glass shingle detail

top
Zone above gallery at glazing

bottom left 
Zone above gallery interior

Partial wall section
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Energy data

bottom
Performance data

Thermal zones

Structure Buffer

Return zone Supply zone

Supply + return Composite strategy
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House of Art Bregenz, first floor temperatures (°C)

Design range AprilAir, 3.00 m

Air, 0.10 m
Floor

Kunsthaus Conventional
Heating and Cooling

Investment Costs: Heating and Cooling System 880,000 € 2,480,000 €

Annual Operating Costs: Heating 5,100 € 5,100 €

Annual Operating Costs: Cooling – Energy 1,820 € 13,100 €

Annual Operating Costs: Cooling – Operation and Maintenance 730 € 2,100 €

Total Cooling 2,550 € 15,200 €
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In addition to accessible and richly ilustrated explanation 
of the principles of thermally active surfaces, the 
book features ten key case study examples that help 
archietcts understand the implementation and practice 
of thermally strategies that match human physiology. 
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Sustainability is the pervasive buzzword in any
conversation about twenty-first-century building.
But just how sustainable must a building be 
to earn that sought-after designation? How 
must architects reconsider the entire design 
process to achieve this important goal? Taking 
sustainability to the next level, the emerging 
practice of integrated design provides the 
strategies to achieve high performance, low 
energy consumption, and cost-effectiveness 
through careful ground-up consideration of how 
the program, siting, design, materials, systems, 
and products of a building connect, interact, 
and affect one another. This approach eschews 
specialists working in isolation in favor of 
solutions that are greater than the sum of
their parts.

Integrated Design in Contemporary 
Architecture takes a comprehensive look at 
projects that exemplify current approaches
to this exciting new field. From museums to 
residences, from office buildings to universities 
and yoga centers, this book showcases twenty-
eight examples of integrated design that cut
across building types, budgets, climates, and 
locales. Drawings, diagrams, and photographs 
illustrate how the many disciplines involved 
in the building process work together to 
create sustainable spaces that acknowledge 
architecture’s critical role in our shared global 
community, economy, and ecosystem.

Kiel Moe is an assistant professor at the 
School of Architecture, Northeastern 
University.

Also available from
Princeton Architectural Press

Materials for Design
Victoria Ballard Bell and Patrick Rand
978-1-56898-558-9
 “When a material is used in new and unexpected 
ways, or where its characteristics are presented in 
an unconventional condition, the level of design is 
raised.”

Detail in Process
Christine Killory and René Davids
AsBuilt series
978-1-56898-718-7
 “If engineering is revolutionizing the field of 
architecture with new forms that . . . extend its 
possibilities, architects are beginning to think more 
like engineers, focusing less on symbolic expression 
and more on exploiting the design opportunities 
presented by building type, user needs, climate,
and location.”

Details in Contemporary Architecture
Christine Killory and René Davids
AsBuilt series
978-1-56898-576-3
 “The twenty-five projects included in this first issue 
add a dimension to the way American architecture 
and architects are perceived by the general
public and present solid evidence that the most 
recent renewal of architecture in America is well 
underway.”

Liquid Stone: New Architecture in Concrete
Jean-Louis Cohen and G. Martin Moeller
978-1-56898-570-1
 “This book takes stock of what seems to be a moment 
of unprecedented creativity in concrete construction 
by assembling contributions from engineers, 
architects, and historians involved in the current 
renaissance of the material.”

Transmaterial 2: A Catalog of Materials that
Redefine Our Physical Environment
Blaine Brownell
978-1-56898-722-4
   “As this volume hopefully demonstrates,
Transmaterial is a living, evolving project with a 
few simple goals: heighten awareness about new 
materials and technologies, provide tools to access 
and use these materials and technologies, and 
affect positive change via enhanced design and 
construction.”

Image credit
Front and back cover:
The Rose + Guggenheimer Studio

Jacket design: Arnoud Verhaeghe
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interact, and affect one another. This approach eschews 
specialists working in isolation in favor of solutions that are 
greater than the sum of their parts.

Integrated Design in Contemporary Architecture takes a 
comprehensive look at projects that exemplify current 
approaches to this exciting new field. From museums to
residences, from office buildings to universities and yoga 
centers, this book showcases twentyeight examples of 
integrated design that cut across building types, budgets, 
climates, and locales. Drawings, diagrams, and photographs
illustrate how the many disciplines involved in the building 
process work together to create sustainable spaces that 
acknowledge architecture’s critical role in our shared global
community, economy, and ecosystem.

Kiel Moe, Integrated Design in Contemporary 
Architecture. New York: Princeton Architectural Press (2008).
[single author book publication]

Sustainability is the pervasive buzzword in any conversation 
about twenty-first-century building. But just how sustainable 
must a building be to earn that sought-after designation? 
How must architects reconsider the entire design process 
to achieve this important goal? Taking sustainability to 
the next level, the emerging practice of integrated design 
provides the strategies to achieve high performance, low 
energy consumption, and cost-effectiveness through careful 
ground-up consideration of how the program, siting, design, 
materials, systems, and products of a building connect, 34 35 

t o p,  m i d d l e :  Sunshade 
operations
b o t t o m :  Renovated 
apertures
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t o p :  Wall sections
b o t t o m :  Renovated 
apertures
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Addition exploded systems

o p p o s i t e

Renovation exploded systems
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t o p :  Section renovation and 
addition
b o t t o m : Renovation interior

o p p o s i t e

Renovation and addition 
collages
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Lovejoy Building 
Portland, Oregon

o p s i s  Architecture, Portland, Oregon

architect and owner: Opsis Architecture
structural engineer: d c i  Engineers
mechanical engineer: Interface Engineering
electrical engineer: James D. Graham & Associates
telecom consultant: Mark Day & Associates
electrical subcontractor: Greenway Electric
mechanical subcontractor: Hunter Davisson
sustainability consultant: Brightworks
general contractor: Gray Purcell
finish contractor: Shipman Construction
steel fabrication: Madden Fabrication
window provider: j e l d -w e n

The project is l e e d  Gold certified and the addition 
is designed as l e e d  Platinum.

