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Abstract

Increased industrialization and spatial specialization has resulted in
a mode of living that relies heavily on physical infrastructures and
exploitation of remote resources. It becomes increasingly clear that
such a model may not be sustainable for both environmental and
economical reasons, especially for developing countries. Hence the
search for alternate and more efficient models is to be promoted. In
this paper, we present the notion that houses together with their
immediate environment and the people that occupy the house can
be designed as self-sufficient ecological units. We further indicated
the technical feasibility of this proposition. In order to give physical
meaning to this concept, we provided some quantitative data on
material and energy flows for typical US residences.

“ Introduction
Many people throughout the world live under conditions of extreme
poverty. Roughly 1.2 billion people continue to live below the pov-
erty line of $ 1 per day [1]. These people experience hunger, are
malnourished, lack access to safe drinking water, are poorly edu-
cated, and have no house to live in. As a consequence of poverty,
human rights are lacking in many places of the world today. These
include the right to a healthy lifestyle and proper nourishment, but
also the right to adequate housing, as enshrined in the universal
declaration of human rights. The past century has experienced a
sharp increase in the number of homeless people or people living
under inadequate housing conditions. Factors such as rapid popula-
tion growth, shifting economic and cultural fabrics and related mi-
gration from rural to urban regions contribute significantly to this
reality. It is estimated that half of the urban population, approxi-
mately 25 percent of the world population, lives in slums of some
kind, one hundred million are utterly homeless, and between thirty
and fifty percent of city dwellers lack access to basic drinking water

and sanitation facilities. Increased occurrence and impact of natural
and man-made disaster, including armed conflict, further aggravate
current conditions [2].

The provision of shelter has traditionally been an important aspect
of dealing with the housing problem. During recent years, however,
the framework in which we think about housing has also expanded
into many other territories. Security of tenure and the notion that
housing issues cannot be separated from their socio-cultural and
economic contexts are all considered critical. Many new territories
have also been identified at the technological level. For example,
total energy use as measure of economic and environmental perfor-
mance, and the notion that systems are to be compared on a life
cycle basis are considered critical in the understanding of the over-
all issue.

While infrastructures that provide water, food, and electricity and
those that dispose our waste are critical parts of the total housing
system, they are frequently not considered as part of the housing
problem. It becomes increasingly clear that the global houSing is-
sues cannot be disconnected from the larger technological and eco-
logical framework needed to support the activities that occur within
the house. Our way of living today is intricately connected to remote
infrastructures and resources. The food we eat, the phone calls we
make, the trash we place on the curb, the electricity we consume,
the roads we use to travel, the mail we receive, or the goods we
acquire are provided to us increasingly to our convenience. Vast
infrastructures constitute the backbone of our economies; they have
brought us economic prosperity and have allowed us to increase our
health conditions for more than a century.

This paper analyzes existing trends in the domestic American lifestyle,
with the hope to encourage the general rethinking of infrastructure.
The evidence suggests that infrastructure might begin to shift from
a large scale, remote access process to a smaller scale, more inde-
pendent and local process.
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Physical Infrastructures

Increased industrialization and spatial specialization has widened
the gap between environmental resources and the destination of
consumer products. While this condition has evolved over centuries,
it is only in the last decades that it has reached true global propor-
tions. Such mode of living requires vast physical infrastructures, the
footprint of which is steadily increasing as they form an indispens-
able link in the global material chain. Consequently, a steady in-
crease of energy consumption occurs as the mean distance between
goods and people continues to rise. The building of houses, and the
establishment and maintenance of viable communities forms an
important link within the global material and energy flows.

