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Preface

We are surfing the wave of a life time—a surge of energy that comes 
along once in a few trillion years perhaps. This is the relative impact 
of fossil-fuels on humanity and Earth’s ecosystems. But as empow-
ering as the wave has been—fueling the industrial revolution and 
everything we now define as the modern world—the cloud of ex-
haust in its wake is rapidly warming the Earth to deadly proportions. 
Scientists tell us we yet have the ability to solve this problem. In fact, 
this book will demonstrate that we can solve this and a few other 
problems as well, all while actually improving our livelihood. We can 
live in a vibrant neighborhood instead of a monotonous subdivision, 
and enjoy easy access to all the amenities provided by walkable, 
urban places, free from the worries of rising gas prices. We can live 
and work in “Passive House” buildings of exceeding comfort with 
nothing more than a hair dryer for a heater. And we can be happy—
even happier than we are now—without compulsively buying so 
much. We can do all these things even while we stop climate change. 
And we can ride that killer wave with grace, peacefully into shore.

This peace requires weaning modern industrial society from fossil 
fuels, and it is truly an all-encompassing issue. It requires reas-
sessment of nearly every conceivable aspect of our human activity. 
Recognizing that change must occur at a very fundamental level, this 
book focuses on the built environment—specifically where, what, 
and how we, as Americans, build. The book takes a multidisciplinary 
perspective drawn from five years of master’s studies and work 
experience in the field of energy and buildings. It draws from experi-
ence with some of the most advanced practices and understandings 
from a variety of disciplines. This document is an attempt to suc-
cinctly integrate this forward-thinking knowledge so that it may be 
of benefit to planning and building professionals with ambitions 
to realize a sound future but with limited time for such research. 
By painting a more holistic picture of this proactive paradigm shift 
away from fossil-fuels, it is demonstrated that we can realize a better 
future for America, for humanity, and for all the earth’s species.
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Introduction

“We cannot solve our 
problems with the same 
thinking we used when we 
created them.”

—Albert Einstein

We stand now at a precarious epoch in the story of humankind. After 
several thousand years of relatively slow and steady growth, fueled 
at most by wood-burning fire, humankind has in the past two-
hundred years harnessed the incredibly concentrated power of fossil 
fuels which has triggered no less than an eruption of population and 
activity. Rapid change is the hallmark of this age—ancient traditions 
fall away as local cultures and crafts respond to global industrial 
forces.

And yet, this energetic heyday will be short-lived. As growing de-
mand consumes a finite supply, fossil-fuel resources will be depleted 
as quickly as they were exploited and what will remain of them is a 
tremendous amount of atmospheric pollution that has already begun 
and will continue to warm the planet, possibly to a catastrophic 
degree depending on our present-day actions.

Indeed, we have a choice in this moment. We can shrug our shoul-
ders and resign ourselves to fate, we can grasp desperately to a 
self-righteous view and spend our time blaming others, or we can 
recognize the timeless qualities of true humanity—wisdom and 
compassion—and work to cultivate them. This is not mere rhetoric. 
It is the diff erence between proceeding with fear and anxiety or 
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unrelenting level-headed optimism in the face of certain hardship. 
Each of us has many opportunities in our daily lives to succumb to 
the status quo disinterest in our looming troubles and to allow the 
dominant paradigm to persist. Or we can face the facts and recognize 
the need for a fundamental paradigm shift in how we as humankind 
live. What to do at that point is the topic of this book—at least where 
the built environment is concerned. This book seeks to help planning 
and building professionals and policy-makers understand the clear 
priorities of a fossil-fuel exit strategy so that we can make decisive 
and eff ective corrective actions.

It has been said, “infrastructure is destiny”.1 Forward-thinking action 
within the planning and building industry is necessary because the 
present infrastructure (and structure) of our built environment 
requires abundant and aff ordable energy to function at even a primi-
tive level. Even with major lifestyle changes—wearing extra sweaters 
to keep warm and carpooling to work—significant fossil-fuel depen-
dence would remain in our existing society. Suburban housing is of 
such low density that mass transit cannot provide aff ordable service, 
and buildings are so poorly insulated that without substantial heat-
ing occupants risk hypothermia. We are not well poised to sustain 
ourselves with any sense of stability as fossil-fuel supplies become 
less and less aff ordable—much less are we in a position to volun-
tarily eliminate their use in order to redress our carbon footprint. 

This document starts by analyzing the context and values which got 
us to this point in time, and proceeds by critically analyzing two basic 
elements of the human-built environment: 

Development Pattern—where and what we build (or rebuild), and 
Building Fabric—how we build  

It seeks to paint a clear picture of what is currently wrong as well 
as concrete examples of how the situation can be reversed. While 
these two topics are at vastly diff erent scales—one being measured 

1  “A Conversation with Robin Chase” Urban Omnibus and The Infrastruc-
turist. June 10th, 2009. Retrieved October 1, 2009. http://urbanomnibus.
net/2009/06/a-conversation-with-robin-chase/
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in terms of miles and another in terms of inches—and divided into 
distinct disciplines, professionals acting at any stage will benefit by  
understanding the fundamental rethinking that is possible on all 
levels. Architects, especially, should understand the priorities at both 
scales since their work so often spans the gamut.
 
In addition, this text goes beyond the technical by also questioning 
the dominant human values which seem to have created our current 
dilemma, and recognizing that the heart of the problem as well as 
its solutions lie there. For example, energy efficiency alone does not 
necessarily decrease energy use, for it may simply allow money and 
energy to be spent elsewhere. A conserving attitude is necessary 
in addition to efficiency. But will this conserving attitude be self-
motivated or imposed upon us?

Change is inevitable. In the case of a fossil-fuel exit strategy, the 
question is whether change will come proactively or reactively. In a 
proactive scenario, building and planning professionals will take an 
active role in reversing long-standing policies which require abun-
dant energy consumption (i.e. low-density, segregated-land-use zon-
ing and insignificant energy codes). As this book will demonstrate, 
these infrastructural changes can not only reduce carbon emissions 
tremendously but also greatly improve our quality of life. Through 
such inspiring, proactive change we may yet learn to thrive without 
fossil fuels. This reversal of the status quo will not proceed without 
difficulty, but unless we put forth this eff ort, we will not sustain a 
stable future for humanity.

In a reactive scenario, we will continue to burn coal after oil is no 
longer aff ordable and by the time climate change is so disruptive 
as to be undeniable, centuries of further change will have been 
triggered and unstoppable. Having seen the impact that Hurricane 
Katrina had on the US economy, we can be sure that year by year, 
decade by decade, as droughts and flooding disrupt our agricultural 
base and devastate coastal cities, displacing millions, political and 
military struggles will mount and the global human condition will 
become dominated by suff ering. 
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For the sake of future generations, the potential depths of this hell 
should be acknowledged. 

The consequences of which of these paths we choose today—here 
and now—are tremendous (Figure1). The sooner we act, the greater 
our opportunity for peace and prosperity. Will we correct our un-
sustainable policies now, or will we pass these problems, by then 
unsolvable, on to future generations?

Boston, Massachusetts visualized with the three-meter rise Figure 1: 
in sea level which is predicted by climatologists in a business-as-usual 
scenario (simulated flood water is highlighted) (source: Architecture 
2030).
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Context

Being faced with such dire problems as climate change and fossil-fuel 
depletion, it is helpful to take a step back and understand more fully 
the trajectory which has brought us to this point. Such perspective 
can allow us to better identify the root of our problems, and better 
inform the best course of action from this point in time.

From the advent of humankind until about two hundred years 
ago—a span of millions of years—human societies were fueled pri-
marily by the sun. From agriculture to firewood, solar energy fueled 
the resources on which humankind depended. And through the ages 
human societies have learned to manage these resources through 
trial and error. At a basic level, those which maintained sustainable 
relationships with their environment continued, those which did not 
suff ered and often failed. Clive Ponting’s A Green History of the World 
reveals many examples of this process, from ancient Mesopotamia 
to medieval Europe.2 Reading these histories is humbling, and one 
realizes how foolish it is to take our modern industrialized society 
for granted. 

As it so happened, bit by bit some of the organic matter of the 
solar-driven ecosystem on earth found its way into subterranean 
reservoirs where it accumulated in great quantities over millions of 
years. The discovery of these “fossil fuels” marked a monumental 
shift in the trajectory of humankind. With this unprecedented supply 
of energy, made readily available on-demand through combustion, 
the industrial revolution quickly transformed the scale and pace of 
human industry on the earth. The impact of fossil-fuel discovery on 
human population growth could not be more profound (Figure 2). 

2  Penguin Books, 1993; Updated edition, 2007.
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“Sustainability” – What’s in a Word?

What does “sustainability” really mean? What are we trying 
to sustain? According to a popular definition, off ered at the 
1987 United Nations Bruntland Commission, “sustainabil-
ity” refers to “forms of progress that meet the needs of the 
present without compromising the ability of future genera-
tions to meet their needs”. This is helpful, but quite vague. 
After all, most Americans are not just meeting their needs, 
they’re also enjoying many luxuries that are presumed in 
our standard of living: a closet full of clothes, a refrigerator 
full of food, a home that’s heated and cooled to our desires, 
and a car to take us where we want to go. For a typical 
person in the industrialized world, all of these share a 
common root: fossil-fuel energy. And since fossil-fuel energy 
is a finite resource and its combustion is causing global 
warming its use is clearly not sustainable. “Sustainability” 
requires this kind of questioning. When we see how un-
sustainable our present lifestyles really are, it’s helpful to 
question what it is we hope to sustain: a standard of living 
or quality of life? In our modern consumerist culture, the 
two are certainly not synonymous.

The British non-profit organization Forum for the Future 
off ers another, perhaps more helpful, definition of sustain-
ability: “A dynamic process which enables all people to 
realize their potential and to improve their quality of life in 
ways that simultaneously protect and enhance the Earth’s 
life support systems”.
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Human population growth through history (source: “World Figure 2: 
Population: Toward the Next Century” Population Reference Bureau, 
1994).

With this unprecedented change, many damaging side eff ects have 
also occurred at unprecedented levels, namely the depletion of 
natural resources and the proliferation of environmental pollutants. 
The trial-and-error development of early human societies is now 
occurring on a global scale to the point that two major problems now 
confront humankind globally—climate change and peak oil.

Atmospheric pollution from the combustion of fossil fuels is causing 
more solar energy to be absorbed by the planet, causing the earth to 
warm and disrupting natural processes globally. This climate change 
currently poses a serious threat to the stability of human societies 
as well as millions of species of life. As NASA scientist James Hansen 
testified before Congress in June of 2008,

if emissions follow a business-as-usual scenario, sea level 
rise of at least two meters [six feet] is likely this century. 
Hundreds of millions of people would become refugees. No 
stable shoreline would be reestablished in any time frame 
that humanity can conceive.
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Understanding the Carbon Cycle  

Simply speaking, since the emergence of humankind until 
the industrial revolution, a rather fixed amount of carbon-
based compounds circulated throughout land, sea, and 
sky. When forests burn and decay, carbon is released into 
the air and then again “sequestered” in new plant growth. 
Oceans successively absorb and release carbon to the air, 
maintaining equilibrium. But humankind has released new 
carbon into this system in two significant ways—through 
changing land use and through the combustion of fossil 
fuels. Changing land use (i.e. deforestation) decreases the 
amount of global biomass and releases this carbon into the 
atmosphere. While planting trees does technically sequester 
carbon, it is a drop in the bucket compared to the thousands 
of square miles of deforestation which civilizations have 
already committed to gain agricultural land. Fossil fuels 
are essentially biomass which has been sequestered below 
ground for millennia. When this carbon is introduced into 
the above-ground carbon cycle, it can only again be seques-
tered by putting it back in the ground, or otherwise perma-
nently removing it from the circulating carbon cycle. In this 
regard, coal will only be “clean” when 100% of its carbon 
products are returned to the ground (not to mention the 
many toxic byproducts of coal combustion). Planting new 
biomass can never accommodate this amount of carbon. A 
conceptual diagram of the carbon cycle is shown in Figure 3.
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According to recent commentary from Robert Corell, a senior fellow 
of the American Meteorological Society, even if the world’s most 
ambitious carbon-emission reduction plans are achieved, “it gets you 
a planet that’s… 8 to 11 degrees [Fahrenheit] warmer than it is today 
by the end of this century. That’s far beyond human experience”.3 
Corell concludes that such warming will elicit a sea level rise be-
tween 3 and 7 feet (0.8-2.0 meters) by 2100.4 With just over half 
of the American population living in coastal areas (and roughly the 
same proportion globally), the consequences for humanity of such 
flooding are severe. Other species will suff er a more tragic fate: with 
an 8°F temperature rise, 40% of the species of life on earth will be at 
risk of extinction according to the United Nations’ Intergovernmental 
Panel on Climate Change (co-recipients of the 2007 Nobel Peace 
prize along with former Vice President Al Gore).5 A chart of climate 
change consequences from their 2007 Fourth Assessment Report is 
included in the Appendix.

Simultaneously, diminishing fossil-fuel supplies pose another major 
threat to the stability of industrialized societies. In the wake of peak 
oil (the point from which global available crude oil supplies dimin-
ish), industrialized infrastructures—which are founded on the cheap 
availability of oil—will become less functional. At best, economies 
and standards of living will be weakened (as was clear in America 
during the summer of 2008 when average gasoline prices rose over 
$4 per gallon), at worst they will collapse. The social ramifications 
of this are already clear—war in the oil-rich middle-east has already 
been waged under false pretenses; thousands have died in the 
fighting.

Unfortunately however, fossil-fuel resources will not expire in time to 
avoid pandemic climate change. Whereas oil and natural gas sup-
plies will soon peak, coal reserves will remain plentiful for decades 
to come (Figure 4). Therefore, while energy costs will certainly rise, 

3  National Public Radio “Morning Edition”, February 4, 2009.
4  “Climate Change and the Arctic: New Frontiers of National Security” 

Hearing before the Committee on Foreign Aff airs, House of Representatives, 
March 25, 2009.

5  United Nation Intergovernmental Panel on Climate Change. “Climate 
Change 2007: Synthesis Report” p48.
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these market forces will not be sufficient to circumvent dangerous 
climate change (commonly anticipated above 350 - 450 ppm atmo-
spheric CO2). 

Plentiful coal supplies mean that market forces will not Figure 4: 
naturally end carbon emissions in time to avoid pandemic climate 
change (source: Architecture 2030).

A fossil-fuel exit strategy is necessary. If humankind is to sustain 
itself with any sense of stability in the coming years, it will do so only 
by re-inventing its cultures and industries to rely solely on renewable 
resources. This is the next industrial revolution.

What characterizes human development is not biological evolution 
so much as cultural evolution. We have the ability to learn as individ-
uals and as societies what is required to avoid catastrophe and align 
our human activities (political, economic, religious, etc.) with such 
understandings. We can transcend self-centered and short-sighted 
views and avoid great suff ering. Rather than fall as casualties of 
self-absorption, chasing after a bigger house or better car, each of us 
can easily see that we sink or swim together, and redirect our eff orts 
toward cultural growth rather than materialistic growth. 

Yet, just like so many societies that came before us, we are pres-
ently on a dead-end trajectory. Of any country in the world, the US 
is perhaps the most committed to business-as-usual, short-term 
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profit-driven industry, an industry dependent on continued fossil-
fuel combustion, despite the truly devastating consequences. In 1997 
the Kyoto Protocol was first adopted, yet the US is the only remaining 
industrialized nation that has not ratified such commitments. The 
fourth and most recent Assessment Report of the United Nations 
Intergovernmental Panel on Climate Change, issued in 2007, contains 
serious warnings of the catastrophic consequences of continued 
carbon emissions and that these consequences may soon become 
unavoidable. Meanwhile, per capita US carbon emissions are among 
the highest in the world, having only recently been surpassed by 
China (though a quarter of China’s emissions are a result of exports 
to developed nations).6 With only 4% of the world’s population, the 
US emits 25% of the world’s global-warming pollution. While pres-
ent Americans did not personally give rise to this environmental 
injustice, we are currently perpetuating it. 

Policy-makers, planners, developers, architects, and engineers of the 
built environment should hold themselves accountable. Buildings 
account for 49% of the energy used in the US,7 and land-use decisions 
directly determine the overwhelming majority of our transporta-
tion energy use, which account for another 27% of US energy use 
(Figure 5).8 Fundamental policy reform in where, what, and how we 
build (and re-build) can radically decrease 76% of America’s energy 
demand. Efficiency increases on the order of 50 to 80% have been 
cost-eff ectively demonstrated across many sectors with existing and 
proven technologies and methods.9 With such efficiency, meeting 
energy demand with renewable energy resources becomes feasible 
(Figure 6). 

6  Tao Wang and Jim Watson. “Who Owns China’s Carbon Emissions?” 
Tyndall Briefing Note #23. Tyndall Centre for Climate Change Research: 
October 2007.

7  U.S. Energy Information Administration, 2009. This figure was derived 
by the Architecture 2030 research team: to create a U.S. Building Sector, the 
residential buildings (operations) sector, commercial buildings (operations) 
sector, and industrial buildings (operations and materials embodied energy 
estimates) were combined.

8 Calculated from: Federal Highway Administration “Annual Vehicle Miles 
of Travel and Related Data” Publication # FHWA-PL-96-024, June 1996.

9  Lester R. Brown. Plan B 3.0: Mobilizing to Save Civilization. Washington, 
DC: Earth Policy Institute, 2007.
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US Energy Demand and Supply: The fossil-fuel exit strategy is Figure 6: 
characterized by efficiency and conservation across all sectors followed 
by a sound investment in renewable energy (Data: Energy Information 
Administration, Annual Energy Outlook 2009) 

The next industrial revolution requires a paradigm shift in human 
activity and it starts with the very foundations of industrial society—
from our cultural obsession with “economic progress” to the physical 
infrastructure of the built environment. Truly, the greatest challenge 
is not technical innovation, but rapid cultural and institutional 
change. Policy-makers and professionals of the building industry 
have a unique opportunity to facilitate this proactive change—to plan 
and design with a fossil-fuel exit strategy in mind so that our children 
(and children globally) may live without suff ering the consequences 
of our transgressions. Indeed, the future stability of the industrial-
ized world depends on it. 