The Lovejoy Building in Portland, Oregon, is a renovation of 
the �9�0 Marshall Wells Stable Building, a brick masonry 
building in Portland’s northwest “Slabtown” area served by 
Portland’s downtown streetcar system. The building houses 
the offices of Opsis Architecture on the upper floor and a 
sports apparel company on the lower floor. The architects 
have begun work on an expansion and vertical addition to 
the building, as well, that accommodates the growth of both 
tenants. The initial renovation strategically anticipates the 
future addition.

The renovation by and for the architects’ office is 
essentially a laboratory of various techniques that apply to 
integrated design in all their work. The experiments abound. 
Bricks that were extracted to enlarge the window opening 
for more daylight are used in the garage as porous pavers 
that allow leakage from bikes and cars to trickle back into 
the ground. Twenty photovoltaic panels on the roof generate 
2,400 watts of electricity for the office’s use. However, 
many of the strategies are less visible but yield greater 
effects.

The retrofit of the existing �9�0 load-bearing brick 
structure required a major seismic upgrade. The architects 
used the renovation as an opportunity for an integrated 
response to advanced structural upgrades, enhanced user 
thermal comfort, and improved energy performance. The 
solution was to add to the thermal mass of the building with 
new poured-in-place, high fly-ash concrete perimeter walls 
and a new concrete floor system. An in-floor cross-linked 
polyethylene ( p e x )  pipe hydronic system was selected to 
provide the building’s primary heating and cooling system, 
coupled with an integrated natural ventilation strategy 
using windows, skylights, and ventilators. In the winter, 
water runs through the thermal mass, creating a stable 
temperature range and maximizing user comfort while 

introducing heat low in the space. Fan noise and air drafts 
have also been eliminated. In the summer, radiant cooling is 
provided through two primary strategies. The renovation is 
designed for a night purge with ventilation that exchanges 
the heat gains of the previous day with cool night air, 
leaving the space cool for the next morning. The radiant 
slab system is also employed in the cooling activities by 
collecting heat out of the slab, running the water through a 
rooftop chiller where the heat is evacuated, and then cool 
water is returned back though the in-slab piping system. 
The cooling cycle operates with a significantly tighter 
temperature delta, requiring closer pipe spacing, and 
includes monitors to hold the dew point below the point 
of condensation. The radiant-cooling strategy significantly 
lowers the operative temperature that a body perceives, 
and the system performance has been enhanced by the 
inclusion of user-controlled ceiling fans throughout the 
space. The radiant strategy requires significantly less space 
for equivalent heating and cooling, minimizing material and 
energy-intensive forced-air systems. Radiant strategies also 
have the benefit of less recirculated air, further improving air 
quality and human comfort.

Other strategies include milling extracted wood joists 
for reuse as stair risers and treads. Various low-flow 
plumbing fixtures were specified to not only lower water 
consumption but also offer an opportunity to directly test 
their performance and durability. The office space was 
modeled for uniform natural balanced daylight using a 
heliodon as a lighting laboratory. Although daylighting and 
operable windows constitute the primary energy systems, 
power-operated systems are controlled by a building 
management system and sensors. The digital system 
modulates lighting according to levels, with zoned photocell 
sensors located on the open office ceiling. Automated 
sunshades on the west face of the building are controlled by 

Physical context

o p p o s i t e

t o p :  Interior photo collage
b o t t o m :  Renovated exterior at night
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photocells set to an astronomical clock and block unwanted 
light and heat gains. Carbon dioxide sensors in the office 
help control the amount of required ventilation in the space. 
Ceiling fans are located throughout the open studio and 
improve human comfort perceptions with less energy and 
sound than typical forced-air systems.

The renovations were designed with a proposed 
addition in mind. Renovation skylights were placed where 
proposed structural columns will be located and the 
skylights are then to be reused in the addition roof. In 
other cases, steel columns have already been placed to 
receive the new proposed structural columns. The new 
additions will double the size of the original building. The 
addition extends the logic of the air, water, light, and heat 
energy strategies of the renovation, using a new stair core 
as a buoyant stack. A vegetated roof and water cistern 
will manage stormwater on site. In both the renovation and 
addition, the integrated design focuses on the integration 
of an existing building’s inherent qualities for a “structural 
solution.” There is an assumption in this approach that 
the material, energy, and water available on any given site, 
including that embedded in existing buildings, is sufficient 
for human comfort and compelling spaces.

Renovation process 
and plans

o p p o s i t e

Interior views
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Declaration of Responsibility: 
I have personal knowledge of the nominee’s responsibility for the exhibit listed above, which included primary responsibility for book authorship.  Jennifer Thompson, Editor | Princeton Architectural Press, Hudson, New York
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Gleneagles Community Center
West Vancouver, British Columbia

Patkau Architects, Vancouver, British Columbia

architect: Patkau Architects: John Patkau, Patricia
Patkau, David Shone, Omer Arbel, Greg Boothroyd, 
Joanne Gates, Samantha Hayes, Patrick O’Sullivan, 
Craig Simms, Nick Sully 
structural engineer: Fast and Epp
mechanical and electrical engineer: Earth Tech 
Canada
landscape architect: Vaughan Landscape Planning 
and Design
civil engineer: Webster Engineering
signage: Gallop/Varley
code consultant: Gage-Babcock and Associates
audio visual: Mc Squared System Design Group
client: District of West Vancouver
photography: James Dow
project manager: Maurice J. Ouellette Consulting
specifications: Morris Specifications

The Gleneagles Community Center contains fitness, child 
care, art, gymnasium, and administrative facilities. The 
design integrates site, construction, and energy systems 
to help shape its architecture. The section of the building 
modified the cross-slope existing grade, creating two at-
grade entrances at different levels on opposite sides of the 
building. The extended slope of the roof creates a deep, 
shaded porch that blocks heat gain and glare, which can be 
a problem in gymnasiums.