While current physical (and social) infrastructures in America ap-
pear normal, they are not in many other places of the world. It is
estimated that aver 1 billion people do not have access to an ad-
equate supply of safe water and nearly 3 billion people lack a sani-
tary means of excreta disposal [3]. In many occasions, these com-
munities may not have the financial means to build the vast infra-
structures we are accustomed to. In addition, while the economic
means to install infrastructures are considerable, the effort it takes
to operate, maintain, and upgrade them are also staggering. For
example, the American Society of Civil Engineers estimated that 1.3
trillion dollars are needed in the next 5 years for maintenance and
repair of current infrastructure in the US alone [4]. Also, many water
supply and sanitation facilities in third world economies are cur-
rently collapsing because resources for maintenance and operation
are lacking [5]. Many environmental consequences further arise
from current infrastructures. Not only do they require many re-
sources for construction and maintenance, they often form painful
intrusions in our landscapes. While vast infrastructures remain eco-
nomically feasible for the majority of the population within our
economy, they add significant financial burden to the provision of
livable communities in third world economies. Also, within a global
context, the environmental consequences of resource consumption
and the building of infrastructures affect both industrialized and
less industrialized regions of the world. Given this, it is essential

that new models are being explored that are both economical and
environmental benign.

Self Sufficient Housing?

As globalization continues to move forward, it is important to as-
sess to what extend residential material flows and the consequently
building of infrastructures can be reduced. As an extreme case, one
could envision a scenario were no materials enter or leave the
house. In such scenario, houses operate more independent of exter-
nal infrastructures, Within this self-sufficient housing model, all of
the physical necessities to exist are assumed to be resolved within
the context of the house and its site. This implies that water, food,
energy, and means to communicate are resolved within the building
and that all waste streams are being resolved as well. In its most
ideal form, such a house will allow people to live and communicate
without the need to excessively stress the external environment.
This type of housing infrastructure could further exist in both rural
and urban settings and might accommodate a mode of living that
does not deviate significantly from the practical routines and com-
forts we are currently accustomed to. Self-sufficient housing infra-
structures might be attractive for numerous reasons. Economic ben-
efits might result by cutting down on distribution; and by the oppor-
tunity to incrementally optimize individual systems without perco-
lating financial consequences. Environmental benefits might result
when energy needs are resolved on site or within the building, and
when material inputs and outputs can be resolved and optimized in
a sustainable way. By utilizing local resources, upstream and down-
stream consequences might also be avoided.

The notion of self-sufficiency is by no means new. In many of its
historical aspects the house has been this node of existence provid-
ing the windows and doors through which we perceive and engage
the world. The self-sufficiency model also continues to comprise the
mode by which isolated communities around the globe exist. Small
farms, rural and island communities, religious or other communities
are often self-sufficient either by choice or necessity. Earlier forms
of societal organization are also highly localized. While trade has a
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long history, early villages and cities derived many of their com-
modities such as food and water locally. Availability of adequate
environmental resources was often the necessary condition for settle-
ment. The motives that drive settlement have however shifted sig-
nificantly since, resulting in mismatches between local material
resources and basic physical needs. While notions of self-sufficiency
are well established, self-sufficiency at the compact scale of the
house is yet to be accomplished. Many indicators exist that suggest
the technical feasibility of such self-sufficient housing proposal.

Context America: Residential Consumption Patterns
Many questions remain to be addressed in order to assess the eco-
nomic and technical feasibility of self-sufficient housing infrastruc-
tures. It is essential however that we first understand the amount
of resources that are currently needed to sustain the activities that
occur within our houses. In the following sections we will describe
energy and material flows for a typical US household. The objective
here is to give physical meaning to the concept of self- sufficiency in
a given context. The topics covered include, water, food, energy,
solid waste, sewage, and construction.

Water:

The U.S. has generally seen large-scale centralized infrastructure
for delivery and return as the best option when it comes to water,
wastewater and storm water. The general feeling that water is both
abundant and inexpensive has created a culture that consumes, per
person, about 80-100 gallons of water a day [6]. A typical four-
person household that gets its water from a public source uses
approximately 350 gallons of water per day. Over 85 percent of U.S.
citizens receive their domestic water from a public supply and that
number continues to rise as the population becomes less rurai [7].
Water used for household purposes includes such things as drink-
ing, food preparation, bathing, washing clothes and dishes, flushing
toilets, car washing, and watering of lawns and gardens (Table 1.A).
Domestic use is separated into inside household uses {bathing, flush-
ing toilets, laundry, cleaning, and cooking) and outside household
uses (lawn and garden watering, car washing, and pools). Inside
use tends to be consistent year round while outside use increases

during specific seasons, usually summer, depending on the type of
climate. In a study conducted by the U.S. Department of Housing and
Urban Development, it was found that the largest percentage of
indoor water use went to bathing and flushing while outside use
varies greatly. Arid areas of the country can see over 60 percent of
water consumption going to outside uses while more humid areas
use a percentage near zero [8]. It's worth considering that the
amount of potable (pure) water needed by the average American
for cooking and drinking is 3 gallons per day [9].