Yet such a paradigm shift must be internalized on a personal level, 
and so let us take a closer look at our values and assumptions.
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What’s the Difference between Conservation 
and Efficiency?

While often used interchangeably it’s helpful to understand 
the diff erence between energy conservation and energy 
efficiency. Conservation refers to the protection or pres-
ervation of something. It is an action or behavior. Energy 
conservation involves behaviors which result in less energy 
use, such as turning down a thermostat or deciding to dry 
your clothes on a clothesline rather than in a clothes dryer. 
Energy conservation is free; it only requires will. Efficiency, 
on the other hand, involves a comparison of input and 
output in a given process. It is a property of a mechanism or 
system. Energy efficiency compares the energetic input to 
a system with its productive function. Compact fluorescent 
light bulbs are more energy-efficient than incandescent 
bulbs because they require less energy to produce the same 
amount of light. In short, energy conservation involves 
choosing to use less energy and energy efficiency involves 
getting more out of the energy you do use. 

Yet the two often coincide: choosing to take the bus rather 
than drive your car is making a conservative choice, but the 
bus itself is a more efficient form of transporting people 
than personal automobiles. And indeed, efficiency without 
conservation can actually increase energy use. For instance, 
a person buying a new car that happens to be more efficient 
than his previous car may think, “Oh great, I can drive more 
without it costing so much.” Without a conserving attitude 
more energy may actually be consumed in this way.
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Values

“You must be the 
change you wish to 
see in the world.”

-Mahatma Gandhi

In his timely book Collapse: How Societies Choose to Fail or Succeed, 
Pulitzer prize-winning author and evolutionary biologist Jared 
Diamond concludes that two attributes seem to characterize suc-
cessful societies: long-term planning and an ability to change core 
values.10 The fossil-fuel exit strategy proposed here is central to the 
issue of long-term planning, but as Diamond suggests, this cannot 
be isolated from an inquiry into values. This chapter takes a brief 
look at the predominant values of Americans, and examines their 
appropriateness given the challenges which face us. It will argue that 
adaptation of our values to these problems is critical to our success 
as a society.

Historically, America is a nation of self-starters. Compared to other 
industrialized countries our population is highly individualistic. 
While the American population as a whole has more expendable 
wealth than most other nations, we have some of the most poorly 
funded public schools. Similarly, libertarian resistance to government 
regulation is strong. On the one hand, government regulation of 

10  Viking Press, 2004.
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the market economy is unpopular, generally being accepted only in 
response to market failures (i.e. Roosevelt’s New Deal and Obama’s 
current reform eff orts). On the other hand, public ownership is 
seldom favored over private ownership. This is abundantly clear in 
the recent political debate over health care reform, where, despite 
its success in nearly every other industrialized country in the world, 
public health care was not even an option of serious consideration. 
We seem to agree with Adam Smith that the pursuit of individual 
self-interest in a free market will naturally benefit society as a 
whole.11

Such values found favor among American colonists seeking inde-
pendence from authoritarian political  and religious systems of the 
Old World. They have perhaps also been useful to the many waves 
of immigrants which have sought a better life in this economically 
prosperous country. Yet individualistic, libertarian values are not 
well suited to address the basic problem of climate change we now 
face: global, long-term degradation as a result of individual, short-
term behavior. Our oppressor is no longer a central authoritarian 
power; our oppression comes as a result of our very own individual 
behavior—from our demand for and supply of fossil-fueled build-
ings, automobiles, and industrial goods. 

We are suff ering the classic “tragedy of the commons” described 
by Garrett Hardin in 1968: people sharing a common pasture land, 
when acting independently, find it in their individual self-interest to 
graze as many animals on the commons as possible.12 When popula-
tion is low and the commons is large, there is no problem. But as 
numbers grow, if the population continues to act independently and 
freely in their own self-interest, the commons becomes overgrazed 
and polluted and will eventually cease to support any population at 
all. To avoid this tragedy, Hardin describes, restrictions on individual 
behavior are necessary to safeguard everyone’s collective interest. In 
Adam Smith’s day the immense size of the commons, with a bounty 
of natural resources, could not even be pondered. Similarly, many 
native societies had no need even for the regulation of private prop-
erty (a regulation that avoids the tragedy of the commons by simply 

11  The Wealth of Nations, 1776.
12 “The Tragedy of the Commons” Science, no. 162, 1968.
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eliminating the commons). But in modern times, with exponential 
growth of a globalized human industry, we are rapidly degrading 
the ability of our commons (earth) to sustain us. We are abusing our 
commons in two basic ways: resource exploitation and environmen-
tal pollution, and thus our two-fold problem of peak oil and climate 
change. At the scale of the individual we’re simply trying to attain an 
ever-higher (material) standard of living, but the result is disastrous 
at the scale of national economies: in the interest of “economic prog-
ress” competing corporations strive to increase production, causing 
ever more fossil-fuel to be extracted and burned, promising both 
environmental and economic collapse globally. As long as we fail to 
regulate the actions of individual factions (including corporations 
and governments) in order to safeguard our collective, global inter-
est, we ensure our eventual societal demise, globally. Individualistic, 
libertarian values which resist collective problem-solving and the 
regulation of individual actions exacerbate this tragedy. As Hardin 
concludes: 

Every new enclosure [regulation] of the commons involves 
the infringement of somebody’s personal liberty. Infringe-
ments made in the distant past are accepted because no 
contemporary complains of a loss. It is the newly proposed 
infringements that we vigorously oppose; cries of “rights” 
and “freedom” fill the air. But what does “freedom” mean? 
When men mutually agreed to pass laws against robbing, 
mankind became more free, not less so. Individuals locked 
into the logic of the commons are free only to bring on uni-
versal ruin; once they see the necessity of mutual coercion 
[regulation], they become free to pursue other goals.

Consider the problem also from a biological perspective.13 The nature 
of life is consumption and growth. Plants consume solar energy, grow 
and propagate. Herbivores consume plants, grow and propagate. 
Carnivores consume herbivores, grow and propagate, etc. In all cases 
the growth of a species is checked by environmental constraints: 
food (energy) and habitat availability, predators, etc. But for the 
human, with a unique ability to use energy outside the body (i.e. 
fire), and a momentary glut of combustion fuel (fossil-fuel containing 

13  David Price. “Energy and Human Evolution” Population and Environ-
ment. March 1995.
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millions of years worth of sequestered solar energy), we are momen-
tarily experiencing virtually unchecked consumption and growth. 
This is clear from the previous graph of human population (Figure 2). 
On a finite planet this is clearly not sustainable. Unsustainable 
practices will, by definition, come to an end; the question is at what 
price in human suff ering?

In an industrialized human economy which depends upon fossil-fuel 
combustion, “economic progress”— defined generally here as in-
creasing the material standard of living of a (growing) population—
is ultimately impossible. Again, the limitation is primarily two-fold: 
the production of the material goods requires combustion of a finite 
fuel, releasing emissions into a finite atmosphere. The pursuit of 
“progress” in the current industrial economy propels us instead 
toward societal and environmental collapse. The current industrial-
ized human industry is nothing short of a parasite upon the earth, 
draining the blood of its host and filling it with disease, ensuring 
mutual destruction.

In one sense this may be seen as physically unavoidable. The law 
of entropy holds that energy concentrations, such as fossil-fuel 
reservoirs, will naturally disperse. The human species, it seems, just 
happened to come along and fulfill the natural order. Just as naturally 
as we flourished by this energetic flow, we will decline when the 
potential energy is exhausted. What we perceive as catastrophe for 
earth’s ecosystem is simply a hiccup in the natural process of its 
evolution. 

And yet, we are not without will. We choose our own adventure. We 
can choose self-centeredness and make paranoid preparations for 
war; we can choose hopelessness and despondency; or we can culti-
vate our fullest human potential, embody wisdom and compassion in 
the midst of great suff ering, and work toward collective health. This 
requires a significant catharsis. In the words of Pat Murphy, author 
of Plan C: Community Survival Strategies for Peak Oil and Climate 
Change:

We must go through the kind of transition that Germany 
did after World War II when faced with the knowledge of 
its war crimes. People in the US will need to face the dam-
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age done by our culture of greedy consumption of limited 
resources and disregard for other people and future gen-
erations.14

Just as surely as we learned to burn fossil-fuels and advance our 
populations, we can wean ourselves of this vitamin-turned-poison 
and attempt to sustain our global population in a revolutionary way. 
To that end let us return to consider the values which now prolong 
the dominant paradigm of unchecked consumption and growth, and 
consider those values which may sustain us.

It can often be very threatening to consider, much less accept, that 
progress in the current industrial economy is doomed. Part of the 
reason may be confusing the diff erence between “standard of living” 
and “quality of life”. The United States is a champion of the indus-
trialized world, and consider that our nation was founded upon the 
declaration of our right to  “life, liberty, and the pursuit of happiness”. 
But interestingly, the original wording of this phrase by  John Locke 
off ers a clue to our present difficulty: “life, liberty, and the pursuit 
of property.” While Jeff erson seems to have recognized the spiritual 
vacancy of such a credo, it seems modern America is driven by it. 

In the fervor of American enterprise following World War II, the 
“American Dream” became dominated by an obsession for increas-
ing material standard of living. The ideal of a new home, in a new 
suburb, arrived at in a new car carrying an abundance of new “con-
sumer goods” was born of this era and largely continues to this day. 
Consumerism is the modern American way, reinforced by the prolif-
eration of advertisements in our daily activities and surroundings. 
From televisions, to internet banners, to gas stations and airport 
lounges, our modern society is exposed to more advertisements in 
one year than those living fifty years ago were in a lifetime.15 We 
are constantly told that a better life is just a purchase away. This 
consumption-drumming trend has grown so voraciously that shop-
ping, for many, dominates cultural experience: 

We are now bound together mostly by a commercial cul-
ture of sales pitches, national brands, and franchise stores. 

14  New Society Publishers, 2008. p117.
15  Annie Leonard. “The Story of Stuff ” (www.storyofstuff .com)
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Shopping centers have become the centers of our public 
life, and consuming has become both our primary means of 
self-definition and our leading pastime.16

All of this consumption has a tremendous impact on the environ-
ment, as poignantly illustrated by Annie Leonard’s online video 
“The Story of Stuff ” (www.storyofstuff .org).  And yet, chasing after 
these transient, materialistic desires does not increase happiness, as 
psychological studies clearly confirm:

After World War II people had no computers or televisions, 
indoor plumbing was not taken for granted, and many 
people had ice boxes rather than refrigerators. Yet people 
report being about as happy as they are now. Thus we 
must question then whether we need a trip to Antarctica, a 
larger home with more bathrooms, and a high-status auto-
mobile to be truly happy. Certainly if these items require us 
to make sacrifices in self-growth, leisure time, and intimate 
relationships, they may interfere with happiness rather 
than enhance it.17

Economic development beyond poverty is necessary to enjoy a stable 
quality of life. But beyond this, a higher material standard of living 
does not necessarily correspond to a greater quality of life. When 
material wealth is pursued amidst a culture of competition and con-
sumerism, happiness is continually out of reach as material desires 
extend ever further even as higher levels of wealth are attained. 
Quite simply, as long as you think you need something more to be 
happy, then you’re not going to be happy with what you’ve got. 

Figure 7 suggests an alternative pursuit of happiness, one where 
the craving for ever more material possession is recognized as the 
disease that it is. While many approaches are possible, increased self-
awareness is of basic necessity in transcending consumerist habits. 
Through greater self-awareness, fulfillment is seen to come from a 
change of perspective rather than a change of clothes or car. Like a 

16  Alan Thein Durning. How Much is Enough? The Consumer Society and 
the Future of the Earth. W. W. Norton & Co. 1992. p 7-8.

17  Ed Diener and Shigehiro Oishi. “Money and Happiness: Income and 
Subjective Well-Being across Nations” Culture and Subjective Well-Being. The 
MIT Press, 2000.
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dog chasing his tail, it’s simply necessary to realize the ridiculous-
ness of what we’re doing. When we become aware of how our habit-
ual craving for “something better” actually prevents our happiness, 
we are empowered to move forward and focus instead on apprecia-
tion. As we turn our attention to behold the subtle miracle that is 
our life, our relationships, and our environment, we can realize how 
naturally wealthy we truly are. As awareness expands, as we become 
less self-absorbed, we can see how intertwined our own happiness 
is with the happiness of those around us. We may see our intrinsic 
interdependence in this way and transition from a self-centered to a 
life-centered mind set.
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An alternative view of the pursuit of happiness.Figure 7: 

The qualities that lend meaning and value to our life experience are 
inherently free and available, we simply need to cultivate our aware-
ness and appreciation of them. In this way, simplicity in activity and 
possession yields clarity and appreciation not sacrifice. This is true 
wealth—post-materialistic wealth—and it requires no fossil fuel. 
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When such value shifts occur at the individual level they naturally 
manifest at the societal level. The tragedy of the commons is more 
easily avoided when self-interest is seen to include the interests of 
everyone. But this doesn’t mean that voluntary cooperation is suf-
ficient. As Hardin points out, in a commons protected only by volun-
tary cooperation, it is the non-cooperative who flourish. Like farmers 
coming together to share a limited water resource, rules must be 
agreed upon and enforced to protect the common good. Indeed this 
is the nature of all appropriate regulation: appropriate restrictions 
which ensure the greatest freedom for the greatest number. 

While simple in principle, the way forward is certainly not easy. 
Indeed a great eff ort is necessary to eff ect a paradigm shift in human 
industrial activity. Day by day, through cultivation of post-materi-
alistic wealth, the dominant paradigm of unchecked consumption 
and growth is supplanted, individual by individual, by a paradigm 
of cultural growth. In such a paradigm lies the potential to stabilize 
human population and to decouple environmental destruction from 
the human pursuit of happiness. In such a paradigm lies the cultural 
evolution which is necessary to restore humankind as a symbiotic 
rather than a parasitic species of life on earth. We have yet a small 
window of opportunity to check ourselves before the limits of the 
natural world check us. Yet even if catastrophe is not avoided, come 
what may, the person who is aware of true “quality of life” may 
weather the storm with greater peace of mind.

Finally, as values change, public policy must follow. The paradigm 
shift toward a sustainable human society begins with a fossil-fuel 
exit strategy which must start from the ground up: the very infra-
structure of the built environment. Architects, engineers, builders, 
and planners now face the task of rewriting planning and building 
regulations without the premise of limitless land and energy resourc-
es. Beyond that, the designers of the built environment must provide 
solutions which enable the public to enjoy a moderate “quality of 
life” based solely on renewable energy inputs. This infrastructural 
shift must occur in two parallel veins, settlement pattern and build-
ing fabric.
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Development Pattern—Past & 
Present 
The Advent of Drivable Suburbanism

The traditional, pre-industrial city was a pedestrian-scale urban 
environment. Development was centralized and compact. Living, 
working, shopping, and leisure environments were interwoven in a 
tightly knit matrix of interconnecting streets by necessity because 
transportation was typically on foot. This basic walkable urban 
pattern served cities from ancient Mesopotamia up to 19th century 
America. In a pre-industrial American city of modest size a typical 
building on a prominent street might be three or four stories with 
a business on the ground floor and residences or offices above. On 
the side streets were a mix of apartments, attached townhouses, and 
single-family detached homes. A neighborhood park was down the 
street. In the modern American city, large or small, conventional zon-
ing codes have completely departed from this traditional, pedestrian-
scale pattern.

As with so many things, industrialization resulting from fossil-fuel 
use brought significant change. The scale of industry facilitated by 
coal-powered steam locomotives introduced significant air and noise 
pollution and congestion into urban centers. Naturally people sought 
to live in a more healthy setting, and by 1900 the electric streetcar 
allowed a growing number of middle and upper-class people to 
find refuge in sub-urban residential enclaves which supported 
their agrarian ideal. By the 1920’s streetcar transit was ubiquitous 
throughout American cities and, as urban geographer Peter Muller 
explains,

many geographers and planners would agree, that intram-
etropolitan transportation achieved its greatest level of 
efficiency—that the burgeoning city truly ‘worked’. How 
much closer the US metropolis might have approached op-
timal workability for all its millions of residents, however, 
shall never be known because the second urban transpor-
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tation revolution was already beginning to assert itself 
through the increasingly popular automobile.18

Electric streetcar transit was ubiquitous throughout American Figure 8: 
cities between the 1890’s and 1930’s, allowing the separation of 
housing from congested urban areas

Simultaneously in the 1920’s city planners throughout America 
adopted land-use zoning ordinances. These controversial regulations 
sought to ease urban tensions by separating “incompatible uses”. 
Industry, business, and housing developments were segregated into 
separate zones in order for the city to more efficiently function, it 
was said, like the harmonious workings of the separate organs in 
a human body.19 While such a strategy logically distanced housing 
from the pollution and congestion of industry, the strategy was also 
exploited for less noble purposes. 

Motivated less by technical efficiency than by socio-economic dis-
crimination, zoning was used to segregate single-family detached 
housing from attached housing. Those of higher social standing—
which would have included the authors of zoning laws—naturally 
sought to secure their status by distancing their homes from those 
of lesser means. Muller explains that zoning “gave municipalities 
control of lot and building standards, which, in turn, assured dwell-
ing prices that would only attract newcomers whose incomes at least 

18  “Transportation and Urban Form: Stages in the Spatial Evolution of 
the American Metropolis” Ch 3 from Hanson, S. and G. Giuliano. The Geogra-
phy of Urban Transportation. New York: The Guilford Press, 2004. p69-70.