The concrete walls use tilt-up construction. The 
concrete used 26 percent fly ash in its mix. This reduced 
the carbon dioxide emissions for the concrete by 1,157 
tons. These walls resolve the lateral structural forces of 
the building, but are also integral to the building’s heating 
and cooling strategy. Cast into the walls are 6.8 kilometers 
of hydronic tubing. The floors and walls are thus thermally 
active surfaces, as well as structural. These surfaces serve 
as the building’s heating and cooling system. This system is 
based upon the Swiss batiso system, a heating and cooling 
strategy based upon control of surface temperatures rather 
than air temperatures. The minimal amount of forced air is 
designed only for fresh air displacement ventilation with 
no heating or cooling requirements. In this configuration, 
the mean radiant temperature of the thermal masses is the 
controlling system that provides a comfortable operable 
temperature. The primary energy source for this building is 
a heat pump supplied by a shallow ground loop geothermal 
system embedded in the adjacent parking lot.

The building section channels and captures buoyant 
air at its peak. Air heat exchangers capture the heat from 
the exhaust air to preheat the low-velocity displacement 
ventilation air when necessary. The project also includes a 

small heat exchanger in a meeting room on the southeast 
corner of the building that captures morning sun and warms 
this small room. Since the architecture surfaces are the 
primary heating and cooling device and thus not dependent 
upon air volume temperature, doors and windows can 
be open at any time without compromising the system’s 
performance.

Roof stormwater drainage is captured and channeled 
by a trough at the lower edge of the roof that catches water 
from the gutter above. The parking lot uses pervious paving 
and grading that directs water to a bioswale. Both of these 
systems feed into a sequence of constructed wetlands in 
the adjacent golf course that slow and filter site stormwater 
before entering the adjacent and important salmon habitat 
watershed. One hundred percent of the stormwater is 
managed on site.

Site plan

o p p o s i t e

Exterior views
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The building section also modulates light patterns. 
The large roof and overhang blocks direct light from the 
gymnasium, allowing a generous glazed wall on its edge 
for diffused daylight and visual connections to the outside. 
All primary programmed spaces enjoy access to daylight, 
saving superfluous electrical loads and heat gain. The 
integrated strategies pursued in this building make sense 
from energy and construction standpoints but they are 
primarily deployed in service of an open and durable 
community program.

Plans

o p p o s i t e

t o p :  Lateral sections
b o t t o m :  Gym interior
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t o p :  Energy diagram
b o t t o m :  Café overlooking 
gym

o p p o s i t e

Multi-purpose room
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Pittsburgh Glass Center
Pittsburgh, Pennsylvania

Davis Gardner Gannon Pope Architecture, Pittsburgh, Pennsylvania

architect: Davis Gardner Gannon Pope Architecture, 
with Bruce Lindsey, Architect
mechanical engineer: Tudi Mechanical Systems
plumbing engineer: Apex Plumbing
landscape architect: LaQuatra Bonci Associates
consulting engineer: Q-Dot: Michael Kokayko
environmental building consultant: Clearview Project 
Services Company
environmental building consultant: Sustainaissance 
International
This project is l e e d - n c  Gold certified.

The Pittsburgh Glass Center is an educational center for 
the glass arts. For their new 18,500-square-foot facility, the 
architects added a small circulation bar along the building’s 
east side to the adaptive reuse of an existing masonry shell. 
Reuse is a dominant theme throughout the project and is 
central to its approach to integration. Material and energy 
inherent in the existing building are reused thoroughly 
in the project to minimize its total embodied energy and 
energy consumption. Like other projects, this is as much 
an economic impetus for a non-profit as it is an ecological 
impetus.

A key material that is salvaged from a different building 
is the corrugated glass facade. The material, its aluminum 
frames, and its hardware came from the renovation of a field 
house at Slippery Rock University, just north of Pittsburgh. 
In this case, the design of the de-installation of the salvaged 
material is as important as its installation in the new facility. 
This material clads the new circulation bar, providing an 
emblematic face to the building and pulling circulation out 
of the existing building and thereby maximizing its flexibility 
for adapting to future programs. Likewise, materials in this 
space, and throughout the building, use exposed fasteners 
and conduits that engender other types of adaptation as 
the needs and programs of the building change. This space 
contains radiant heating in the floor slab that modulates the 
operative temperature in the space against the heat loss 
of the glass envelope. Daylight in this and other spaces 
pervades the building. Eighty-two percent of the building is 
day lit with north-facing roof monitors, borrowed light from 
the corrugated glass-enclosed circulation bar, and direct 
side lighting.

The program—the production of glass works—is 
inherently energy intensive. Here heat produced in the 
production of glass is recovered and used to heat the 
building. A hydronic system exchanges heat from the 
hotshop kilns to smaller air handling units throughout the 
building. Air to air exhaust exchangers are also used in 

typical occupancies such as classrooms and offices. The 
offices use a simplified form of displacement ventilation 
located beneath work layout tables. The intense heat of the 
hotshops exaggerates the buoyancy of air in the building, 
providing excellent exhaust air flow. Supply side ventilation 
occurs through operable windows on the lower floor of 
the circulation bar and through the large glazed garage 
doors on the upper floor of the bar. To achieve this, the 
whole building is designed and classified as an atrium 
with connected hallways. This obviates the need for fire 
closures and dampers between adjacent spaces that 
would otherwise block the air and light patterns. Variances 
required this arrangement as a mixed-use code situation, 
as were additional fire sprinklers and fire-control systems.