19  Dana Caspall and Joseph Schwieterman. The Politics of Place: A History 
of Zoning in Chicago. Lake Claremont Press, 2006.
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equaled those of the existing population”.20 Racial segregation was 
less subtle and often made explicit either through zoning laws or 
neighborhood covenants. This had the eff ect of reinforcing the socio-
economic segregation of US cities and suburbs and placing a stigma 
on multi-family, attached housing that persists to this day. During the 
1930’s and 40’s this stigma was resisted by voices such as Catherine 
Bauer who saw public middle-class multi-family housing, com-
mon in Europe, as a sensible solution to the housing shortage. Yet 
Senator Joseph McCarthy (before his Red Scare crusade) promoted 
the privately owned single-family detached house as the American 
way of life, under the premise that house ownership prevented 
communism. Multi-family housing was largely rejected for its as-
sociations with socialism and found its only political support in the 
Federal Housing Administration of the Department of Housing and 
Urban Development, securing the low-income stigma of multifamily 
housing in America. To this day zoning policies mandate low-density 
single-family housing for an overwhelming majority of land area 
in almost every American city. With a strict segregation of housing 
types, zoning policy over-reached its original intention to preserve 
public health—separating truly incompatible uses—and actually 
reinforced socio-economic segregation by separating housing types. 
With these low-density, single-use zoning policies planned for 
undeveloped land on the urban periphery, the real-estate industry ef-
ficiently facilitated a more homogenous version of suburban sprawl, 
precipitating the decline of urban neighborhoods.

20  Muller, p91.
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Before the adoption of zoning ordinances single-family and Figure 9: 

multifamily housing was typically interwoven. A mix of housing types 
on the same block was not uncommon as in this block in Gettysburg, 
Pennsylvania with an apartment building, duplex, and single-family 
homes in succession. In fact, one of the row houses is also home to 
a barber shop (the barber pole is just visible above the car). This 
block would be highly illegal by conventional zoning codes because 
of this mixed-density housing and mixed-use (both residential and 
commercial). 

Through the 1930’s and 40’s the automobile increasingly supplanted 
the streetcar as the suburban mode of transportation. Importantly, 
this was at least partially due not to public demand for the automo-
bile, but to industry collusion. At a time when only 1 in 10 American 
families owned an automobile, General Motors, Firestone, Standard 
Oil along with several other corporation, working anonymously 
through a subsidiary organization, systematically bought and dis-
mantled more than 100 electric streetcar systems in 45 cities, from 
New York City to Los Angeles.21 In their place the company promoted 
“motorized!” bus service which was clearly less attractive than the 
smooth, quiet, and clean operation of electric streetcars. As GM likely 

21  Bradford C. Snell. American Ground Transport: A Proposal for Restruc-
turing the Automobile, Truck, Bus and Rail Industries. US Gov’t Printing 
Office, 1974.
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anticipated, those who were able opted to buy their own automobile. 
While the damage of this coercion has been estimated at $300 billion, 
the off ending corporations were fined a mere $5,000 when found 
guilty of conspiracy to monopolize in federal court.22

Through such a confluence of social, political, and economic drivers, 
the trajectory of auto-dependent, low-density, single-use develop-
ment was firmly set in place. In the postwar construction boom, 
in cities large and small, interest in the urban core declined as 
development rapidly dispersed across a polycentric metropolitan 
region. Urban populations declined (the City of Chicago declined 
by over 600,000 people between 1950 and 1990)23 and in the ever-
expanding suburban fringe, land consumption outpaced population 
growth by a wide margin (Figure 10). This trend continued decade 
by decade, losing steam only in recent years.

Expansion in population and land area in various cities, Figure 10: 
1970-1990. Through low-density, single-use development patterns, 
land consumption outpaced population growth by a wide margin 
(source: Douglas R. Porter. The Practice of Sustainable Development. 
Urban Land Institute, 2000. p9).

22  Walter C. Lindley. “United States v. National City Lines, Inc., et al.”. 
United States Court of Appeals for the Seventh Circuit (January 31, 1951). 
[Retrieved Nov 2009 from: http://www.altlaw.org/v1/cases/770576.]

23  Caspall et. al. p57.
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Early suburban production housing developments such as Figure 11: 
those of Levittown, New York set the pattern of sprawl development 
which has continued to this day.

Amidst the unprecedented suburban expansion after WWII, private 
housing subdivision developers came to supersede city planners as 
the primary architects of city growth. This resulted in a significant 
decrease in the long-term planning and investment in how cities 
grew. The transition can be read from a street map of a typical 
American city (Figure 12). The traditional gridded street network, 
with pedestrian-scaled blocks, allowed multiple routes of connectiv-
ity with other neighborhoods and was often planned with periodic 
neighborhood parks. This form of planning was supplanted by 
private ad-hoc subdivision development with no overall plan other 
than a layout of arterial highways and land-use designations man-
dating building type, setbacks and parking requirements. With the 
layout of neighborhoods now largely in the hands of market-driven 
developers, the cul-de-sac suburb arose off ering a heightened sense 
of privacy and security. Without street connectivity of adjoining 
subdivisions, traffic was increasingly funneled onto arterial roads, 
increasing congestion, and making walking and biking prohibitively 
inefficient and dangerous as a form of transportation.  Infrastructure 
costs of roads and sewer doubled compared to traditional neigh-
borhoods24, and the low-density, disjointed subdivisions remain 

24  Robert H. Freilich. From Sprawl to Smart Growth: Successful Legal, 
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virtually unserviceable by public transit (such as the historic electric 
streetcar).

The transition from pedestrian-scaled, interconnected grid Figure 12: 
planning to disjointed subdivision development is clear in this street 
map from Jonesboro, Arkansas (Source: www.maps.google.com).

The social impact of this physical transformation has been signifi-
cant. At the neighborhood scale, the sense of privacy and safety of 
cul-de-sac suburbs has come at the price of reduced social cohe-
sion.25  As a semi-private space the cul-de-sac itself is socially isolated 
from its neighborhood, and without neighborhood parks or conve-
nient connections to adjoining amenities there are fewer pedestrian 
occasions for chance conversations with neighbors. The significant 
portion of the population without automobile access (children, 
youth, elderly, and lower-income families)  are virtually stranded or 
risk the dangerous and socially demoralizing act of walking along 
arterial roads. 
Planning, and Environmental Systems. American Bar Association 2000. p24.

25  Randall Arendt. Crossroads, Hamlet, Village, Town: Design Characteris-
tics of Traditional Neighborhoods, Old and New. American Planning Associa-
tion, Report #487/488, 1999.
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These maps, each covering one square mile in diff erent Figure 13: 
built environments, highlight the stark diff erence between traditional 
interconnected street networks supporting walkability (top) and the 
auto-dependent street networks of suburban development (bottom).  
Clockwise from top left: Venice, Italy; New York City; Pleasanton, 
California (lower three) (Source: Jacobs, Allan B. Great Streets. The MIT 
Press, 1995).

At the scale of the city, the segregation of land-uses and the preemi-
nence of suburban sprawl development has weakened the bonds 
of social responsibility between the urban core, and the disparate 
suburbs. It has caused a disparity of school funding, reinforcing 
socio-economic inequalities in future generations. As the scale and 
experience of the built environment became dominated by the 
automobile, the private, socially-isolated realm has come to domi-
nate the American lifestyle: from private homes, separated from 
others by law, people are transported within the private space of 
their automobile (if they have one) to private working and shopping 
environments. Private indoor shopping malls serve the social-
gathering function once provided by public plazas and “Main Street” 
streetscapes. Weekend recreation at public sports fields may be the 
only regular activity in a public space. Indeed the cultural vacancy of 
suburbia is increasingly apparent among younger generations. The 
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sense of vibrancy and community that comes from an area with a 
concentrated mix of uses and users is completely gone. As architect 
and urban designer Dan Solomon points out, 

most people who live in the new [suburban] places come 
to the old [urban] places all the time for things they don’t 
have: streets where you can walk around, bars and cafes, 
music, theatre, and such. People who live in the old places 
tend to go to the new places only when they have to—for 
work or to go to the airport or places that discount tires.26

The almost exclusive development of low-density, single-use subur-
ban environments in the past sixty years has had a socially-isolating 
and socio-economically segregating eff ect on the American lifestyle.

Ironically, while the desire for safety was a primary motive of sub-
urban flight, suburban life is increasingly insecure due to its depen-
dence on cheap and abundant fossil-fuels.  With distances between 
home, work, school, and friends that are unprecedented by any other 
society in human history, conventional suburbia cannot efficiently 
function without the personal automobile: “from World War II until 
very recently, nearly all new development has been planned and 
built on the assumption that people will use cars every time they 
travel.”27 Quite simply, zoning laws compel automobile use. And with 
increasingly volatile fuel prices amidst the crest of peak oil, automo-
bile dependence is now a great source of insecurity for a majority 
of Americans. This dependence certainly influences our campaigns 
of warfare in the Middle East and, with hostile religious factions 
on both sides, the threat of further violence is high as the energy 
resource which suburban livelihood depends on becomes ever more 
scarce.

As a direct consequence of this tremendous fossil-fuel demand, the 
carbon emissions resulting from suburban development are also 
tremendous. A recent engineering study in Toronto found that a 
single-family house on the suburban fringe resulted in 2.6 times as 

26  Daniel Solomon. Global City Blues. Island Press, 2003.
27  Reid Ewing, Keith Bartholomew Steve Winkelman, Jerry Walters, and 

Don Chen. Growing Cooler: The Evidence on Urban Development and Climate 
Change. Urban Land Institute, 2008.
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much carbon emissions per person as an apartment in the urban 
core when considering all associated energy demands (transporta-
tion, operation, and materials).28 The results of this study, shown in 
Figure 14, clearly reveal the dominance of the transportation sector 
in the carbon footprint of low-density development. If we assume 
vehicle fuel efficiencies double, the carbon footprint of the suburban 
house decreases by 31% but still looms over the urban apartment 
by a factor of 2.3. And even if the suburban house were a so-called 
“zero-energy house” (generating as much energy as its operation 
required) it would still produce 1.8 times the carbon emissions per 
person as the conventional urban apartment. This case study reveals 
the tremendous environmental benefit of walkable, urban develop-
ment. This is not to say we must all live in large multi-story apart-
ment buildings however. Walkable, urban neighborhoods, which do 
not require daily use of an automobile, are possible with a mix of 
housing types, including apartments, townhouses, and even detached 
houses (Figure 9). Quite plainly, building “zero-energy” houses 
within a suburban context puts the cart before the horse. The most 
cost-eff ective first step toward addressing climate change and fossil-
fuel dependence is to eff ect a paradigm shift from auto-dependent 
suburbanism to walkable urbanism.

28  Jonathan Norman, Heather L. MacLean, and Christopher A. Kennedy. 
“Comparing High and Low Residential Density: Life-Cycle Analysis of Energy 
Use and Greenhouse Gas Emissions” ASCE Journal of Urban Planning and 
Development, March 2006.
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Carbon footprint of Low-Density vs. High-Density Figure 14: 
Developments in a Toronto study.

The high-density and low-density case study buildings Figure 15: 
analyzed in Toronto.

Current land-use zoning laws, prevalent in virtually every American 
city, mandate single-use, low-density development, which separates 
not only the truly incompatible use of industrial from residential, 
but also multifamily residential from single-family residential. While 
the former arose as a reaction to the pollution and congestion that 
industrialization brought to the American city, the latter is a tool 
of socio-economic segregation. Under such planning regulations, 
auto-dependent suburban sprawl development came to dominate 
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the growth of American cities. The social, economic, and environ-
mental consequences of such a development pattern are increasingly 
unmanageable and unsustainable. Fortunately, better options are at 
hand.
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The Development Pattern of a 
Fossil-Fuel Exit Strategy
From Drivable Suburbanism to Walkable Urbanism

Whereas the need to reform the congested industrialized city drove 
urban planning in the 20th century, the need to reform the sprawled 
metropolitan region drives urban planning in the 21st century. Due 
to mounting social, environmental, and economic costs, we clearly 
need city planning which facilitates more sustainable development. 

The personal automobile plays prominently in the costs of sprawl: 
it reinforces social isolation, it accounts for the majority of personal 
greenhouse gas emissions, and it weighs heavily on both infra-
structure costs and household finances. No simple solution, such as 
electric cars, can address these problems. For example, while auto-
mobile efficiency can and should increase dramatically, studies show 
that the growth in driving due to sprawling suburban expansion has 
outpaced population growth by a factor of three since 1980, and this 
land-expansion eff ect overwhelms the increases in vehicle efficiency 
currently mandated by 2020 (35 mpg for passenger cars).29 Even 
with more radical efficiency improvements, the intrinsic inefficiency 
of transportation within a low-density, segregated-use metropolitan 
region precludes alternative forms of transportation such as walking 
and biking—low-cost, carbon-free, healthful alternatives—as well as 
quick and accessible public transit.  

Nothing short of a complete paradigm shift of the conventional devel-
opment pattern is necessary to end our dependence on fossil-fuels 
in a time frame that prevents catastrophic global warming. Further, 
this is a low-cost solution because “it involves shifting investments 
that have to be made anyway... two-thirds of the development 
on the ground in 2050 will be built between 2007 and then.”30 In 
this paradigm shift three fundamental factors must appropriately 
align: density, land-use planning, and transportation planning. 

29  Ewing et. al. p2-3.
30  Ewing et. al. p8.
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Conventional suburban development is low-density, segregated-use, 
and automobile dependent. By contrast both traditional and new 
urban development achieve a minimum, critical-mass density, are 
mixed-use, and allow a variety of means of transportation from walk-
ing to driving to transit. In short, two basic development patterns 
emerge: “drivable sub-urbanism” or “walkable urbanism”.31 Other 
brand names for the latter include smart growth, new urbanism, 
and transit or pedestrian-oriented development, each of which has 
particular emphases but all generally align with the principles of a 
walkable urban development pattern.

Reaching a critical level of density is fundamental to reduce driving. 
This is evident from a Smart Growth study on “location efficiency” 
which analyzed the neighborhoods of the entire San Francisco, Los 
Angeles, and Chicago metropolitan areas and derived the relation-
ship between density and driving shown in Figure 17. The knee 
of the curve marks the transition between conventional drivable 
suburban development and traditional walkable urban development. 
Presently, four-fifths of the transportation carbon footprint in the US 
is due to private automobiles because most Americans live at subur-
ban densities (around 3-6 households per net residential acre, Hh/
RA).32  This is in stark contrast to the densities of traditional urban 
neighborhoods which fall between 20 and 200 households per acre. 

31  Christopher B. Leinberger. The Option of Urbanism: Investing in a New 
American Dream. Island Press, 2007.

32  Christopher B. Leinberger. “Financing Progressive Development” 
Brookings Institution, May 2001. Retrieved on Oct 19, 2010 from [http://
www.brookings.edu/articles/2001/05metropolitanpolicy_leinberger.aspx].
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Apartments such as these, built before parking requirements Figure 16: 
were mandated by zoning codes, integrated well with neighboring 
single-family housing. They allow the housing density in this Portland, 
Oregon neighborhood to reach a point that workplaces, shops, 
churches, and schools can all be located within walking distances, 
making car ownership an option rather than a necessity.
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Measurements of housing density and driving distances in Figure 17: 
San Francisco, Los Angeles, and Chicago reveal an important transition 
between drivable sub-urbanism and walkable urbanism at a density 
of approximately 25 households per acre  (Source: John W. Holtzclaw. 
“Smart Growth-As Seen From the Air” June 2000 [Retrieved Oct 2010 
from http://www.sierraclub.org/sprawl/transportation/holtzclaw-
awma.pdf], p8).

The Smart Growth study identified the following characteristics 
of development pattern to be significant in determining both auto 
ownership and driving per household:

Housing Density—This factor has the strongest correlation with 
auto-ownership and driving. 
Household proximity to Public Transit—As a rule-of-thumb 
transit access should be within a quarter mile (~5 minute walk) of 
housing and destinations.
Pedestrian/Bicycle Friendliness—Fine-grained street connectivity 
is extremely important (Figure 13), as well as provision for public 
sidewalks, design of an inviting streetscape (i.e. with buildings and 
trees rather than parking lots framing the street corridor), and 
traffic safety (i.e. traffic-calming narrow streets and bike lanes where 
appropriate).
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Household proximity to Jobs and Shopping—Integrated, mixed-
use development rather than segregated land-use zoning is key to 
walkability.

All of these factors beneficially align in walkable urban places. As a 
case in point, the highly successful Atlantic Station development in 
Atlanta—a compact, mixed-use development—resulted in residents 
there driving an average of 8 miles per day versus the 32 miles per 
day city-wide average (a 75% reduction).33 And yet it is also highly 
desirable place to live due to the many amenities which are imme-
diately available such as civic plazas, parks, working and shopping 
destinations.

Walkable urbanism doesn’t mean high-rise construction. Figure 18: 
The historic downtown of Gettysburg, Pennsylvania is a quaint 
example of traditional walkable urban development. This “shop house” 
with a ground-level business and a residence above is a common 
building typology in walkable urban places throughout many cultures 
worldwide. 

33  Ewing, et. al. p7.
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The pedestrian-density, mixed use development of Atlantic Figure 19: 
Station is a contemporary example of walkable urban development 
supporting both urban civic spaces as well as landscaped park space 
(Source: VCC General Contractors and The Corwell Group).

Despite the success of many such contemporary urban develop-
ments, most Americans have never lived or worked in such places 
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because conventional zoning laws virtually prohibit walkable urban 
development because they promote low-density, single-use develop-
ment. The very mention of “density” prompts opposition by many 
homeowners because the suburban version of density (islands of 
multi-story apartment buildings in a sea of parking lots) does not 
contribute to neighborhood quality or property values. Yet the mini-
mum, critical-mass density required of walkable urban places can be 
achieved in a block with a mix of uses and housing types, both owner 
and renter-occupied, including apartment buildings, townhouses 
(rowhouses), duplexes, as well as single-family detached homes. 

Walkable urbanism is very diff erent from drivable sub-urbanism, and 
requires fundamentally rethinking many of the common assump-
tions about development in the past 60 years. Walkable urbanism 
is characterized by human-scale, mixed-use neighborhoods inter-
connected by both public transit and automobile transportation 
networks whereas drivable suburbanism is designed to the scale of 
the automobile and consists of diff use housing subdivisions con-
nected by multi-lane arterial roads to commercial strips and office 
parks. The urban lifestyle is infused with the public realm (walkable 
streetscapes, parks, plazas, libraries and museums) whereas the 
suburban lifestyle is dominated by private realms (private auto-
mobiles, private homes on private land, and private commercial/
industrial centers). As some have described it, walkable urbanism is 
about “place-making” whereas drivable suburbanism is just “space-
taking”.34 Figure 20 contrasts the basic characteristics of these two 
patterns.  

34  Smart Growth Vermont. Community Rules: A New England Guide 
to Smart Growth Strategies. Retrieved on Nov 19, 2009 from http://
www.smartgrowthvermont.org/help/publications/communityrules/ 
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Walkable urbanism requires a minimum threshold of density with a 
mix of uses which allows residents to meet their daily needs within a 
series of walkable districts connected by mass transit. In such places 
personal automobile use is not a daily necessity. Suburbia, due to 
its need to accommodate automobile driving and parking, can grow 
only by consuming ever more land area. As more people move to a 
suburban area, traffic congestion increases despite constant highway 
expansion, pollution increases, and open space is dominated by 
parking lots. As Christopher Leinberger articulates in The Option of 
Urbanism,

as you build more drivable sub-urban development, you 
get less quality of life. In other words, more is less. The 
more that is built, the more the very qualities that attract 
the households to suburbia are degraded or destroyed, set-
ting the stage for further development on the ever-expand-
ing fringe. The American Dream based upon sub-urbanism 
is elusive if growth is assumed to continue; the more you 
build, the more the promise is denied.35

Leinberger’s insight sheds light on the current proliferation of 
NIMBY (not-in-my-backyard) attitudes among neighborhood asso-
ciations and the general distaste for developers. In suburban devel-
opment, new growth is cheapest and meets the least homeowner 
resistance on the suburban fringe. Yet as the locus of new develop-
ment moves outward older suburban and urban neighborhoods and 
commercial centers are left behind to decrease in value.

By contrast, Leinberger continues, with walkable urbanism, more 
is better. Adding more density and uses bolsters street life and 
increases property values and tax revenue. With increasing popula-
tion densities new amenities such as restaurants and grocery stores 
can be supported which benefit everyone within walking distance. 
More housing increases demand for area amenities. With urbanism 
growth is an “upward spiral of value creation”. As long ago as 1961, 
Jane Jacobs recognized the intrinsic social value resulting from urban 
areas with a multiplicity of uses and users, which she described 
in her polemical book, The Death and Life of Great American Cities. 
The vibrancy that is possible in walkable, urban places makes them 

35  Leinberger, p130.
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among the most popular vacation destinations. People vacation in 
natural landscapes—the Grand Canyon, Yellowstone. People vacation 
in urban cityscapes—Paris, New York City. People do not vacation in 
suburbs.

The many social amenities that walkable urban places can provide 
make them highly desirable places to live. Changing demographics 
account for much of this burgeoning demand: 90% of new housing 
demand between now and 2025 will be from households with no 
children, which make up two-thirds of the present population.36,37 
Walkable urbanism is increasingly favored by retiring baby-boomers, 
empty-nesters, never-nesters, single-parent families, and young 
singles. For some the attraction is attached housing with its lower 
maintenance requirements and lower heating bills. For others it 
is the ease of walking to the corner store for milk and eggs. Other 
benefits may be less obvious, such as the financial benefit of invest-
ing in the appreciating asset of real-estate rather than the depreci-
ating asset of a car. And, on the other hand, rentership aff ords the 
significant benefit of mobility, allowing one to easily relocate for 
a better job (studies show a correlation between homeownership 
and unemployment).38 The incidental exercise of walking to daily 
destinations is another overlooked benefit (another study shows a 
correlation between obesity and suburban sprawl).39 But increas-
ingly it seems, especially among younger generations, the attraction 
is the vibrancy, diversity, and community off ered by walkable, urban 
living. Leinberger points out that television shows reflect this shift in 
values: 

36  Ewing, et. al. p9.
37  Anthony Flint. This Land: The Battle over Sprawl and the Future of 

America. Johns Hopkins University Press, 2006. p192.
38  Andrew J. Oswald. “The Housing Market and Europe’s Unem-

ployment: A Non-Technical Paper” May 1999. Retrieved on Nov 19, 
2009 from http://www2.warwick.ac.uk/fac/soc/economics/staff /
academic/oswald/homesnt.pdf.

39  “Study Links Obesity, Urban Sprawl” Science Dai-
ly. Retrieved from http://www.sciencedaily.com/
releases/2005/09/050909220354.htm on Nov 19, 2009.
releases/2005/09/050909220354.htm on Nov 19, 2009.
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[The baby boomers were] raised on Leave It to Beaver in 
the late 1950s, the Dick Van Dyke Show in the early 1960s, 
and The Brady Bunch in the early 1970s, some of the most 
popular situation comedies of the era… the unifying sub-
text of these series was the appeal and desirability of sub-
urban living… Fast forward to the 1990s and early 2000s 
to see the most popular television shows of that era—Sein-
feld, Friends, and Sex in the City—all set in the city. The 
unifying subtext of these series was the appeal and desir-
ability of walkable urbanism… Gatherings of young adults 
in restaurants and apartments on these shows made urban 
life exciting and engaging and off ered that most attractive 
attribute of that era—being hip.40

The presumption of homeownership—where “home” is defined as 
a single-family detached house—as the pinnacle of the American 
dream is increasingly being called into question. 

And yet, why has the market not wholly responded? Quite simply, 
conventional zoning laws present in virtually every American city 
prohibit walkable, urban development, because they require low-
density, single-use development for the overwhelming majority 
of city land area (“R-1” single-family detached residential). Such 
regulatory restriction is highlighted in a national survey of over 600 
developers which concludes,

…municipal regulations tend to constrain the ability of 
developers to provide alternatives to low-density, auto-
oriented development… On the whole, the random sample 
of developers studied perceives considerable market 
interest in alternative development; believes that there is 
inadequate supply of such alternatives; views local gov-
ernment regulation as the primary obstacle to the further 
development of these alternatives; and indicates interest in 
developing more densely and mixed-use than regulations 
allow, notably in inner suburban areas. Thus it appears 
that in the perceptions of developers at least, it is hardly 
more planning intervention that would bring about greater 
alternative development forms in the US context, but re-

40  Leinberger, The Option of Urbanism, p86-87.
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laxation of restrictive land-use and transportation policies 
that are excluding these forms to begin with.41

Indeed New Urbanism proponents agree: “the zoning, subdivision, 
and public works standards governing development across the 
United States literally preclude the building of traditional neighbor-
hoods, and as well, the rebuilding of existing urbanism”.42 

A prime example of such regulatory resistance is parking require-
ments, which often require at least one off -street parking space per 
dwelling unit. Off -street parking requirements for apartments were 
amended to most zoning codes beginning in the 1940’s and largely 
persist to this day. Rather than entrusting property owners and de-
velopers to determine their own parking needs, these requirements 
seemingly came about to ensure the convenient availability of on-
street parking. Homeowners associations often lobby for an increase 
of such parking requirements as a de facto means of preventing 
higher-density developments in their neighborhood (which may 
otherwise be allowed by code). As a result, density is indeed limited, 
limiting the potential to reach a walkable, urban neighborhood, and 
parking lots are forced upon the apartment building, removing it 
from the street and preventing it from integrating with single-family 
housing in a pleasant, pedestrian-oriented streetscape (Figure 21). 
Not only are such apartments a detriment to neighborhood character 
but they also reduce the public safety that comes with ground-level 
residences which put “eyes on the street”. 

Parking requirements have the further eff ect of subsidizing car own-
ership through construction costs: “each parking space associated 
with a residential unit typically increases the cost of that unit by up 
to 20% and decreases the number of units that can be built on a typi-
cal lot by 20%”.43 This significantly deceases housing aff ordability, 

41  Jonathan Levine, and Aseem Inam. “The Market for Transpor-
tation-Land Use Integration: Do Developers Want Smarter Growth 
than Regulations Allow?”. Transportation. v31. Netherlands: Kluwer 
Academic Publishers, 2004. pp425-426.

42  Daniel G. Parolek, Karen Parolek, and Paul C. Crawford. Form-Based 
Codes: A Guide for Planners, Urban Designers, Municipalities, and Developers. 
New York: Wiley, 2008. p xi.

43  Parolek, et. al. p50.
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increases automobile dependence, and decreases demand for public 
transit. In short, parking requirements promote drivability and make 
urban density both less attractive and less aff ordable. 

When parking requirements were adopted in city zoning Figure 21: 
laws, multifamily apartments were forced to create parking lots, greatly 
inhibiting their ability to integrate with single-family houses and 
support an attractive pedestrian-oriented streetscape (contrast this 
apartment with those of Figure 16).The irony is that such requirements 
are often desired by homeowners associations to increase on-street 
parking availability. Alternatively, if housing density is high enough to 
support walkability, automobiles are not so necessary. 

As a sidestep to the limitations of conventional zoning in prohibit-
ing anything but drivable, suburban development, the Planned 
Unit Development (PUD) arose as a legal process and planning tool 
which essentially allows developers to sit down with city planners 
and negotiate the development of buildings which deviated from 
zoning requirements. This gave developers more flexibility and 
planners more site-specific control. Since widespread use of the PUD 
process in the postwar years, it has often been used for mixed-use 
and mixed-housing developments. Although the PUD process truly 
calls into question the value of land-use zoning regulation, it has not 
significantly triggered such a debate. Instead it is simply treated as 
an alternate method of development where the normally rigid zoning 
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regulations may be negotiated. But still, the predominant path-of-
least-resistance development form remains zoning-enforced drivable 
suburbanism.

The predominance of low-density, single-use zoning codes is not for 
lack of better alternatives however. Perhaps the most thoroughly 
conceived and proven alternative is the concept of “transect” zoning 
and form-based codes developed by the Congress for New Urbanism. 
The transect zoning of New Urbanism works not by segregating 
diff erent land-uses but by defining a graduated transition of density 
from natural, to rural, to suburban, to urban as shown in Figure 22. 
“Form-based” codes work in tandem with the transect zones to 
regulate building-specific features which promote walkable, human-
scaled streetscapes (Figure 23). Features which are truly incompat-
ible with such zoning, such as heavy industry and big box stores with 
large parking requirements are zoned in separate special districts.

 The nature of conventional zoning codes is to prohibit undesirable 
things. This approach originated from the early public nuisance laws 
and the desire for socio-economic segregation by the affluent. By 
contrast, the transect zoning and form-based codes of New Urbanism 
shift the emphasis of regulation from merely prohibiting undesir-
ables, to actually defining what is desirable and promoting that. 
This is done by prescribing things such as street connectivity and 
appropriate transitions between high-density and low-density zones. 
The form-based codes of New Urbanism bridge from the city-scale to 
the individual building-scale, aligning both big-picture planning and 
street-level detail toward the “implementation of walkable, human-
scaled neighborhoods, focusing primarily on urban form, while 
also addressing use and other necessary factors”.44 Indeed if it is 
neighborhood character that we desire then it makes sense to codify 
the attributes of neighborhood character—building forms that frame 
a pleasant, walkable streetscape—rather than codifying the often 
irrelevant issue of land-use, obtuse density metrics such as floor-
area-ratio (FAR), and downright counterproductive regulations such 
as parking requirements. New Urbanism largely sidesteps the two 
issues which so plague conventional zoning—density and parking— 
by regulating the attributes that truly concern us—neighborhood

44  Parolek, et. al. p12.
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Form-based codes apply to each zone of the transect in order Figure 23: 
to mandate walkable, human-scaled relationships between buildings 
and street. This diagram from the SmartCode shows sample section 
(left side) and corresponding plan drawings (right side) defining 
the building-to-street relationship in each zone of the transect. Such 
form-based codes are not uniform, but defined through community 
participation in order to tailor regulations to the special conditions and 
customs of a given community (Source: Duany Plater-Zyberk and Co. 
SmartCode v9.2, New Urban Publications, 2009).
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and streetscape character. By shifting the focus from segregation 
to integration, many such conflicts are abated. By prioritizing the 
execution of a cohesive streetscape with a fluid gradation of density, 
various building and housing types as well as parking are seamlessly 
integrated.

Rather than establishing these regulations in top-down decision-
making, a series of community design “charrettes” or workshops 
are held to identify what a community desires and ensure that city 
regulations reflect this desire. As a result form-based codes are 
tailored to the heritage and customs of specific communities. This 
community-centered planning process, helps to align city policy 
with citizen’s visions, off ering not only a means of transitioning from 
drivable suburbanism to walkable urbanism, but also a way to do 
so which that promotes community values. This is useful in aligning 
community interests in the wider planning of a fossil-fuel exit strat-
egy, enabling quick, consensus-based response. As Elizabeth Plater-
Zyberk, cofounder of the Congress for the New Urbanism articulates:

As global society swings into action to reduce carbon 
emissions, the data ever more clearly points to the need to 
reduce dependence on vehicular mobility, and to remake 
the built environment as transit- and pedestrian-friendly 
places of dense economic and social interaction. Only the 
Form-Based Code can ensure such an urbanism. And with 
the accelerating pressure for urban infill  in the NIMBY 
(not in my backyard) context of a nation of homeowners, 
the rational structure of the Form-Based Code can en-
gage the public in the creative process with the hope that 
change can be guided predictably.45

New Urbanists have been demonstrating and promoting this plan-
ning approach since the development of the highly successful town 
of Seaside, Florida in 1981 (which was notably in an area that 
contained no prior zoning regulations to prohibit this alternative 
planning experiment). In 1996 the Charter of the New Urbanism was 
drafted (see Appendix), and as of early 2009 over 100 communities 
have tailored the New Urbanist SmartCode to their locales, with 
25 adoptions. Additionally, scores of private developments across 

45  Parolek, et. al.
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America have used the code to promote highly desirable mixed-use 
neighborhoods.

 
Townhouses at Seaside, Florida. The development of Seaside, Figure 24: 

begun in 1981, represents one of America’s first returns to city-wide 
pedestrian-scale mixed-use planning in decades. Through such projects 
the Congress for New Urbansim emerged. (Source: www.dkolb.org)

The New Urbanist design of Birkdale Village in Charlotte, Figure 25: 
North Carolina carefully blends residential, commercial, and public 
spaces while accommodating both pedestrian and vehicular traffic. 
(Source: www.architectureweek.com)
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Affordable Housing

Ensuring the availability of aff ordable housing is an important 
and challenging part of any development, suburban or urban. The 
conditions of walkable urbanism promote aff ordability for several 
reasons.46  Walkable urbanism is less land-intensive, thus decreasing 
the cost of land and public services per unit. It also increases the 
availability of attached housing, which can elicit a lower construc-
tion cost per unit relative to detached housing. Further, walkable 
urbanism has the significant eff ect of making car ownership optional 
thus freeing up a significant amount of personal finances: “each 
vehicle that a household can eliminate can qualify it for an additional 
$60,000 mortgage.”47 On the other hand, walkable urbanism will by 
its nature decrease the supply of single-family detached housing thus 
increasing its cost. 

Beyond these basic conditions which tend to make walkable urban-
ism more aff ordable than the suburban alternative, Christopher 
Leinberger mentions several economic policies which can be used to 
further increase aff ordability.48 Inclusionary zoning is one strategy 
which subsidizes aff ordable housing through a cost born evenly 
by the land values of the entire zoned district. “Value latching” is 
another method he off ers, which provides aff ordable housing where 
land values are appreciating the most, precisely where they are 
most needed. Others highlight the usefulness of density bonuses to 
further decrease land and development costs per unit for aff ordable 
housing as well as allowing additional financing to facilitate architec-
tural integration of low-income housing with adjoining market-rate 
properties.

46  Arthur C. Nelson, Rolf Pendall, Casy Dawkins and Gerrit Knaap. The 
Link Between Growth Management and Housing Affordability: The Academic 
Evidence, Brookings Institution Center on Urban and Metropolitan Policy, 
2002.

47  Parolek, p50.
48  Leinberger. The Option of Urbanism, p141.
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Financing

Another facet of necessary change lies in the financing of the built 
environment. While this issue is a bit tangential to the topic at hand, 
it bears some understanding. Christopher Leinberger points out that 
all of the historic buildings we now admire were built during a time 
when buildings were seen as a long-term asset and locally financed 
with this long-term value in mind. Since the deregulation of the 
1980s, which removed much of the division between stock banking 
and real estate banking, development has increasingly been funded 
by short term investors expecting a five to seven year return on 
investment. This is a historic first, and has significant consequences 
for not only the quality of what gets built but in how and where it is 
built. Increasingly, real-estate has been turned into a trading com-
modity, and there are now “19 standard product types” (Figure 26) 
which are strongly favored by the investment banking community 
(who generally have no relationship to what is built beyond a 
requirement for a short return). This contrasts sharply with the 
historic pattern wherein local investors (often wealthy families) sup-
port local real-estate development with a much longer-term interest 
in not only economic profit but also in community value. Because 
single-use, suburban, green-field development is cheaper and brings 
quicker returns than the more complicated mixed-use, urban infill 
development, the financing world has naturally favored suburban 
investments on the ever-expanding suburban fringe. Leinberger 
suggests that solving this dilemma may require financing walkable, 
urban development with a mix of short, mid, and long-term inves-
tors, such as institutional investors. It stands to reason that as long as 
we seek short-term value, that’s exactly what we’ll get, as evidenced 
by the short-lived and frequently abandoned strip malls in any given 
American city. Walkable urbanism, by intermixing housing and com-
merce, invests in long term value and is most successfully financed 
with such value in mind.
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As real-estate financing has become increasingly dominated Figure 26: 
by non-local investors seeking only short-term profit, the built 
environment has become dominated by standardized “real-estate 
product types” which presume and reinforce drivable suburbanism. 
Mixed-use buildings necessary to achieve walkable urbanism (and also 
having much less parking than suburbia would require) can be difficult 
to finance through such systems (source: Leinberger).