Throughout this building, integrated design is 
characterized by an ambitious modesty that integrates the 
past, present, and future material functions of the building. 
The approach collapsed several material and energy 
systems into fewer physical, architectural systems. The 
mass of the existing building and the new construction are 
thermally active both as mechanical systems and as mass. 
The result is an intelligent, active, and durable sparseness 
that openly receives its program.

Site Plan

o p p o s i t e

t o p :  Renovated plans
b o t t o m :  Building and courtyard/lot
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t o p :  Air, light, and people 
circulation space
b o t t o m : Section at stair 

o p p o s i t e

t o p l e f t :  New stair
t o p r i g h t :  Street elevation
b o t t o m :  Entry view 
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t o p l e f t :View of glass 
studio
t o p r i g h t :  Glass furnace 
energy capture
b o t t o m :  First floor air flow

o p p o s i t e

Airflow diagrams
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Sidwell Friends School Middle School Renovation and Addition
Washington, D.C.

KieranTimberlake Associates

architect: KieranTimberlake Associates: Stephen Kieran, 
Design Partner; James Timberlake, Design Partner; 
Richard Hodge, Project Manager; Amy Floresta, Project 
Manager; Casey Boss, Project Architect; Sam Robinson, 
Project Architect; Project Team: Steven Johns, Jeff 
Goldstein, Snezana Litvinovic, Benita Lee, Paul Worrell, 
Marceli Botticelli, Gavin Riggall, Isaiah King, Jonathan 
Ferrari, Seth Trance, Gabriel Biller, Tricia Stuth, Rod Bates, 
Karl Wallick, Richard Seltenrich, Nick Wallin, Brian Carney
structural engineer: c v m  Structural Engineers
mechanical, electrical, and plumbing engineer: Bruce 
E. Brooks and Associates
landscape architect: Andropogon
civil engineer: v i k a

lighting: Sean O’Connor Associates Lighting 
Consultants, and Benya Lighting Design
acoustical: Shen Milsom and Wilke
interior designer: KieranTimberlake Associates
wetland consultant: Natural Systems International
sustainable design consultants: GreenShape and 
Integrative Design Collaborative
exterior envelope consultants: Simpson Gumpertz 
and Heger
information display consultant: Lucid Design Group
general contractor: h i t t  Contracting
This project is l e e d  Platinum certified.

The 70,000-square-foot Sidwell Friends Middle School 
Addition and Renovation project in Washington, D.C., 
integrates an outmoded instructional facility, new instruction 
spaces, a teaching garden, and the energy available on 
its site. The landscape is the primary capture and channel 
device in the project. It collects people, light, and water as 
interconnected systems. Vegetated roofs collect, filter, and 
direct stormwater to a cistern and channel it to a biology 
pond that will host native species. Gray water from the 
building is also collected, treated, and then channeled 
through the small constructed wetland. This wetland 
decomposes microorganisms from the building gray water 
as it courses through the terraced configuration, responding 
to the site topography. The vegetated roof also functions 
as a container garden for students and roof-mounted 
photovoltaic panels will also be visible. The panels will 
supply about 5 percent of the building’s electricity. There 
is a deliberate attempt to make these systems visible to the 
students where possible.

The building, the site, and their systems are organized 
by the path of the sun, seen here as the primary source of 
energy for the project. The building maximizes daylight while 
minimizing solar gain with the metal, horizontal solar-control 
devices and vertical wood solar-control cladding systems 

facing the landscape. The western red cedar wood for the 
solar-control system is reclaimed from one hundred-year-
old wine casks and was designed and fabricated off-site 
as integrated panels. These vertical wood slats face the 
building’s eastern and western exposures. The south-facing 
solar-control devices are horizontal and optimize solar 
shading.

Solar chimneys punctuate the roof line of the new 
construction. South-facing glazing at the top of the solar 
chimney heats up the surface and air of the chimney. The 
chimneys induce air flow through the classroom spaces with 
cooler air, from the north side of the new building, drawn to 
the chimneys by the heated air. The chimneys are designed 
to work in both power and nonpower operated modes. The 
narrow dimension of the single loaded floor plate works well 
for both the ventilation and daylighting of the classrooms. 
A series of light shelves line the south-facing corridor and 
bounce light toward the north-facing classrooms. The result 
is ample, diffused light for the classroom spaces.

Throughout the project the various integrated systems 
are didactically exposed and presented as an educational 
implement. The building’s systems constantly make connec-
tions between local, immediate phenomenon and regional 
and global phenomena. The school sees numerous ways 
to integrate the building’s performance with its curriculum, 
sensitizing the students and perhaps affecting their deci-
sions as future citizens and policy makers.

Site plan

o p p o s i t e

Entry view
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t o p :  Solar control
b o t t o m : Solar-control panel 
types

o p p o s i t e

t o p :  Plans
b o t t o m :  Eastern view
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t o p :  Water retention and 
treatment diagram
b o t t o m :  Building capturing 
water, people, light, and air

o p p o s i t e

t o p :  Water filtration diagram
b o t t o m :  Courtyard view
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ITS STACK HOUSE                                 
Granite, Colorado

Kiel Moe, AIA, Co-Designer & Builder, 2008

This project is one of nine design and build 
projects on the same site. This small building 
is used as a yoga studio, a painting studio, 
and a performance space for family and friend 
recitals, plays, and readings. Situated atop a hill 
surrounded by the Collegiate Peak mountains in 
central Colorado. Overlooking the Arkansas River 
Valley, the building captures several significant 
views of the adjacent landscape. 