Transportation

Working hand-in-hand with land-use and density planning, appropri-
ate transportation planning is also necessary to achieve walkable 
urbanism. Here again, a paradigm shift is necessary at all scales, from 
national to local, which supports alternatives to personal automobile 
transportation. More convenient and available mass transit op-
tions for intercity and interstate transit, such as high-speed rail, are 
necessary. Locally, light-rail and bus-rapid transit options which can 
efficiently serve walkable urban districts are necessary.

Street design must respond not only to automobile use but also to 
pedestrian and bicycle use (an issue well addressed by form-based 
codes). Increasing street connectivity is a major imperative and 
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fortunately one which is gaining favor. In early 2009 the State of 
Virginia passed regulations requiring through-streets linking new 
development with neighboring development in an eff ort to increase 
safety, accessibility and save money.49 The regulations also require 
roads to be substantially narrower in order to reduce traffic speeds 
(thus countering a primary impetus for cul-de-sac development). 
Worth noting, many walkable urbanism proposals meet resistance 
when wide streets are required by fire departments insisting it is 
necessary for one fire truck to be able to pass another fully-deployed 
fire truck. Yet with highly connected, narrow streets it is possible 
for emergency vehicles to arrive at a given location by diff erent 
routes, which can actually increase the response times of emergency 
vehicles. Further, daily traffic safety is improved as narrow streets 
naturally reduce traffic speeds.50 

Obviously there are many details of transportation planning which 
must be addressed in the transition from suburban to urban develop-
ment. This work must proceed in concert with zoning reform as an 
integral part of walkable urbanism.

Summary

“Changing the geography of American metropolitan 
areas will be hard. For one thing, houses last a lot 
longer than cars. Long after today’s S.U.V.’s have 

become antique collectors’ items, millions of people 
will still be living in subdivisions built when gas was 

$1.50 or less a gallon.”

-Paul Krugman51 

49  Eric M. Weiss. “In Va., Vision of Suburbia at a Crossroads” The Wash-
ington Post. March 22, 2009; A01.

50  “Designing Streets for Walkability and Safety”, New Urban News.  2004. 
p18-19.

51  Paul Krugman. “Stranded in Suburbia” The New York Times. May 19, 
2008.
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The imperative to transform drivable suburbia toward walkable 
urbanism is clear socially, economically, and environmentally. 
Without such change, there is no possibility of maintaining the daily 
convenience of mobility and access without burning fossil fuels. 
Without such change, in the coming decades households of smaller 
and smaller size will require more and more land expansion, increas-
ing fossil-fuel demand and carbon emissions and maintaining a lack 
of social cohesion. Replacing counter-productive, low-density, segre-
gated-use zoning plans with critical-mass density, mixed-use plan-
ning is key. Form-based codes, as espoused by New Urbanism, are a 
valuable community-focused tool to support this transition, aligning 
city policy with social, environmental, and economic goals. In the 
worst cases of climate change and energy crises, basic municipal 
functionality may be preserved; in the best of all cases, climate and 
energy security may be achieved along with the development of truly 
inspirational, socially-vibrant living and working neighborhoods. 

Certainly the existing suburban fabric will not transform overnight. 
Indeed cul-de-sac property lines may be with us forever. But as 
we recognize the impossibility of a fossil-fuel dependent, carbon-
emitting lifestyle suburbia will adapt through varying degrees of 
rebirth and abandonment. The choice is ours, here today, whether we 
will embrace change proactively or whether we will postpone ac-
tion, and let the status quo persist until crises force reactive change. 
Everyone’s future depends on our decision.
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Building Fabric—Past and Present 
The Building Energy Footprint

“It is not too much to expect that our children will 
enjoy in their homes electrical energy too cheap to 

meter; will know of great periodic regional famines 
in the world only as matters of history; will travel 

effortlessly over the seas and under them and 
through the air with a minimum of danger and 

at great speeds, and will experience a lifespan far 
longer than ours, as disease yields and man comes 
to understand what causes him to age. This is the 

forecast of an age of peace.”

Lewis L. Strauss
Chairman of the Atomic Energy Commission 

New York Times, August 7, 1955

From such dreamy misinformation Americans have time-and-again 
allowed themselves to believe that limitless consumption and growth 
is possible. Yet the reality of fossil-fuel depletion and climate change 
remain—along with so many other environmental constraints—and 
the task of immediate corrective action falls squarely on the shoul-
ders of present generations. 

The last two chapters revealed how societal energy consumption can 
be cut roughly in half,  while simultaneously improving the livability 
of cities through walkable urban development. The final chapters of 
this book examine the next big hole in the bucket—building energy 
use—and reveals how we can make dramatic reductions in energy 
use while again simultaneously improving livability, namely through 
the “Passive House” building standard. 

The existing US building stock, including most new buildings being 
added to it even as this is being written, is among the most energy-
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intensive in the world. Like our transportation system, our building 
culture assumes availability of a cheap, abundant, and problem-free 
fuel supply which simply does not exist.

How Buildings Use Energy

At the scale of the individual building, energy can be thought of as 
either embodied or as operational energy. Embodied energy refers 
to the energy used in the initial production, construction and on-
going maintenance and renovation of the building and its materials. 
Operational energy is the energy used in service of the building’s 
function, from heating and cooling to powering appliances. Of these 
two, operational energy is generally much greater as shown in 
Figure 27.

 

Initial 
Embodied

7%

Maintenance & 
Renovation

11%

Operation
82%

Initial 
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7%

Maintenance & 
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This chart reveals the total lifetime energy use of a three-Figure 27: 
story office building examined over a 50 year lifespan. The figures are 
similar for residential buildings. The dominance of operational energy 
is clear, making this the priority for improvement (data from: Raymond 
J. Cole and Paul C. Kernan, “Life-Cycle Energy Use in Office Buildings” 
Building and Environment, Vol 31. No. 4. (1996) p310).

The operational energy footprint is further examined in Figures 28 
& 29, which categorize the “end-use” of operational energy in US 
residential and commercial buildings. Significant diff erences are 
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immediately apparent between the two building types. Residential 
building energy use tends to be “envelope-driven”, meaning that the 
largest energy loads are caused by energy loss through the enclosing 
walls, roof, and floor of the building, which cause the large heating 
and cooling loads shown in the graphs. On the other hand, com-
mercial building energy use is frequently driven by internal loads—
mostly lighting and the “other uses” category which includes appli-
ances, equipment, and plug loads. These elements not only consume 
energy themselves but also give off  heat in the building which aff ects 
the heating and cooling load (heat gains from occupants can also 
be significant). If the lighting and “other use” loads are significantly 
reduced (which is often feasible with modest eff ort and investment, 
especially in new construction), internal heat gains will be reduced 
and the building’s energy use may become dominated by the enve-
lope, as it is with residential buildings. Of the two, residential build-
ings account for the overwhelming majority of the built environment 
(approximately 74% of the total constructed square footage in the 
US in 2007)52 therefore envelope-driven buildings are the focus of 
this document. As for the architect or engineer whose work is mostly 
commercial and internal-load driven, the information in this text 
remains applicable but considerations for daylighting and appliance 
efficiency, for example, are also important.

 
Operational Energy End-Use in Commercial Buildings, 2005. Figure 28: 

(Source: IPCC “Residential and Commercial Buildings” Mitigation-
Buildings Ch 6, based on EIA data).

52  Robert A. Murray. “The Construction Outlook: Implications for Archi-
tecture Firms” AIA Convention, May 3, 2007.
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Operational Energy End-Use in Residential Buildings, 2005. Figure 29: 
(Source: IPCC “Residential and Commercial Buildings” Mitigation-
Buildings Ch 6, based on EIA data).

How Did It Get This Way?

Not so long ago, people didn’t expect the indoors to be very warm 
in winter or cool in summer, nor was indoor plumbing with hot 
water on tap common. With the widespread use of modern furnaces, 
air-conditioning, and hot water heaters over the course of the 20th 
century, comfort standards have risen in industrialized nations. It is 
always possible to return these comfort standards to historic levels 
and immediately, radically cut building fossil-fuel demand. And if we 
continue to delay significant corrective actions to end climate change 
then this may be the only final-hour reactionary option available 
(spurred no doubt also by fossil-fuel depletion). But, understandably, 
we like to be comfortable, and  in a proactive scenario, we yet have 
the opportunity to radically increase the efficiency of our buildings 
so that modern comfort standards can be maintained (and actually 
improved) within the budget of renewable energy supplies.

Since the advent of furnaces and water heaters, the low cost of 
energy has generally prevented any serious improvement in 
energy-efficiency. Where efficiency did increase was typically on the 
supply side, rather than the demand side of the equation. In other 
words, rather than making the building enclosure more efficient 
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(with added insulation for example) which would decrease energy 
demand, it was easier to make the heating and cooling system (the 
supply) more efficient, since this could be controlled by one entity—
the manufacturer—and didn’t involve costly whole-building renova-
tion or change common construction practices. The contemporary 
building is conceived basically just as it was 100 years ago, save for 
some added gadgets, insulation stuff ed in where there was space for 
it, and an extra pane of glass added to windows.

That said, the energy crisis of the 1970’s did trigger several pioneer-
ing developments in the US and Canada with the superinsulation and 
passive solar movements. While most of the attention went to the 
unconventional-looking passive solar houses, several experiments of 
the superinsulation movement achieved dramatic energy savings in 
unassuming houses (Figure 30). Research from this period focused 
foremost on improving the building envelope (the walls, windows, 
roof, and floor) without sacrificing indoor air quality, and established 
a few basic principles for success: high levels of uninterrupted 
insulation, air-tight construction, heat-recovery ventilation, 
and not too much glass (now that much better glass is available 
it’s possible to assimilate the principles of passive solar heating 
into the superinsulated house without problematic day/night tem-
perature swings). There were several popular instructional books 
from this movement, including The Super Insulated Retrofit Book, 
which remains a valuable resource for contemporary designers of 
“Passive House” buildings which will be discussed in the next chapter 
(Figure 31).53   

53  Brian Marshall and Robert Argue. The Super Insulated Retrofit Book: 
A Homeowner’s Guide to Energy-Efficient Renovation. Renewable Energy in 
Canada: 1981. 
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The first R-2000 home in Newfoundland (1980) utilizes a Figure 30: 
super-insulated envelope to substantially reduce its heating demand, 
yet it is indistinguishable from neighboring conventional houses 
(source: K&P Contracting).

While published in 1981, this detail of a superinsulated Figure 31: 
building envelope retrofit still today represents the “cutting-edge” (in 
America) in the advancement of building energy-efficiency (source: 
Brian Marshall et. al., p58).
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This wall detail (a bird’s-eye-view cut-through) comes from Figure 32: 
one of the first superinsulated building envelope research studies, the 
“Lo-Cal” House, developed at the Small Homes Council of the University 
of Illinois. This research was not put to much use in the US, but was 
referenced in Germany in the development of the now highly successful 
Passive House Standard discussed in the next chapter (source: Seichi 
Konzo and Marylee MacDonald. The Quiet Indoor Revolution. Small 
Homes Council-Building Research Council, University of Illinois, 1992).

Although several thousand superinsulated homes were produced 
by Canada’s R-2000 program in the 1980’s, such houses have never 
become mainstream because energy costs soon declined. Another 
possible reason that such houses never met with much popularity 
is that their technology is, to put it plainly, boring.  All of the innova-
tion of superinsulated houses is buried in the walls, roof, and floor 
and there’s little opportunity for the poetic expression that lends 
marketability (but on the other hand, it means little constraint in 
implementing the super-insulated principles in any building type 
or style). For whatever the reason, demand-side superinsulated 
efficiency has seldom been subsidized, whereas on the supply-side, 
sizable government subsidies for solar panels and geothermal heat 
pumps, for instance, are common even though they don’t save nearly 
as much energy relative to their cost as insulation does. Here Joseph 
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Lstiburek, an outspoken leader in the field of building science, off ers 
poignant commentary:

Architects love geothermal (next to PV [solar electric 
panels]). It is the technology du jour. However, what I see 
is another gadget to bolt on to a building that should have 
never been built in the first place. It’s more technology to 
attempt to justify poor enclosure design and poor architec-
ture. In my experience every dollar spent on conservation 
technologies saves two or more dollars on sexy equipment 
such as geothermal. In fact, I’ve come to the conclusion that 
we can save enough energy with conservation, so that the 
PV rarely makes sense—except as a social statement. This 
is OK by me, because I love to make social statements. But, 
at least I know when they are social statements. I also don’t 
try to get the taxpayers to subsidize my social statements.54

   
Lstiburek goes on to point out that most of the present “success” 
stories of the US Department of Energy’s Building America program 
(a program which aims to produce “zero energy buildings”) are not 
even as efficient as the superinsulated houses of 40 years ago.

Perhaps another reason that more attention is generally given to 
supply-side rather than demand-side efficiency is the nature of 
the building design process and its players. In a typical residential 
building situation, a production home builder chooses a stock plan 
based purely on salability. The same design may be built in Colorado 
or Florida, and the only provisions for energy efficiency are those 
either required by law or which increase salability. Even in a com-
mon “green” development the same basic house is produced but 
a few “green” features are applied, driven by marketability rather 
than actual environmental performance. Significant alteration to the 
actual design and construction is resisted, and preference is given 
to add-on features which are easy to implement, but not necessarily 
the most cost-eff ective in terms of energy efficiency. In a custom, 
architect-designed residence the situation is not much better. The 
typical architect focuses on beauty and livability—worthy consider-
ations no doubt—features that are central to their training, but are 
often resistant to the perceived limitations brought on by prioritizing 

54  Joseph Lstiburek. “Building America” ASHRAE Journal. Dec 2008.



BUILDING FABRIC—PAST AND PRESENT  69

energy-efficiency. From the architect’s perspective, it is much easier 
to depend on the technically trained mechanical engineer to handle 
this issue. This results in a focus on mechanical system efficiency 
without attention to the building envelope which creates the energy 
demand in the first place.

In a typical commercial building situation, the situation is a bit more 
complex. The architectural team produces a schematic design of a 
building based on many constraints, primarily function, budget, and 
aesthetics. These designers, who again typically have scant train-
ing and little interest in energy efficiency, determine the majority a 
building’s energy footprint during the initial schematic design phase 
(i.e. how much exposed wall area a building has, if its enclosure 
design is conducive to continuous superinsulation, how much glass 
it has, whether the glass that is used can be used for daylighting to 
decrease electric lighting use, if the form of the building takes ad-
vantage of passive conditioning opportunities of the specific climate, 
etc.). The design is then passed on to several teams of consultants 
for refinement, among them mechanical engineers who manage 
the design of the heating, ventilation, and air conditioning (HVAC 
or just “mechanical systems”), electrical, and plumbing systems. 
The mechanical engineers are charged with, among other things, 
ensuring thermal comfort in the building during the 97.5% coldest 
and hottest days. Their training and focus is in the design of specific 
mechanical systems. The design of the building, which is driving 
the demand for the mechanical systems’ supply, is not significantly 
considered because it involves so many stakeholders, uncertainties 
and constraints. Alterations to the whole-building system—such 
as increasing insulation levels or designing windows for optimum 
daylighting or passive solar heating—have to be coordinated and 
approved by many more people than alterations to the mechanical 
system. It is also notable that the governing professional society of 
building science in the US falls not within the domain of architecture 
or architectural engineering, but is rooted in the American Society of 
Heating, Refrigerating, and Air-Conditioning Engineers (ASHRAE). 
And so, for many reasons, the emphasis on the energy-efficiency of 
both residential and commercial construction tends to be on improv-
ing the active mechanical systems on the supply side, rather than 
improving the passive systems driving the demand side.
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Another important result of the 1970’s energy crisis was the es-
tablishment of energy codes regulating new construction in the US. 
Notably, the primary focus of the Energy Policy and Conservation 
Act of 1975 was to regulate the price and allocation of oil. Only three 
years later was the establishment of building energy codes amended 
to this bill to promote building energy efficiency.55 And so again, at 
a national scale, this unfortunate trend is evident: focusing first on 
the supply side, before recognizing the need to reduce energy use 
on the demand side. Unfortunately, creating meaningful progress in 
energy efficiency through mandatory energy codes has consistently 
met strong resistance from interest groups such as the National 
Association of Home Builders (NAHB), whose members presumably 
fear a loss of profits if such regulations increase the cost of new 
homes. However, the 2009 American Clean Energy and Security Act 
(at press time passed by the House and moving through the Senate) 
currently contains provisions which would require new construction 
to achieve 30% energy-use reductions compared to current code-
equivalent buildings in 2010, and 50% reductions by 2014-2015, 
and be increased by 5% every 3 years thereafter until 2030. This is 
a powerful and significant first step toward a fossil-fuel exit strategy. 
According to the research of the Architecture 2030 non-profit orga-
nization, these provisions would save as much energy as would be 
produced by 600 nuclear power plants, and yet be far cheaper.56

What About “Green” Buildings?

With all of the publicity around “green building” of late, has the 
situation improved? The value of “green” buildings is as ambiguous 
as the name implies. The most prominent green building program in 
the America, the US Green Building Council’s “Leadership in Energy 
and Environmental Design” (LEED) program, has laudable goals, and 
is certainly increasing public awareness of building-environment 
issues, but because of its emphasis on marketability, it has greatly 
limited its actual eff ectiveness. The source of this problem stems no 

55  “History of Codes” Building Codes Assistance Project. [Retrieved on 
Nov 2009 from http://bcap-energy.org/node/18].