2009 North American Wood Council Design Honor 
Award
2009  American Institute of Architects Colorado 
Design Honor Award
2009  American Institute of Architects Denver 
Design Merit Award

Declaration of Responsibility: 
I have personal knowledge of the nominee’s responsibility for the exhibit listed above, which included primary responsibility for design and construction.  Ron Mason, FAIA, Owner/Client  | Anderson, Mason Dale Architects, Denver Colorado
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NET CARBON SEQUESTRATION -8585.59 kgCO2 eq.

timber %

GLAZING 409 kgCO2BITUMEN 80 kgCO2 TIMBER 2,454 kgCO2STEEL 4,134 kgCO2OTHER WOOD 1,052kgCO2CONCRETE 869 kgCO2

784.00 18,032.00 22.20 8,179.18 16,358.36 2,453.75
99.52 2,817.93 2.82 1,278.19 9,458.62 575.19
45.06 1,592.36 1.28 722.28 7,484.08 476.49
47.00 5,148.64 1.33 2,335.39 31,761.24 4,133.63
99.00 14,850.00 2.80 6,735.85 6,399.05 868.92
7.38 1,062.00 0.21 481.72 7,225.73 409.46
6.62 238.92 0.19 157.36 2,346.99 79.68

1,088.57 43,741.85 30.82 19,889.96 81,034.06 8,997.13

Timber Global Equivalent Carbon Sequestration2 -792 kgCo2eq./m -17582.72 kgCO2 eq.

Other materials
totals

Material1 

Carbon and Energy Sink

Timber
Lumber
Plywood
Steel
Concrete
Glazing

3

33

(CARBON SINK CAPACITY)

-8,585.59 kg·CO2 EQ. GWP SURPLUSSURPLUS

Wood

Spruce

1000

100
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1

0.1

0.01

Th
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ct
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, λ
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/m
.K

)

Thermal Diffusivity, a (m2/s)
10-8 10-7 10-6 10-5 10-4

High Volumetric
Specific Heat

Low Volumetric
Specific Heat

Thermal Conductivity - Thermal Diffusivity (room temperature)

Stainless Steels

Titanium Alloys

Stone

Concrete

Brick

Carbon Steels

Copper Alloys

Aluminum Alloys

Rigid Polymer Foams

Flexible Polymer Foams

Ceramics

Metals

Foams

106

107

105

λ
a

Volu
metr

ic S
peci

fic 
Hea

t  ρ
C p 

(J/
m
3 .K)

The construction system utilizes 6x8 spruce timbers for the structure, 
insulation, finish materials, and enclosure of the walls and floor. The roof 
is a ruled surface that pitches water and snow to a single scupper on 
the east wall. This roof also gives the ceiling an asymmetrical belly that 
casts light and sound about the interior. The unique thermal conductivity 
and thermal diffusivity of the spruce timbers is used in the summer and 
the winter to modulate the thermal swings of the climate and seasons; 
a thermally active surface approach with no energy input other than the 
sun.
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Too often, accounts of the carbon associated with timber building 
remain focused on the carbon sink potential of primary building 
material substitution. When designers substitute wood for 
concrete or steel, ambiguous claims about carbon sequestration 
often abound in their descriptions of the resulting design 
(generally by invoking vague, often uncited carbon equivalent 
values). But by tracking the carbon dynamics of the varied 
material systems – as opposed to the materials themselves – an 
account of the total mass of the wood system provides a more 
complex and specific account of the carbon involved.

Construction System Region Miles

Volume 

(ft3)
Volume 

(m3) Notes
Density 

(kg/m3) 1 Mass (kg)

CLT - Montana Inland Northwest 1007 1026.7 29.1 calculated based on 5-layer CLT 499  14507
 CLT - Oregon Pacific Northwest 1294 1026.7 29.1 calculated based on 5-layer CLT 500  14536

CLT - British Columbia Pacific Northwest 1363 1026.7 29.1 calculated based on 5-layer CLT 510  14827
CLT - Quebec Northeast-Northcentral 2291 1026.7 29.1 calculated based on 5-layer CLT 515  14972

Air-dryed Stacked Timber Local 74 1082.7 30.7
calculated based on 8x8 to keep 
construction volume equivalent 385  11803

KD Lumber Framed Inland Northwest 1007 473.0 13.4
2x6 studs, plywood, rainscreen, 
and 2x10 floor joists

413  5532

Stackhouse Production Strategies

Construction System

Cumulative Energy 

Requirements (MJ/m3) 2,3

Embodied 
Energy (MJ)

Embodied 
Carbon (Mg) 4

Equivalent 
(Mg CO2e) 5

CLT - Montana 5337 155157 7.18 26.33
 CLT - Oregon 5349 155506 7.20 26.38

CLT - British Columbia 5349 155506 7.34 26.91
CLT - Quebec 5375 156262 7.41 27.17

Air-dryed Stacked Timber 573 17567 5.90 21.64

KD Lumber Framed 3189 42713 2.77 10.14

Production Energy, Carbon and CO2 e

Construction System

Solar 
Transformitie

s (sej/g) 6

Product 
Emergy (sej)

Transport 
Transformities 

(sej/tonne-km)
Transport 

Emergy (sej) Total Emergy (sej)

Percentage of 
Emergy from 

Transport
Renewable 

Emergy

CLT - Montana 2.96E+09 4.30E+16 6.60E+11 1.55E+16 5.85E+16 27% 73%
 CLT - Oregon 2.97E+09 4.32E+16 6.60E+11 2.00E+16 6.31E+16 32% 68%

CLT - British Columbia 2.97E+09 4.40E+16 6.60E+11 2.15E+16 6.55E+16 33% 67%
CLT - Quebec 2.98E+09 4.47E+16 6.60E+11 3.64E+16 8.11E+16 45% 55%

Air-dryed Stacked Timber 3.18E+08 3.75E+15 6.60E+11 9.28E+14 4.68E+15 20% 80%

KD Lumber Framed 1.77E+09 9.79E+15 6.60E+11 5.92E+15 1.57E+16 38% 62%

Emergy - transformities from TheHierarchies of Energy in Architecture

Method 2

Construction System Miles km MJ/m3km  7 MJ

Percentage of Total Embodied 
Energy in Transport to 

Building Site kgC/m3km 8

Transport
 (Mg C)

Percentage of 
Carbon from 

Transport 
Conversion 

(Mg C02e)
Fossil Fuel CO2 

(Mg
 

C02e) 9

Net Mg C02e 
Sequestered 

(method 2)
Percentage of  CO2e in Freight Transport 

(Mill to Site using method 2)

%8135.12697.407.3%41800.14120.0%74.7031142.012617001anatnoM - TLC
%3212.02571.657.4%81692.14120.0%90.0354142.028024921nogerO - TLC 
%5282.02436.600.5%91563.14120.0%018.4035142.049123631aibmuloC hsitirB - TLC
%1419.51062.1 114.8%13492.24120.0%611.5275242.078631922cebeuQ - TLC

%153.12782.092.0%1870.04120.0%53.67842.091147rebmiT dekcatS deyrd-riA

%8113.8928.107.1%71564.04120.0%215.902542.012617001demarF rebmuL DK

Results

Transport
Method 1

notes: 
7. Manufacturing-to-building site basis based on road transportation values from Table 3 of Puettmann, Maureen E. and James B. Wilson. "Life-Cycle Analysis of Wood Products: Cradle-To-Gate LCI of Residential Wood Building Materials". Wood and Fiber Science 37 
CORRIM Special Issue (2005): 23. Road transportation is roundtrip with empty back-haul. 

8. Carbon emissions factor from Healey, Sean P et al. "Changes in Timber Haul Emissions in the Context of Shifting Forest Management and Infrastructure". Carbon Balance Manage 4.1 (2009): 6.

9. Fossil fuel CO2e based on World Resources Institute (2015). GHG Protocol tool for mobile combustion. Version 2.6.

notes:
1. Density information derived from manufacturer product data sheets,  http://www.wood-database.com/lumber-identification/softwoods/engelmann-spruce/ 
and Puettmann, Maureen E. et al. "Cradle-To-Gate Life-Cycle Inventory of US Wood Products Production: CORRIM Phase I and Phase II Products". Wood and Fiber Science 42 CORRIM Special Issue (2010): 15-28

notes:
2. CLT energy requirements were estimated based on Pacific Northwest glulam production and resin energy values, 4,650 and 409 MJ/m3 respectively, 
(Table 4) from Puettmann, Maureen E. et al. "Cradle-To-Gate Life-Cycle Inventory of US Wood Products Production: CORRIM Phase I and Phase II Products". 
Wood and Fiber Science 42 CORRIM Special Issue (2010): 23. Harvest and transportation energy requirements were selected based on region Table 6 from Puettmann, Maureen E. et al. (2010).

3. For air-dryed stacked timber, used Pacific Northwest green lumber production values (Table 4) from Puettmann, Maureen E. and James B. Wilson. 
"Life-Cycle Analysis of Wood Products: Cradle-To-Gate LCI of Residential Wood Building Materials". Wood and Fiber Science 37 CORRIM Special Issue (2005): 23. 
These production values were combined with the Inland Northweset harvesting and transportation values from Table 6 of Puettmann, Maureen E. et al. 2010.

4. Embodied carbon = mass x fraction of wood content x specific carbon content (see USDA Forest Service. Methods for Calculating Forest Ecosystem and 
Harvested Carbon with Standard Estimates for Forest Types of the United States. Newtown Square, PA: USDA Forest Service, 2006.)

5. To calculate CO2e multiply the carbon content by the atomic mass of CO2 (44/12)

notes:
6. Solar transformities for lumber from Srinivasan, Ravi and Kiel Moe. Hierarchy of Energy In Architecture. London: Routledge, Taylor and Francis, 2015, 
were modified based on the cumulative energy requirement divided by the cumulative energy requirement of Inland Northwest southwood kiln-dryed lumber, 3189 MJ/m3.  
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and Oliver Curtis

Too often, accounts of the 
carbon associated with timber 
building remain focused on the 
carbon sink potential of primary 
building material substitution. 
When designers substitute wood 
for concrete or steel, ambiguous 
claims about carbon sequestra-
tion often abound in their de-
scriptions of the resulting design 
(generally by invoking vague, 
often uncited carbon equiva-
lent values). But by tracking the 
carbon dynamics of the varied 
material systems – as opposed 
to the materials themselves – an 
account of the total mass of the 
wood system provides a more 
complex and specific account of 
the carbon involved. 

To grasp a more comprehen-
sive account of timber carbon 
cycles, total production energy, 

carbon storage, and carbon 
equivalence – as well as the 
associated emergy dynamics 
of various wood construction 
systems – consider a small tim-
ber building in the high country 
of Colorado. The building (the 
“Stackhouse”), constructed 
with a single layer of stacked 
6x8 Engelmann spruce timbers 
from the Arkansas River Valley 
in central Colorado, offers a 
simplified construction for study, 
which affords a more focused 
account of its associated car-
bon and other ecological out-
comes. Here the actual method 
of construction is compared with 
other construction typologies, 
such as cross-laminated timber 
and conventional lumber and 
sheathing framing. After account-
ing for the harvesting locations, 

production sites and processes, 
and transportation of the timber, 
and the ratios of renewable and 
nonrenewable energy for each 
system as a whole, the swing 
in ecological efficacy is sub-
stantive. As one might imagine, 
the magnitude of the difference 
in carbon outcomes would be 
amplified in larger buildings, with 
a corresponding spectrum of im-
pacts on the energy, carbon, and 
environmental dynamics that are 
inextricable from building.