56  Architecture 2030. “Oh, Those Sexy Building Codes” E-News Bulletin. 
No. 16. July 23, 2009.
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doubt from the USGBC’s inception: it was founded not by architects 
or engineers with a sound technical understanding of the relation-
ships between building and environment, but by marketing and 
real-estate professionals. The first long-awaited technical evaluation 
of LEED buildings rather brashly concluded that the buildings had 
achieved a 30% energy-use reduction relative to code-equivalent 
buildings. Unfortunately, upon scrutiny the report was shown to 
be wrought with errors. Further analysis of the data revealed that 
the LEED buildings performed “about like average buildings”.57,58 
The LEED program focuses so much attention on marketability that 
it greatly neglects the most vital of “green” considerations: fossil-
fuel consumption. For a program called “Leadership in Energy and 
Environmental Design” this verges on fraudulence, and does great 
harm by leading the public to erroneously believe that something is 
actually being done to stop climate change.

Several factors seem to contribute to this failure. First, the point-
system of the LEED program functions more as a prescriptive rather 
than a performance-based standard, weakening its potential: 

by relying on a cumulative point system, LEED encourages 
developers to nitpick over individual details rather than 
creatively approach a building’s overall sustainability—
making the sum of a building’s LEED points less than its 
parts.59 

For instance, installing a floor grate at the entrance of a building 
(to minimize dirt and debris passage) earns one point, whereas 
reducing a building’s heating and cooling load by 10% (a much 
more important and costly endeavor) earns just two points.60 Quite 

57  William B. Rose, Research Architect of the University of Illinois Build-
ing Research Council. Commentary from “Lies, Damn Lies, and... (Another 
Look at LEED Energy Efficiency)” web log. Retrieved Oct 2010 from [http://
www.buildinggreen.com/live/index.cfm/2008/9/2/Lies-Damn-Lies-and-
Are-LEED-Buildings-iLessi-Efficient-Than-Regular-Buildings]

58  John H. Scofield. “A Re-examination of the NBI LEED Building Energy 
Consumption Study” presented at the International Energy Program Evalua-
tion Conference. Portland, Oregon, Aug 2009.

59  “Rethinking LEED” Energy Design Update. Aspen Publishers. July 2008, 
p5-6.

60  Pat Murphy. The Green Tragedy: LEED’s Lost Decade. Arthur Morgan 
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simply, the program does not facilitate a rigorous method of reduc-
ing energy-use. No tools are off ered to help architects and engineers 
collaborate to advance whole-building efficiency, and the energy 
modeling protocol which is prescribed is not sufficiently rigorous to 
ensure that predicted energy savings (which is the program’s only 
basis for reward) match actual energy savings once the building is 
built and in operation. Part of this problem may actually be a result 
of the limitation of ASHRAE Standard 90.1—one of the standards on 
which building energy codes are based—which takes no account of 
building air-tightness.61 And finally, the training program for LEED 
accredited professionals is focused on teaching the nuts-and-bolts of 
the LEED rating system, not on educating building designers about 
how to design better buildings. These factors must be addressed for 
the LEED program to truly live up to its name.

Fortunately a much more eff ective building energy-efficiency pro-
gram, the Passive House Standard, is now widespread throughout 
Central Europe and is slowly gaining momentum in the US (this will 
be discussed in the next chapter). The US Green Building Council 
would do a great service by adopting the Passive House program as 
a prerequisite energy performance standard for its LEED program. 
This would immediately restore its credibility and allow it to con-
tinue to do what it does best: marketing.  

Measuring Building Energy Performance

There are several building energy efficiency rating systems and 
programs in the US, such as Energy Star Homes, HERS (Home 
Energy Rating System), and LEED (which addresses energy as part 
of a larger scope). Yet these programs generally share a problem 
endemic to the field of buildings and energy in general in the US: a 
lack of standardized and commonly recognized metric by which to 
measure energy use in buildings. In the US building energy use is 
measured with various units depending on the energy source and 
application: units of BTU’s or therms or even cubic feet are used for 
natural gas, kilowatt-hours (kWh) for electricity, and cooling tons for 

Institute for Community Solutions, 2009. p9.
61  William B. Rose. Commentary from web log previously cited.
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air-conditioner sizing, for example. Additionally most rating systems 
do not adopt specific metrics which can be understood across diff er-
ent buildings and building types. For example, rather than measuring 
total energy use per building per year (i.e. kWh/yr) or energy use 
per square foot of building per year (kWh/ft2-yr), rating systems 
often measure success relative to the same building design if it had 
been constructed according to minimum code requirements (i.e. 
“30% better than code”). The HERS (home energy rating) system 
has created its own point system based on such an approach. This 
has several very significant limitations. First, it doesn’t address what 
gets designed in the first place. A large sprawling house may be 
30% more efficient than its code-minimum equivalent, but it may 
still consume two or three times as much energy as a more modest 
house. Second, it is meaningless in terms of comparing one building 
with another—will my energy bills be lower if I buy this 20% better-
than-code townhouse or that 40% better-than-code stand-alone 
house? Third, the reference—a code minimum building—is always 
changing, making comparisons over time impossible. Fundamentally 
the problem is that they just don’t tell you how much energy a build-
ing uses. If we want to reduce building energy use, it is helpful to talk 
about building energy use, not about how much percent better we’re 
doing than some arbitrary standard required by law.

The energy used by a building should be as commonly understood 
and regulated as miles-per-gallon is in the automobile industry. 
Saying that a house has a “HERS rating of 30” provides a conceptually 
simple number (that we must presume is meaningful) but it doesn’t 
convey anything of real usefulness. Saying that a house uses “50 
kBTU’s per square foot per year”, allows one with some experience to 
figure out what that’s going to cost, and how its energy performance 
relates to other buildings of diff erent type, location, size, and time. 
Additionally, such statistics can be related to the targets of climate 
change action plans.
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The Building Fabric of a Fossil-Fuel 
Exit Strategy

Conservation and Efficiency

The most cost-eff ective priority to reduce fossil-fuel consumption is 
to reduce demand through conservation and efficiency.62,63 Only once 
demand is substantially reduced does it become cost-eff ective to 
consider investment in renewable, carbon-neutral fuel supplies.

Conservation is an old-fashioned value destined to return. Valuable 
lessons were learned by the generations that lived through the Great 
Depression. Simply put, conservation is the cheapest and easiest way 
to dramatically reduce your carbon footprint. When an avalanche 
disabled much of Juneau, Alaska’s access to their hydroelectric power 
in April 2008, electricity rates rose by 400%. Within weeks the aver-
age household energy consumption had dropped by 38% as people 
began conserving their use of hot water, clothes dryers, and the like.64 
Additionally adopting a conservative attitude is important because 
without it, efficiency can actually lead to increased energy consump-
tion when the money saved from an efficiency upgrade is then simply 
directed toward other more energy-intensive activities.

62  “The Impact of Federal Energy Efficiency and Renewable En-
ergy R&D Programs”. Hearing before the Subcommittee on Energy, 
Committee on Science, House of Representatives, 108th Congress, 
2nd Session, May 19, 2004. Serial No. 108-59. p4.

63  M. Levine, D. Ürge-Vorsatz, K. Blok, L. Geng, D. Harvey, S. Lang, G. 
Levermore, A. Mongameli Mehlwana, S. Mirasgedis, A. Novikova, J. Rilling, 
H. Yoshino. “Residential and commercial buildings”. Climate Change 2007: 
Mitigation. 2007. Contribution of Working Group III to the Fourth Assess-
ment Report of the Intergovernmental Panel on Climate Change [B. Metz, 
O.R. Davidson, P.R. Bosch, R. Dave, L.A. Meyer (eds)], Cambridge University 
Press, Cambridge, United Kingdom and New York, NY, USA. p393.

64  “Juneau Residents Drastically Reduce Energy Use” Energy Design 
Update. Aspen Publishers. July 2008, p8.
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Once a conserving attitude is internalized, efficiency is the impera-
tive. According to the “key conclusion” of the 2007 assessment report 
of the Intergovernmental Panel on Climate Change regarding climate 
change mitigation in the building sector: “substantial reductions in 
CO2 emissions from energy use in buildings can be achieved over the 
coming years using mature technologies for energy efficiency that 
already exist widely and that have been successfully used.”65 The 
report identifies energy efficiency in new and existing buildings as 
“the most diverse, largest and most cost-eff ective [climate change] 
mitigation opportunity in buildings” (and cites the Passive House 
building standard as an exemplary opportunity). As an example, 
the building energy code improvements proposed by the research 
group Architecture 2030  have been predicted to eff ect a reduction of 
energy consumption in the building sector by 40% below 2005 levels 
by 2050, and a reduction of carbon emissions by 49% below 2005 
levels by 2050. By contrast bringing 100 new nuclear power plants 
online by 2050 without these energy code improvements would 
increase building-sector carbon emissions by approximately 17% 
(Figure 33).66 Even the Real Goods Solar Living company (a leading 
vendor of renewable energy technology in the US) points out in their 
catalog that $1 invested in conservation and efficiency is worth $8 
invested in a photovoltaic energy system. And finally, even when 
comparing efficiency to conventional fossil-fuel development, a 2004 
Congressional hearing finds that, “energy efficiency improvements 
can reduce demand more quickly than longer-term development of 
new sources of nuclear or fossil-based energy can expand supply.”67

65  M. Levine, p389.
66  Architecture 2030. “Oh, Those Sexy Building Codes”.
67  “The Impact of Federal Energy Efficiency and Renewable En-

ergy R&D Programs”, p4.
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U.S. Building Sector Energy Consumption Projections 2005-Figure 33: 
2050. Expanding energy supply through significant nuclear power 
investment (column two) increases both energy demand and carbon 
emissions by 2050. Conservation and efficiency brought about through 
the aggressive building energy codes proposed by the Waxman-Markey 
Climate Bill (column three) reduces both energy demand and carbon 
emissions significantly (Source: Architecture 2030, data from EIA).

Conservation and efficiency are clearly the most eff ective, the cheap-
est, and the quickest means to realize substantial reductions in fossil-
fuel demand and carbon emissions. Quite simply, we cannot aff ord 
to meet the energy demand of our present poorly-insulated building 
fabric with renewable energy. We can however invest in a radically 
more energy-efficient building stock so that present and future 
generations may have the opportunity to maintain contemporary 
comfort standards without dependence on fossil-fuels and without 
furthering climate change. 
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Strategy and Regulation

Just as conventional zoning laws compel automobile use, current 
building energy codes compel the market-driven building industry 
to produce buildings with excessive energy demand. Building codes 
exist with the intention of protecting public health, safety and 
welfare. Yet the definition of “public” has been limited to a consider-
ation of building occupants, and as David Eisenberg, director of the 
Development Center for Appropriate Technology, points out, this 
comes to the detriment of the public at large:

If, inadvertently, the codes are actually jeopardizing the 
health and safety of everyone on the planet by ignoring 
their impacts on resources and the environment, resulting 
in the destruction of the ecosystems that sustain us, we are 
obligated to re-invent the codes with that larger perspec-
tive… This is at a point when only two billion of the nearly 
six billion people on the planet live and work in modern 
resource-intensive buildings. The projection is that in fifty 
years, it will be four times that many. (Figures from [1995] 
Worldwatch Paper #124.) Apply the level of resource in-
tensity that is, essentially, required by our modern building 
codes in the US to the world population and it is apparent 
that it’s not even remotely possible to house that number 
of people in this manner, with the available resources.68  

The establishment of energy codes in the 1970’s was a first step 
toward an expanded sense of public welfare, but until these codes 
base their standard on a fossil-fuel exit strategy with a time-table for 
ending climate change they fall short of their imperative to protect 
public welfare. 

Just such a strategic basis is off ered by the Architecture 2030 
Challenge issued by the non-profit research group Architecture 
2030, led by architect Edward Mazria. The 2030 Challenge, which is 
adopted on a voluntary basis, specifies energy-use reduction targets 
for both new and retrofit construction which start at 50% energy-use 
reduction and ratchet up every five years to achieve net-zero-energy, 

68  David Eisenberg. “Sustainability and the Building Codes” The Last 
Straw: The Grassroots Journal of Straw Bale and Natural Building. Issue 
#24, Winter 1998-99.
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carbon-neutrality by 2030. The plan is endorsed by many institu-
tions such as the US Environmental Protection Agency, the American 
Institute of Architects, and the US Conference of Mayors. As a vol-
untary program it has little traction for widespread adoption, but if 
implemented through building energy codes then such regulation 
would prompt major building-efficiency advancements in the US. The 
energy performance standards of the Architecture 2030 Challenge 
are currently required of all federal buildings and are also included 
in the Waxman-Markey climate bill of 2009 passed by the US House 
of Representatives. Passage of such legislation would eff ect a true 
paradigm shift in building energy-use, as was previously outlined 
in Figure 6. As Mazria reveals, by the year 2035 approximately 75% 
of the existing US building stock will be either newly constructed 
or renovated. Ensuring that this construction achieves aggressive 
energy-efficiency standards is a critical component of a fossil-fuel 
exit strategy. 

Such regulation would establish aggressive energy efficiency as a 
matter of public policy. This would provide the impetus necessary 
for architects, engineers, and builders to truly collaborate and work 
through the complexities involved in producing radically efficient 
buildings. It would also spur market innovation. Prompting, for 
example, US window manufacturers to produce the triple pane 
windows which are commonly available in Europe. Indeed, with the 
catalytic change provided by such regulation, the US may regain its 
global competitive edge in research and product innovation in the 
building industry. Many jobs will certainly be created throughout the 
nation as well.

Stringent energy codes alone would no doubt stifle the building 
industry. And indeed stifling the current production of energy-
intensive buildings is necessary to stop climate change. Yet to steer 
the construction industry toward a positive future subsidies and 
incentives are also necessary to support those aspects of change 
that are most valuable to society-at-large. A well crafted combina-
tion of subsidy and penalty is necessary which is beyond the scope 
of this book (on this note, see James Hansen’s “Carbon Tax & 100% 
Dividend” testimony in the Appendix which proposes a conceptu-
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ally simple, cost-neutral incentive structure to reduce energy-use/
carbon-emission at a societal scale).

Unfortunately, government regulations, such as stringent energy 
codes, go against the grain of common American libertarian values as 
previously discussed. Yet, the problems of fossil-fuel dependency and 
climate-change are society-wide, long-term problems propagated 
by individual, short-term interests. Therefore, like cattle-ranchers 
coming to an agreement in sharing a limited water resource, collec-
tive and cooperative problem-solving with an interest in long-term 
sustainability is key. Much of this collective action is, no doubt, 
voluntary, as the current green building movement demonstrates. It 
has also been demonstrated for decades by people who simply see 
the wisdom in living conservative lifestyles. And yet to change the 
trajectory of the dominant paradigm in any time frame which would 
avoid catastrophic global warming, especially driven as this para-
digm is by corporate, short-term investment interests, it is necessary 
that our society put in place mandatory rules to protect the interests 
of the common good. Indeed, this is a fundamental reason for the 
existence of a democratic government: a tool to help citizens manage 
their collective society.

Radically Increasing Building Efficiency

So how do we produce the highly efficient buildings demanded by 
the Architecture 2030 Challenge, for example? Responding to the 
energy end-use charts shown previously in Figures 28 & 29, an over-
view of recommended priorities for change is proposed in Figure 34.
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Much could be said about any one of these categories but the biggest 
priority for building professionals, and perhaps the most difficult to 
achieve, is substantially increasing the efficiency of the building en-
velope. This is true for several reasons. The building envelope is the 
biggest component of a “building” and thus it aff ects and is aff ected 
by virtually all participants in the building design and construction 
process. Changing the conventional building envelope requires 
motivation, eff ort, and collaboration. Additionally, realizing signifi-
cant envelope efficiency has a window of opportunity limited to a 
major construction undertaking. By contrast, appliance efficiency 
upgrades or active renewable energy systems can be added more 
easily outside of such an undertaking. For this reason construction 
projects should prioritize envelope efficiency (based on an energy 
reduction target tied to a climate change remediation schedule) in 
order to establish the requisite infrastructure to make true sustain-
ability possible. 

The remainder of this chapter takes a more in-depth look at one of 
the world’s most ambitious and successful building energy efficiency 
standard, the Passive House Standard.  

Envelope Engineering: The Passive House Standard

The Passive House Standard has resulted in hundreds of the most en-
ergy-efficient buildings in the industrialized world, from the first set 
of Passive House row-houses built in 1990 in Germany (Figure 35) 
to the first high-rise office tower built to the Passive House Standard 
completed in Linz, Austria in 2009. In German, “passivhaus” means 
literally, “passive building” and as such the Passive House method-
ology applies to all building types, and centers on the concept of 
maximizing investment in passive energy-efficiency measures (i.e. in-
sulation and airtightness) in order to minimize investment in active 
energy use (i.e. heating systems) (Figure 36). The cost-eff ectiveness 
of this approach increases at a critical point where heating loads are 
cut by 80 - 90% and a conventional heating system is no longer nec-
essary. In such cases a Passive House residence can often be heated 
with the equivalent of a hair dryer, and this heat can be supplied by 
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the low-flow ventilation air supply which is necessary in any case. 
The Passive House Standard is defined by specific energy-use and 
envelope performance targets which were derived from this concept 
(Figure 37). As such it is a completely performance-based standard 
which makes no prescriptive requirements such as material choice.
 

 
The first Passive Houses, a series of four rowhouses, were Figure 35: 

built in Darmstadt, Germany in 1990 (photo by the author).