The aim of design in open 
ecological and thermodynamic 
systems is never as simple as 
just specifying a lower carbon 
material or a material that se-
questers carbon. Fortunately, 
the ecological and architectural 
potential of design and material 
specification is much greater 

6x8 Spruce Timbers

1x6 SYP T&G Cladding
R19 Batt Insulation

2x6 SPF Lumber Framing
1/2” Plywood

30lb. Building Paper
2x4 Pressure Treated Nailers

2x6 SYP Rainscreen Cladding

Stick

Stack

CLT

5 Layer CLT Panel

Stackhouse systems carbon comparison: CLT, Stack, Stick
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than that. Ecological design and 
specification point toward new 
types of practices and possibly 
new forms of agency for design-
ers. Cunning designers will soon 
emerge and step into this more 
complex and nuanced set of 
practices, which are inherent to 
building and are easily trackable 
in the case of timber building. The 
multivariate training of designers 
would create a strong basis for 
the multidisciplinary, non-expert 
context of timber building.

To illustrate these points, a 
comparative study was con-
ducted of the aforementioned 
Stackhouse to understand the 
varied impacts of alternative 
construction typologies. This 
study offers responses to these 

questions: How would changing 
the construction typologies for 
this building alter the ecological 
metrics? What might the impact 
of mill-to-site transportation be?

To begin, a brief note should 
be made regarding the regional 
nature of softwood lumber har-
vesting in North America. This is 
important because although for-
ests abound, commercial lumber 
production is concentrated within 
specific regions. To minimize the 
hauling of moisture-laden logs, 
primary processing, such as 
milling, drying, and in this case 
lamination, is ideally located in 
proximity to the harvest sites. 
Consequently, the locations of 
cross-laminated timber facilities 
are currently some distance from 

the Stackhouse site. Given this 
spatial distribution, various avail-
able cross-laminated timber pro-
ducers were chosen to demon-
strate the range of possibilities. 
While new production facilities 
will inevitably emerge throughout 
the continent, the need for pru-
dent assessment of the specific 
carbon dynamics related to the 
specifications of material for con-
struction remains. 

The conversion of a tree 
to a building product, even a 
ubiquitous wood stud, involves 
multiple steps. The work of this 
conversion is represented in the 
embodied energy and product 
emergy columns of the Stack-
house Carbon Table. The embod-
ied energy numbers are adapted 

Local

Distances

Montana

Oregon

British Columbia

Quebec

Granite, CO

Local

Oregon

British Columbia

Montana

Quebec

Stackhouse CLT material geographies: sources and routes

from a cradle-to-gate analysis 
by the Consortium for Research 
on Renewable Industrial Mate-
rials (CORRIM). This multiyear 
analysis was conducted in two 
phases and used primary data 
from wood producers to produce 
aggregate regional values that 
cover the harvesting, transpor-
tation to mill, and manufacturing 
stages.1 Regional variations 
are inclusive of species-specif-
ic properties such as moisture 
content at harvest, average 
harvest-to-mill haul distance 
variations, and the composition 
of the fuel sources in the electric 
grid. Embodied energy data has 
been distilled into megajoules 
per square meter for quantitative 
comparisons. Using the wood 
volumes, species densities, and 
mill-to-site haul distances, it is 
possible to derive substantive 
information on the respective cy-
cles of carbon storage and em-
bodied energy for each construc-
tion system, especially regarding 
the renewable emergy and the 
ratio of renewable emergy to total 
emergy associated with each 
construction system. 

To calculate the final carbon 
stored, two methods were used: 
a simplified approach using a 
transportation factor from Healey, 
et al. (2009), and the World Re-
sources Institute mobile combus-
tion tool.2 Freight transportation 
is assumed under both methods, 
which is consistent with direct 
shipping. The World Resourc-
es Institute mobile combustion 
tool isolates the transportation 
emissions from all three primary 
greenhouse gases – carbon diox-
ide, nitrous oxide, and methane 
– and converts them into a single 
unit, carbon dioxide equivalents, 
based on the Intergovernmental 
Panel on Climate Change (IPCC) 
2006 Guidelines for National 
Greenhouse Gas Inventories. 
The resulting values are then 
subtracted from the initial car-

bon mass, and then converted 
to carbon dioxide equivalents, to 
find the net carbon dioxide equiv-
alents sequestered. Needless to 
say, the comparison elucidates 
the not so obvious implications 
of the transportation of wood 
products over considerable dis-
tances.

Observations about carbon 
sequestration and material sub-
stitution, while very important, 
are but one example of the many 
complex dynamics that timber 
building triggers. Grasping the 
productive potential of this com-
plexity should not be set apart 
from what design could achieve 
in this context. When forestry, 
manufacturing, and transporta-
tion – to name but a few key pa-
rameters – are made intrinsic and 
more specific to timber building, 
other ecological and architectural 
possibilities emerge. As such, 
timber building is an excellent ex-
ample of how designers can aim 
for more than simply minimizing 
environmental impact, which 
many designers errantly assume 
is the only possibility. Instead, 
timber building raises the pos-
sibility of maximizing (positive) 
environmental impacts through 
design. For example, by extend-
ing this analysis further through 
cooperation among foresters and 
architects, acting as trans-scalar 
designers, it is conceivable to 
estimate how tree harvesting and 
timber buildings would increase 
overall carbon storage at the 
forest level, as well as enhance 
key aspects of biodiversity.3 If 
this construction system analysis 
were extended to forestry cycles 
more directly, then adjusting the 
intensity of harvesting in a spe-
cific place could have a carbon 
increase over time (less crowd-
ing, fire risk reduction, etc.), 
and we would be able to tend 
our forests as their composition 
alters through climate change in 
the coming decades. As anoth-

er example, the maximal use of 
wood in the Stackhouse makes 
contributions to a healthier forest 
by harvesting viable beetle killed 
spruce construction material and 
its sequestered carbon. This cre-
ates space in the local forests for 
a succeeding tree species that 
will be more resilient in the new 
mountain climate. The new trees 
will in turn continue to perform 
the essential ecological functions 
of shading, soil-slope stability, 
etc. But, again, achieving bene-
fits in both of these quick exam-
ples requires specific knowledge 
of the systemic constitution of 
construction and collabora-
tions that are not readily evident 
in conventional pedagogies, 
research methods, and design 
practices of architecture as an 
autonomous discipline. Such 
knowledge will only emerge when 
designers shift their attention 
from accounts of timber buildings 
as wood objects to accounts of 
timber building as a specific and 
specified process, designed from 
the molecular to the territorial. 
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ITS Long House                               

Halifax, VT

Kiel Moe, AIA, Lead Designer & Builder, 2015

This project is another solid timber building, in 
this case Eastern White Pine from local forests and 
mills. The Long House establishes an clear edge 
to the northern edge of a large forest meadow, 
thus capturing southern light and heat gains. The 
stacked timbers walls are reinforced, in this case, 
by the floor-to-ceiling window frames that tie the 
structure together and stiffen the walls. The plan 
typology is a dog-trot, a design that captures and 
concentrates breezes in the exterior deck space. 
The Long House is complimented by an authentic 
solid cedar Finnish forest sauna. 

Declaration of Responsibility: 
I have personal knowledge of the nominee’s responsibility for the exhibit listed above, which included primary responsibility for design and construction.  Jacob Mans, AIA. Builder | Miineapolis Minnesota
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This urban bath explores social, thermal and material 
issues in architecture. Once a gendered typology 
with symmetrical sequences for men and women, 
the spectrum of current gender nomenclatures and 
orientations demand a typological evolution of the 
urban bath house to serve a more nuanced and 
inclusive public. The evolution of this typology requires 
at once more neutrality about intimate spaces (such as 
non-gendered locker rooms) while the sauna typology 
nonetheless retains persistent typological specificity 
regarding the intricate sequence of changing, 
showering, sauna, showering, lounging, etc. 

In parallel to this social evolution of an architectural 
typology, the energetics of a bath house are highly 
suggestive of material and spatial organizations 
that transcend the additive, thin, and layered logics 
of typical architectural assemblies. Bath houses 
benefit from more massive material organizations 
that engender thermally active surfaces and spatial 
organizations that enable buoyancy-driven ventilation 
strategies with the sauna stove as a heat engine for the  
flow. This typology also affords clear exergy cascades 
and exergy matching strategies. 

When these issues converge on a urban el-shpaed 
mid-block site, the resulting architecture is a rich 
spatial-material-thermal matrix. For the bather, there is 
a material and thermal matrix from the public street to 
suana interior to the private mid-block courtyard. This 
sequence has a range fo thermal and humidity textures 
than enliven the bather’s experience in visual and non-
visual ways.  In this regard, a contemporary urban bath 
house challenges a range of architectural assumptions: 
from ideas about gender, to received habits about 
space, structure, material, air and fuel.

BATH HOUSE                                  
Portland, Maine

Kiel Moe, AIA, Lead Designer, 2021
ENTRY
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in-process construction photograph

Declaration of Responsibility: 
I have personal knowledge of the nominee’s responsibility for the exhibit listed above, which included primary responsibility for design.  Asher Woodwroth, Owner/Client | Washington Baths, Portland, Maine
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MECH.

MECH.
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SAUNA VENTILATION/
CHIMNEY

MASSAGE
ROOM
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in-process construction photograph: custom stove from Finland in-process construction photograph: sauan showers

in-process construction photograph
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Horizon House was conceived as a process 
for embracing local and seasonal qualities 
of place, providing a 360 degree view to the 
landscape, and reflecting an expanded under-
standing of ecological boundaries. Sourcing, 
lifespan, and energy implications of construc-
tion materials were incorporated by using 
salvaged or locally harvested wood products, 
even in the foundations system, reducing 
to a minimum embodied carbon impacts. 
In Horizon House the thermal experience of 
the inhabitant is linked to the surface of the 
floor, which provide both radiative heating 
and cooling using a wood stove in winter and 
underground pipe and thermal mass storage 
in summer.

Student Team: 
Carlos Cerezo Davila (MDes ‘13)
Matthew Conway (MArch I ‘15)
Robert Daurio (MArch II ‘13)
Ana Garcia Puyol (MDes ‘14)
Mariano Gomez Luque (MArch II ‘13)
Natsuma Imai (MArch I ‘15)
Takuya Iwamura (MLA ‘14)
Thomas Sherman (MDes ‘14)

HORIZON HOUSE                                  
Hokkaido, Japan 

First Prize Winner
3rd LIXIL International University 
Architectural Competition

Kiel Moe, Project Co-Advisor, 2013

Declaration of Responsibility: I have personal knowledge of the nominee’s responsibility for the project listed above as project co-advisor.  Mark Mulligan, Co-advisor | Wentworth Institute of Technoloyg, Boston, Massachusetts
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