To enable building designers to predictably meet these ambitious 
performance requirements, an energy modeling software was de-
veloped specifically for the rigorously efficient standard: the Passive 
House Planning Package (PHPP). While the software’s spreadsheet 
platform is quite simple, the program is actually much more rigorous 
than typical energy modeling programs because it is tailored to the 
detailed conditions of a highly insulated, thermal-bridge-free build-
ing enclosure.69 For example, the PHPP requires very detailed data 
entry concerning windows, including glass conductivity (U-value), 
frame conductivity, as well as the conductivity of the spacer used

69  Wolfgang Feist, et al. Passive House Planning Package 2007: Specifica-
tions for Quality Approved Passive Houses. Passivhaus Institut, 2007.
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Comparing a Passive House building to a conventional Figure 36: 

building is analogous to comparing an insulated thermos (left) to 
a coff ee carafe on an active burner (right).  Through continuous 
insulation and air tightness the thermos passively conserves the 
coff ee’s heat whereas the open carafe requires active heating to keep 
the coff ee hot. The infrared image (at top) shows the stark diff erence 
in heat loss between the two containers. The concept applies the same 
for conserving air-conditioned cooling as well (Source: Passivhaus 
Institut).

between panes of glass and the conductivity of the thermal bridge 
that occurs between the window and its host wall. Such detail allows 
accurate energy predictions to be made of buildings with such a radi-
cally minimized heating demand. In addition to the submission and 
review of PHPP modeling results for a given building design, a
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Metrics of the Passive House StandardFigure 37: 
REQUIREMENTS SI Units IP Units
Annual Heating Energy Demand* ≤ 15 kWh/m2 ≤ 4.75 kBTU/ft2

Annual Total Source Energy Demand* ≤ 120 kWh/m2 ≤ 38.0 kBTU/ft2 

Air Leakage @ 50 Pa n50 ≤ 0.6 h-1 n50 ≤ 0.6 ACH50

RECOMMENDATIONS
Envelope Insulation U  ≤ 0.15 W/m2K R ≥ 38 hr.ft2.F/BTU
Thermal-Bridge-Free Construction

Linear Thermal Transmittance ≤ 0.01 W/mK  ≤ 0.006 BTU/hr.ft.F
High-Performance Windows

Overall Thermal Insulation U  ≤ 0.8 W/m2K R ≥ 7.1 hr.ft2.F/BTU
Solar Heat Gain Coefficient SHGC ≥ 50% SHGC ≥ 50%

Heat Recovery Ventilation (required)
net efficiency h ≥ 75% h ≥ 75%

*The metrics of the Passive House Standard are based on energy use per net usable floor 
area . Areas occupied by walls are subtracted, for example. In commercial buildings 
circulation space is also excluded. This is signicantly different from conventional US 
metrics making cross comparison inaccurate (the error makes US buildings appear to 
perform better by comparison).

“blower-door” test is conducted during construction to verify that a 
building achieves the targeted air-tightness standard. 

To date several thousand housing units achieving the Passive House 
Standard have been realized throughout Central Europe as well as a 
substantial number of commercial and institutional buildings includ-
ing schools, retail stores, factories, and multistory office buildings. 
Twelve residential projects (both single-family and multifamily) were 
analyzed through a European Union study from 1998 to 2001 which 
verified the buildings’ energy performance and found that the added 
cost of achieving the Passive House standard was on average 8% of 
total building cost70 (in the author’s experience cost increases for 
single family Passive House residences in the US are typically around 
15%). Additionally, it was found that occupants were generally highly 
satisfied with the buildings due to the stable indoor temperatures 
and the high indoor air quality which is made possible through 
controlled, filtered ventilation (windows can still be opened as with 

70  Jurgen Schnieders “CEPHEUS-Measurement Results from More Than 
100 Dwelling Units in Passive Houses.” European Council for an Energy Ef-
ficient Economy, 2003 Summer Study Proceedings, 2003.
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any building, but obviously this is not recommended when it is cold 
outside). In the United States one to two dozen Passive Houses have 
been constructed and many more are under construction at the time 
of this writing (including at least one school and one commercial 
building).71 

 
The Energon office building—an 86,000 square foot Passive Figure 38: 

House in Ulm, Germany built in 2002.

Because Passive House buildings have such an efficient well-engi-
neered envelope, the majority of their heating demand can be met 
with passive solar heat and internal heat gains. In fact, during power 
outages in which supplemental heating is not functioning, even in 
the middle of winter, with normal occupancy a Passive House will 
not drop below 54-59°F.72 Thus power outages are not debilitating 
or life-threatening in a Passive House. But beyond mere survivability, 
Passive Houses are extremely comfortable. Interior surface tem-
peratures are much warmer than in conventional houses, reducing 
cold sensations near windows for example, and interior temperature 
distributions are quite even. With continuous, filtered ventilation,

71  Mary James. Recreating the American Home: The Passive House Ap-
proach. Low Carbon Productions, 2010.

72  Helmut Krapmeier and Eckart Drössler ed. CEPHEUS—Living 
Comfort without Heating. Vienna: Springer-Verlag, 2001.



THE BUILDING FABRIC OF A FOSSIL-FUEL EXIT STRATEGY 87

 The first Passive House built in the US—a single family Figure 39: 
residence in Urbana, Illinois built in 2003 by Katrin Klingenberg, 
current director of the Passive House Institute US (photo by the author).

indoor air quality is much better than in conventional build-
ings. Occupant evaluations of Passive Houses in the international 
CEPHEUS study have been overwhelmingly positive regarding both 
thermal comfort and indoor air quality: “at last I don’t have cold feet 
anymore,” exclaimed one occupant.73

73  Wolfgang Feist, Soren Peper, and Manfred Gorg. “CEPHEUS Final 
Technical Report” CEPHEUS Project Information No. 36. Passivhaus Institut, 
2001. p79.



88 URBANIZE & INSULATE

Passive House Design

Sheltering ourselves on this planet sustainably, and specifically, 
meeting our contemporary comfort standards with renewable 
energy resources, requires calling some standard assumptions 
into question. With this appreciation the design of a Passive House 
building should begin. Most importantly, the basic geometry of the 
building’s thermal envelope should minimize its exposure to the en-
vironment as appropriate in a given climate. This is most critical with 
single-family detached houses, which quickly become impractical 
as Passive Houses as geometric complexity and exposure increases. 
With attached housing and commercial buildings more flexibility is 
possible, and compactness must be balanced with considerations for 
daylighting and natural ventilation, for example. Window design is 
highly critical in all Passive House designs. Because of the relatively 
low-insulating value (low R-value) of even triple-pane windows as 
well as their propensity to accept solar heat gains (desired or not), 
and also because of their aff ect on electric lighting loads, windows 
must be strategically placed, sized, and shaded, and contain glaz-
ing with optimum properties (a balance of U-value, solar heat gain 
coefficient, and visible transmittance). The Passive House planning 
software is an indispensable design tool in this regard. 

The basic elements of a Passive House building are summarized in 
Figure 40 and further described herein.

Superinsulation—A Passive House building is defined by a continu-
ous, highly insulated thermal envelope. In plan and section views of 
a building, the designer should be able to trace along this envelope 
without picking up her pen. The thermal envelope cannot be signifi-
cantly compromised by thermal bridging—a “thermal bridge” is any 
significant lapse in insulation levels caused by a conductive material 
such as metal or concrete which penetrates the thermal envelope. All 
junctions such as between the ground condition (i.e. floor slab, base-
ment, etc.) and exterior walls, and walls and roof, etc. must be contin-
uously insulated. Windows and doors must also be highly insulating 
(i.e. triple-pane windows with insulated frames) and installed in a 
manner that limits thermal bridging around their perimeter. Indeed 
few such windows are available in the US that would meet Passive
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Basic principles of Passive House design: minimizing energy Figure 40: 

use while maximizing livability.

House certification requirements for U-value and air-tightness, 
although they are common throughout Europe. One example of a 
Passive House envelope assembly is shown in Figure 41, however the 
Standard makes no prescriptive requirements that certain materials 
or construction methods be used.
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An example of a Passive House envelope assembly. As a Figure 41: 
performance-based standard, Passive Houses are not limited to any 
particular construction materials or methods (Source: Green Hammer).

Structural 
stud wall

Thickened edge slab with 
continuous air barrier below 
and wrapped up and sealed to 
wall air barrier layer.

Rigid foam below slab and 
around perimeter

Structural sheathing acts as air barrier 
(and often vapor retarder). All seams 
sealed. All services run in stud cavity 
to minimize penetrations through air 
barrier.

Curain Truss: Solid wood chords 
and plywood gusset plates. Width 
is based on climate.

Dense-pack cellulose insulation 
fills all cavities (high density 
necessary to prevent settling)

Exterior sheathing and 
ventilated cladding

Electrical 
chase below 
air barrier to
minimize 
penetrations

Truss or I-joist roof framing sized to 
accomodate required insulation level 
(based on climate)

Triple-pane windows with insulated 
frames. Proper summer shading 
necessary. Winter solar gain 
recommended where possible. 
Operable windows are possible for 
natural ventilation during fair weather.
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Airtightness—Also defining the thermal envelope of a Passive 
House, running alongside the insulation, is a continuous air bar-
rier. This air barrier must be carefully designed and constructed to 
achieve an unprecedented degree of air-tightness—0.6 ACH50 (air 
changes per hour under 50 pascals of pressure). By comparison 
many common buildings are on the order of 20 ACH50 and even many 
“tight” buildings are not less than 5 ACH50. In the US housing industry 
air-tightness eff orts often do not go beyond this point because doing 
so makes mechanical ventilation necessary, increasing initial costs. 
Even among the ambitious housing projects which have transgressed 
this boundary (for instance some projects of the US Department of 
Energy’s “Building America” program) air-tightness beyond approxi-
mately 2 ACH50 is rarely achieved. Critics suggest that going beyond 
this, to achieve the Passive House Standard of 0.6 ACH50 requires a 
very simple building form (increasing the number of corners makes 
air tightness more difficult).74 Such claims deserve consideration, 
yet many Passive House buildings abroad have been realized which 
exhibit no geometric restraint and are indiscernible from their 
conventional counterparts. The additional benefit of such a stringent 
air-tightness standard is increased durability, due to the lowered risk 
of air infiltration carrying moisture into wall and roof assemblies.

This air-tightness standard must be verified during construction 
through the use of a “blower-door” test (Figure 42). This on-site test-
ing has the additional eff ect of directing attention to the construc-
tion process to ensure the designer’s details and specifications are 
properly constructed.  

74  John Straube. “The Passive House (Passivhaus) Standard: A Compari-
son to Other Cold Climate Low-Energy Houses” Insight. No. 25. October 
2009. www.buildingscience.com.
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A “Blower-Door” test is required during and after Figure 42: 
construction to verify the rigorous airtightness requirement has been 
achieved (photo courtesy of Green Hammer).

Heat-Recovery Ventilation—With such a tight envelope in a Passive 
House, mechanical ventilation must be supplied, and to minimize 
energy losses a balanced heat-recovery ventilation system is used to 
recover at least 75% of the energy of the exchanged air. A conceptual 
diagram of a typical residential system is shown in Figure 44. The 
ventilation air typically flows constantly at low flow rates (or in 
response to occupancy in commercial buildings). This air flow is 
generally imperceptible to occupants, being much slower and quieter 
than conventional forced-air systems. And yet the heat load is so 
small in Passive Houses in moderate climates that heating can often 
be distributed with this low flow-rate of air. Further because the 
envelope of a Passive House is so well insulated, the interior surface 
temperatures of walls and windows are high enough that heating 
does not have to be actively supplied in their proximity to maintain
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The air barrier of this Passive House residence was achieved Figure 43: 
by taping the seams of the plywood sheathing continuously. The black 
band at the base of the building is the sub-slab air barrier sheeting 
material which has been wrapped up and taped to the wall sheathing 
to achieve continuity of the air barrier (photo courtesy of Robert 
Hawthorne).

interior comfort.75 And because the envelope loses heat so slowly, 
temperatures are relatively even throughout the building. In the 
ventilation system of a typical Passive House residence, fresh air is 
supplied to frequently occupied rooms such as bedrooms and living 
rooms, and air is removed from rooms which generate odors and pol-
lution such as bathrooms and kitchen. Because heat does not need 
to be supplied in direct proximity to windows (as with less efficient 
buildings) duct runs can be much shorter. 

75  Wolfgang Feist, Jurgen Schnieders, Viktor Dorer, and Anne Haas. “Re-
inventing Air Heating: Convenient and Comfortable within the Frame of the 
Passive House Concept.” Energy and Buildings. Vol. 37. Issue 11. Nov 2005. 
pp.1186-1203.
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Conceptual diagram of a balanced heat-recovery ventilation Figure 44: 
system typical of residential Passive Houses. The system is simplified 
from conventional forced-air systems because the heating load can 
often be supplied within the modest ventilation supply air volume. In 
cold climates, where this is not possible, small additional heat sources 
(such as a towel warmer in the bathroom) can be used. Additionally, 
duct runs in the ventilation system are simplified since heat does not 
need to be supplied adjacent to the highly efficient exterior walls and 
windows. In climates where air-conditioning is not used in the summer, 
the heat-recovery core can be removed to by-pass the heat recovery 
function.

With continuous, controlled ventilation, the indoor air quality of 
Passive House buildings is superb. With warm interior surface 
temperatures and even heat distribution, Passive House buildings 
are able to increase interior comfort, whilst substantially decreasing 
energy-use.

A super-insulated, airtight building enclosure supplied with highly 
efficient heat-recovery ventilation makes up the heart of  a Passive 
House building. Beyond this, further strategies are utilized as appro-
priate according to climate and site:

Shading—In keeping with the concept of the Passive House, proper 
solar shading is necessary to prevent overheating throughout the 
year. The PHPP includes design tools to properly size such shading 
elements as overhangs, window reveals, and adjoining buildings 
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and obstructions. Shading is particularly critical in climates with 
significant cooling requirements.

Passive Solar Heating—In residential Passive Houses, solar heat is 
often the largest heat source. However passive solar heating is not 
absolutely necessary to achieve the Standard—the energy modeling 
software can be used to find ways to compensate if solar access is 
unavailable. The properties of windows of diff erent orientations (i.e. 
south vs. west) can be tuned and modeled in the PHPP to ensure 
optimum performance. 

As this Passive House residence nears completion, an Figure 45: 
overhanging trellis is installed to allow vegetation to provide seasonal 
shading of its south-facing windows (photo courtesy of Robert 
Hawthorne). 

Thermal Mass—A considerable amount of mass in the building’s 
interior (i.e. concrete, drywall) is useful to prevent overheating of 
Passive Houses, especially when significant solar heat gains or inter-
nal heat gains occur. Dynamic energy modeling and field studies have 
found that, due to the subtle air circulation provided by the continu-
ous ventilation system of Passive Houses, it is not necessary to place 
thermal mass in direct proximity to south-facing windows. Instead it 
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is recommended that thermal mass be spread evenly throughout the 
building.76 

Ground Heat Exchanger (aka: “Earth Tube”)—Incoming ventila-
tion supply air ducts are often routed through the ground in order 
to temper incoming air. This is especially valuable in cold climates 
in order to prevent freezing of the heat-recovery core of the ventila-
tion system without the need for air recirculation or active heating. 
Alternatively a closed-loop fluid system can be circulated between 
the ground and the air supply duct in order to eliminate the risk of 
condensation.

Natural Ventilation Cooling—In most climates outdoor tempera-
tures are comfortable for some period of the year and so operable 
windows allowing cross ventilation and a means for natural air 
passage through the building’s interior is advisable.

This list could go on to include other appropriate climate-responsive 
design strategies. Also, it is important to bear in mind that conven-
tional assumptions and design rules-of-thumb for strategies such 
as passive solar heating or night-time ventilation cooling must be 
reconsidered for a Passive House due to their tremendous conserva-
tion of energy. Such conservation makes passive solar heating of a 
Passive House possible even in relatively cloudy climates such as 
Seattle, Washington.

Efficient Lighting & Appliances—In addition to a minimized 
heating requirement, the Passive House Standard also limits whole-
building source energy-use. Source energy includes all the energy 
used on a building site multiplied by an appropriate factor to account 
for the actual amount of energy required off -site, at the energy 
source. For example, for every watt of electricity used in a building, 
approximately 3 watts had to be generated by the power plant due 
to plant inefficiencies and transmission losses. The source energy 
limit is unaff ected by the installation of renewable energy generation 
systems (i.e. solar electric panels). This ensures an efficient baseline 

76  Wolfgang Feist, Jurgen Schnieders, Viktor Dorer, and Anne Haas. “Re-
inventing Air Heating: Convenient and Comfortable within the Frame of the 
Passive House Concept” Energy and Buildings. Vol 37. Issue 11, Nov 2005.
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efficiency before investments in less cost-eff ective (but visible/mar-
ketable) renewable energy systems are made. This source-energy 
requirement has the eff ect of ensuring that not only is the envelope 
highly efficient, but that other energy end-uses such as hot water 
heating, lighting and appliances are also highly efficient, and the 
energy supply used to meet demand is also appropriate. The PHPP 
modeling tool is used to gather all such data to aid cost-optimized 
achievement of the Passive House Standard.

Renewable Energy Supply—With total building energy loads 
reduced by as much as 70% in a Passive House, it becomes far more 
cost-feasible to supplant fossil-fuels with renewable energy. Biomass, 
solar-thermal, solar-electric, and wind generators off er the potential 
to realize carbon-neutral building operation. If the construction bud-
get is exhausted by the Passive House implementation, such systems 
can be added at a later time (much more easily than vice versa).

This four-story duplex currently under construction in Figure 46: 
Portland, Oregon both increases housing density and meets the Passive 
House Standard, and will tremendously decrease the carbon footprint 
and fossil-fuel dependence of the residents. 
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Summary

Conservation and efficiency are the clear imperatives for decreasing 
the carbon footprint of buildings. Existing building energy codes, by 
expanding their scope in protecting public welfare, can be instru-
mental in ushering in significant levels of conservation and efficiency 
by adopting aggressive energy performance requirements based 
upon a strategic time line such as that proposed by the Architecture 
2030 Challenge. In order to meet these targets, the building envelope 
represents the biggest challenge and opportunity for major building 
energy-efficiency  advancement. The Passive House Standard off ers 
a proven, cost-eff ective means of meeting this challenge, through 
tried-and-true principles of superinsulation, air-tightness, and 
heat-recovery ventilation. The Standard sets clear energy require-
ments which can be used to evaluate progress toward climate change 
response plans, and provides a simplified energy modeling tool to 
help architects and engineers collaborate in the design process. 
The growing number of Passive Houses in America demonstrate 
that building energy-use can be significantly reduced with existing 
technology, with only modest cost increases.
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Conclusion

The fossil fuels which triggered and sustain modern industrial-
ized society will soon decline. The climate-change consequences 
of fossil-fuel combustion grow more threatening day by status-quo 
day. Successfully navigating these unprecedented challenges, as 
lessons from history suggest, requires that we develop sound long-
term planning and also reassess our core values to meet present 
circumstances. 

Fundamental to long-term planning is the revision of public policies 
and development practices which produce the fossil-fuel-dependent 
built environment we now live in. Through a paradigm shift in where, 
what and how we build, we can eff ect radical reductions in carbon 
emissions and begin to realize a modern human habitat that does not 
require fossil-fuel inputs. This is the basis of a fossil-fuel exit strategy.

Parallel with this technical planning, consideration of our core 
values is necessary. Common American values of individualism and 
libertarianism were forged in the fight for political and religious 
freedom from an oppressive central authority. Yet the greatest threat 
to America, to humanity and the natural world, is now self-induced 
through our proclivity for energy-intensive lifestyles and exacerbated 
by our more recently adopted materialistic values. Avoiding the 
“tragedy of the commons” requires recalibrating our values to sup-
port collective, cooperative problem-solving. We should recognize 
that “progress” in a paradigm of unchecked consumption and growth, 
is impossible. “Progress” should instead shift toward a paradigm 
of cultural growth focusing on quality-of-life rather than a material 
standard of living. Working toward societal success, we have the op-
portunity to realize a more rewarding pursuit of happiness. Through 
such value shifts, necessary policy changes may more appropriately 
and swiftly arise.

With the advent of industrialization, centuries-old patterns of walk-
able urbanism were abandoned in an attempt to cope with industrial 
pollution, support socio-economic segregation, and later, to more 
fully accommodate the automobile. Conventional zoning segregating 



100 URBANIZE & INSULATE

diff erent land-uses (and housing types) now mandates low-density 
suburban housing for an overwhelming majority of municipal land 
area, making convenient mass transit impossible and personal 
automobile use virtually compulsory. As a direct result US carbon-
emissions per capita are not only among the highest in the world, but 
fully twice those of Europe. Conventional zoning policies exacerbate 
climate change and therefore represent a significant threat to public 
safety. The suburban realm which zoning has produced is increas-
ingly recognized for its cultural vacancy and ill-fit for contemporary 
demographics. But worse, suburbia continues to promote socio-
economic segregation, thus decreasing social cohesion at a time 
when collective and cooperative social action is so critical to address 
our mounting environmental problems.

To eliminate fossil-fuel dependence, the intrinsic inefficiency of 
low-density, segregated-use drivable suburbanism must be cor-
rected. Radically efficient vehicles, while necessary, do not solve the 
problem. Instead, walkable urbanism off ers us the opportunity to 
not only redress our fossil-fuel consumption but to also realize more 
socially vibrant cities, as existing historic examples—especially in 
Europe—clearly demonstrate. As it is poignantly said, with drivable 
suburbanism more is less—growth requires ever more sprawl to 
accommodate the ever present automobile and traffic congestion and 
long commuting times degrade quality of life. Yet with walkable ur-
banism more is more—growth increases the concentration of public 
amenities such as grocery stores and cafes within walking distance, 
benefiting everyone. Auto-ownership becomes less necessary as 
public transit becomes more convenient and aff ordable. Changing 
demographics clearly favor this transition from suburbia to urban, 
pedestrian-scale neighborhoods.

New Urbanism and Smart Growth advocates have demonstrated both 
the desirability and carbon-efficiency of walkable urbanism and pro-
duced eff ective planning tools for this policy shift: the combination 
of transect zoning and form-based codes. These tools, customized to 
a given locale through community participation, help to codify the 
desirable aspects of our built environment—human-scaled, walk-
able streetscapes with “blended” density and cohesive architectural 
character. Not only does such urbanism allow the fossil-fuel-free 
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transportation of walking, but it promotes more energy-efficient 
attached housing such as rowhouses. 

In conjunction with this strategic shift at the scale of city planning, 
we also turn our attention to building-scale energy-use in order to 
plug the next biggest hole in the energy-demand bucket. Presuming 
that modern comfort standards are preserved, one of the largest 
and all-pervasive factors contributing to building energy-use is the 
heat-losing building envelope. While the energy crisis of the 1970’s 
spurred advanced understandings of how to create more efficient 
envelopes, such techniques have never become widespread due to 
a lack of demand: energy codes fail to challenge conventional con-
struction practices, the techniques of insulation and air-tightness 
lack “curb appeal”, up-front costs increase (though lifetime costs 
decrease), and the architectural design process resists such prosaic 
constraints. Instead of focusing on “demand-side” envelope effi-
ciency, the work of energy efficiency too often focuses on the “supply 
side”: using solar panels or more efficient (but still very large) heat-
ing systems. Voluntary “green building” programs routinely prioritize 
marketability at the expense of energy performance. 

The clear priority for substantial fossil-fuel energy-use reduction 
is conservation and efficiency. Attempting to meet the exorbitant 
energy demands of the existing buildings stock with renewable 
resources is both financially and physically impossible. As a people 
we must become more conservation minded and our buildings must 
become significantly more efficient if we hope to stop climate change. 
A clear plan of action with specific targets, such as that off ered by the 
Architecture 2030 Challenge is further necessary to mobilize eff ec-
tive and timely corrective action. Energy codes must be revised with 
an expanded definition of public safety and strategically calibrated 
to mandate necessary building energy use reduction targets. Indeed 
energy code regulation, combined with appropriate subsidies and 
penalties, is necessary to encourage and ultimately compel individu-
als to safeguard the common good. Such public policy will also propel 
market innovation and return America to a place of prominence in 
building-energy research and technology.
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While increasing building efficiency requires addressing the full 
breadth of energy usage in buildings—from lighting to cooking—
envelope efficiency is of critical importance due to its responsibility 
for large heating and cooling energy loads. While other energy end 
uses such as lighting and water heating can be made more efficient 
through modest equipment upgrades, the efficiency of the envelope 
can only be established during a major construction eff ort. Thus, it 
is vital that we as a society implement programs, regulations, and 
incentives, to facilitate a radical shift in how building envelopes are 
constructed. 

A highly cost-eff ective and well-demonstrated method of achieving 
significant envelope efficiency is provided through the Passive House 
energy standard used commonly in Central Europe. The standard, 
which applies to all building types, routinely reduces space heating 
and cooling demands by 80-90% compared to conventional build-
ings. The standard sets specific energy use targets and provides a 
well-proven methodology for achieving these targets: a simplified 
but rigorous software to accurately predict a building design’s energy 
use as well as on-site testing to verify construction quality. The basic 
elements of a Passive House are quite simple: continuous superinsu-
lation, air-tightness, and heat-recovery ventilation. And yet the rigor 
with which these principles are applied results in a heightened level 
of sophistication in building efficiency (as well as indoor environ-
mental quality).  

Ending fossil-fuel dependence and climate change requires a para-
digm shift in where, what, and how we build. Walkable, urban plan-
ning and Passive House building off er eff ective and viable methods to 
enable this paradigm shift and realize the development of a func-
tional and comfortable human habitat without the need for fossil-fuel 
combustion. The imperatives for proactive change are clear: we must 
urbanize and insulate.
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Impacts of Climate Change
(from Intergovernmental Panel on Climate Change, 4th Assessment Report) 

Illustrative examples of global impacts projected for Figure 47: 
climate changes (and sea level and atmospheric CO2 where relevant) 
associated with diff erent amounts of increase in global average surface 
temperature in the 21st century. The black lines link impacts; broken-
line arrows indicate impacts continuing with increasing temperature. 
Entries are placed so that the left-hand side of text indicates the 
approximate level of warming that is associated with the onset of a 
given impact. Confidence levels for all statements are high.
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Charter of the New Urbanism

The Congress for the New Urbanism views disinvestment in central 
cities, the spread of placeless sprawl, increasing separation by race 
and income, environmental deterioration, loss of agricultural lands 
and wilderness, and the erosion of society’s built heritage as one 
interrelated community-building challenge.

We stand for the restoration of existing urban centers and towns 
within coherent metropolitan regions, the reconfiguration of sprawl-
ing suburbs into communities of real neighborhoods and diverse 
districts, the conservation of natural environments, and the preser-
vation of our built legacy.

We recognize that physical solutions by themselves will not solve 
social and economic problems, but neither can economic vitality, 
community stability, and environmental health be sustained without 
a coherent and supportive physical framework.

We advocate the restructuring of public policy and development 
practices to support the following principles: neighborhoods should 
be diverse in use and population; communities should be designed 
for the pedestrian and transit as well as the car; cities and towns 
should be shaped by physically defined and universally accessible 
public spaces and community institutions; urban places should be 
framed by architecture and landscape design that celebrate local 
history, climate, ecology, and building practice.

We represent a broad-based citizenry, composed of public and 
private sector leaders, community activists, and multidisciplinary 
professionals. We are committed to reestablishing the relationship 
between the art of building and the making of community, through 
citizen-based participatory planning and design.

We dedicate ourselves to reclaiming our homes, blocks, streets, 
parks, neighborhoods, districts, towns, cities, regions, and 
environment.
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We assert the following principles to guide public policy, develop-
ment practice, urban planning, and design:

The region: Metropolis, city, and town

1. Metropolitan regions are finite places with geographic 
boundaries derived from topography, watersheds, coastlines, farm-
lands, regional parks, and river basins. The metropolis is made of 
multiple centers that are cities, towns, and villages, each with its own 
identifiable center and edges. 
2. The metropolitan region is a fundamental economic unit of 
the contemporary world. Governmental cooperation, public policy, 
physical planning, and economic strategies must reflect this new 
reality.
3. The metropolis has a necessary and fragile relationship to 
its agrarian hinterland and natural landscapes. The relationship is 
environmental, economic, and cultural. Farmland and nature are as 
important to the metropolis as the garden is to the house.
4. Development patterns should not blur or eradicate the edges 
of the metropolis. Infill development within existing urban areas 
conserves environmental resources, economic investment, and social 
fabric, while reclaiming marginal and abandoned areas. Metropolitan 
regions should develop strategies to encourage such infill develop-
ment over peripheral expansion.
5. Where appropriate, new development contiguous to urban 
boundaries should be organized as neighborhoods and districts, 
and be integrated with the existing urban pattern. Noncontiguous 
development should be organized as towns and villages with their 
own urban edges, and planned for a jobs/housing balance, not as 
bedroom suburbs.
6. The development and redevelopment of towns and cities 
should respect historical patterns, precedents, and boundaries.
7. Cities and towns should bring into proximity a broad spec-
trum of public and private uses to support a regional economy that 
benefits people of all incomes. Aff ordable housing should be distrib-
uted throughout the region to match job opportunities and to avoid 
concentrations of poverty.
8. The physical organization of the region should be supported 
by a framework of transportation alternatives. Transit, pedestrian, 
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and bicycle systems should maximize access and mobility through-
out the region while reducing dependence upon the automobile.
9. Revenues and resources can be shared more cooperatively 
among the municipalities and centers within regions to avoid 
destructive competition for tax base and to promote rational coor-
dination of transportation, recreation, public services, housing, and 
community institutions. 

The neighborhood, the district, and the corridor

1. The neighborhood, the district, and the corridor are the 
essential elements of development and redevelopment in the me-
tropolis. They form identifiable areas that encourage citizens to take 
responsibility for their maintenance and evolution.
2. Neighborhoods should be compact, pedestrian-friendly, and 
mixed-use. Districts generally emphasize a special single use, and 
should follow the principles of neighborhood design when possible. 
Corridors are regional connectors of neighborhoods and districts; 
they range from boulevards and rail lines to rivers and parkways.
3. Many activities of daily living should occur within walking 
distance, allowing independence to those who do not drive, espe-
cially the elderly and the young. Interconnected networks of streets 
should be designed to encourage walking, reduce the number and 
length of automobile trips, and conserve energy.
4. Within neighborhoods, a broad range of housing types and 
price levels can bring people of diverse ages, races, and incomes into 
daily interaction, strengthening the personal and civic bonds essen-
tial to an authentic community.
5. Transit corridors, when properly planned and coordinated, 
can help organize metropolitan structure and revitalize urban cen-
ters. In contrast, highway corridors should not displace investment 
from existing centers. 
6. Appropriate building densities and land uses should be 
within walking distance of transit stops, permitting public transit to 
become a viable alternative to the automobile.
7. Concentrations of civic, institutional, and commercial activity 
should be embedded in neighborhoods and districts, not isolated in 
remote, single-use complexes. Schools should be sized and located to 
enable children to walk or bicycle to them. 
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8. The economic health and harmonious evolution of neighbor-
hoods, districts, and corridors can be improved through graphic 
urban design codes that serve as predictable guides for change.
9. A range of parks, from tot-lots and village greens to ball fields 
and community gardens, should be distributed within neighbor-
hoods. Conservation areas and open lands should be used to define 
and connect diff erent neighborhoods and districts. 

The block, the street, and the building

1. A primary task of all urban architecture and landscape design 
is the physical definition of streets and public spaces as places of 
shared use. 
2. Individual architectural projects should be seamlessly linked 
to their surroundings. This issue transcends style.
3. The revitalization of urban places depends on safety and 
security. The design of streets and buildings should reinforce safe 
environments, but not at the expense of accessibility and openness.
4. In the contemporary metropolis, development must ad-
equately accommodate automobiles. It should do so in ways that 
respect the pedestrian and the form of public space.
5. Streets and squares should be safe, comfortable, and in-
teresting to the pedestrian. Properly configured, they encourage 
walking and enable neighbors to know each other and protect their 
communities.
6. Architecture and landscape design should grow from local 
climate, topography, history, and building practice.
7. Civic buildings and public gathering places require important 
sites to reinforce community identity and the culture of democracy. 
They deserve distinctive form, because their role is diff erent from 
that of other buildings and places that constitute the fabric of the 
city.
8. All buildings should provide their inhabitants with a clear 
sense of location, weather and time. Natural methods of heating and 
cooling can be more resource-efficient than mechanical systems.
9. Preservation and renewal of historic buildings, districts, and 
landscapes affirm the continuity and evolution of urban society. 

© 1996, Congress for the New Urbanism.
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Carbon Tax & 100% Dividend

The following is the testimony of James E. Hansen before the US House 
of Representatives Committee on Ways and Means, February 25, 2009. 
This is the oral statement only. The more detailed written testimony 
can be found online.

We have a planet in peril. The President recognizes this. The situa-
tion is clear.

Evidence from Earth’s history and ongoing climate changes reveal 
that the dangerous level of atmospheric carbon dioxide is much less 
than once believed. The safe level is no higher than 350 parts per 
million, probably less, and we just passed 385 ppm.

Climate change threatens everyone, especially our children and 
grandchildren, the young and the unborn, who will bear the full 
brunt through no fault of their own.

It is clear that we cannot burn all fossil fuels, releasing the waste 
products into the air, without handing our children a situation in 
which amplifying feedbacks begin to run out of their control, with 
severe consequences for nature and humanity.

We must face the truth. We cannot burn all of the coal, let alone 
unconventional fossil fuels, such as oil shale, unless the combustion 
products are all captured and disposed of, which is implausible.

The Obama administration has taken steps that may lead to im-
proved vehicle efficiencies and reduced coal use. These actions are 
necessary and important. But they will be eff ective only if we address 
the root cause of the problem.

The root cause is our failure to make polluting fossil fuel energy 
more expensive than clean energy. We must put a price, a rising 
price, on carbon emissions.

There are two competing ways to achieve that price:
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One is Tax & 100% Dividend – tax carbon emissions, but give all of 
the money back to the public on a per capita basis.

For example, let’s start with a tax large enough to aff ect purchas-
ing decisions: a carbon tax that adds $1 to the price of a gallon of 
gas. That’s a carbon price of about $115 per ton of CO2. That tax 
rate yields $670B per year. We return 100% of that money to the 
public. Each adult legal resident gets one share, which is $3000 per 
year, $250 per month deposited in their bank account. Half shares 
for each child up to a maximum of two children per family. So a 
tax rate of $115 per ton yields a dividend of $9000 per year for a 
family with two children, $750 per month. The family with carbon 
footprint less than average makes money – their dividend exceeds 
their tax. This tax gives a strong incentive to replace inefficient 
infrastructure. It spurs the economy. It spurs innovation.

This path can take us to the era beyond fossil fuels, leave most 
remaining coal in the ground, and avoid the need to go to extreme 
environments to find every drop of oil. We must move beyond fossil 
fuels anyhow. Why not do it sooner, for the benefit of our children? 
Not to do so, knowing the consequences, is immoral.

The tax rate likely must increase in time, but when gas hits $4 
per gallon again most of that $4 will stay in the United States, as 
dividends. Our vehicles will not need as many gallons. We will be 
well on the way to energy independence.

The alternative to carbon tax and 100% dividend is Tax & Trade, 
foisted on the public under the pseudonym ‘Cap & Trade’. A ‘cap’ 
increases the price of energy, as a tax does. It is wrong and disin-
genuous to try to hide the fact that Cap is a tax.

Other characteristics of the “cap” approach: (1) unpredictable price 
volatility, (2) it makes millionaires on Wall Street and other trad-
ing floors at public expense, (3) it is an invitation to blackmail by 
utilities that threaten “blackout coming” to gain increased emission 
permits, (4) it has overhead costs and complexities, inviting lobby-
ists and delaying implementation.
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The biggest problem with Cap Tax is that it will not solve the 
problem. The public will soon learn that it is a tax. And because 
there is no dividend, the public will revolt before the Cap Tax is 
large enough to transform society. There is no way that the Cap Tax 
can get us back to 350 ppm CO2. We need a tax with 100% dividend 
to transform our energy systems and rapidly move us beyond fossil 
fuels. For the sake of our children and grandchildren, we cannot let 
the special interests win this fight.
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