Food:

A fundamental goal of modern societies has been to work towards
a healthy population that has access to healthy food. In 1900, many
U.S. households relied on regional food production. Low caloric in-
take and inadequate amounts of certain vitamins and minerals were
the major nutritional problems [10]. Today, U.S. consumers enjoy an
abundance of nutritious and affordable foods available year round.
The U.S. food industry is a complex network of food processors,
refiners, manufacturers, wholesalers, and retailers that transform
agricultural and marine products into domestic goods. This system
has created a network centered on pre-processed and packaged
products intended to increase convenience and safety. The annual
consumption of food products in the U.S is based on a per capita
measurement, in other words, how much the average individual
consumes during the year (Table 1.B). This annual consumption in-
cludes meals eaten in and away from the home. Today U.S. citizens
dine outside the home for over 30 percent of their total consump-
tion [11]. Specific product consumptions are also examined. Ameri-
cans eat over 190 pounds of meat each year. Of that, red meat was
the largest percentage at 111.0 pounds, poultry at 64.8 pounds and
fish at 14.5 pounds [12]. Dairy products are more widely consumed
then any other category at 580 pounds. Eggs and egg products play
an important part in the U.S. diet. Annually, 238 eggs are consumed
per capita directly as shell eggs or as ingredients in processed foods.
Added fats and oils make up anather major category with an annual
per capita consumption of over 65 pounds [12]. The U.S. diet has
increasingly embraced the consumption of fruits and vegetables.
Total per capita consumption of fresh fruit averages just above 130

126

TECHNOLOGY AND HOUSING
PORTLAND, OREGON - OCTOBER 10-13, 2002



2002 ACSA TECHNOLOGY CONFERENCE

pounds while processed use is over 160 pounds. Total per capita
consumption of Vegetables averages 416 pounds, of that; 185.6
pounds are fresh and 230.4 pounds processed [12]. Americans diets
include a large quantity of flour and cereal product at 200 pounds
per capita. A large percentage of this quantity comes from pre-
packaged foods such as crackers, pretzels, corn chips, popcorn, and
breakfast cereals [12]. The American population has become con-
spicuous consumers of added sugar, sweet tasting foods and bever-
ages. Per capita consumption of a record 154 pounds continues to
increase each year. Over three quarters of the sugar consumed
enters the home through industrially produced goods and a fifth of
that comes from carbonated soft drinks. As with many of the other
categories, pre-packaged products are changing the consumption
habits of Americans. Remaining categories that play a part in the
American diet include tree nuts and peanuts at 8 pounds, coffee at
just over 9 pounds, cocoa at 4 pounds and tea at just under a pound
[12].

Energy:

The last two decades have seen a 33 percent increase in the total
number of household in the United States, rising from 76.6 million
to 101.5 million by 1997. There has also been a marked increase in
the size of each housing unit [13]. Today the average individual
housing unit uses 101 million Btu per year with 51 miilion Btu going
to heating requirements. The majority of the remaining energy use
falls into the categories of cooling, lighting and appliances. The last
two decades have seen a decrease in the total energy use for space
heating but there has been a 17 percent increase in energy demand
for lighting and appliances [13]. Natural gas is the most frequently
used heating fuel in the American home at 52 percent. Electricity,
which is increasing in popularity, is currently used by 30 percent of
housing units and 10 percent use fuel oil or kerosene for space
heating [13]. Secondary heating systems, used to supplement the
primary source, are incorporated in approximately 35 percent of U.S.
housing units. Appliance ownership and use has been on a steady
rise over the last two decades. Microwave and dishwasher use has
had the largest percentage increase. Table 1.C provides direct and
indirect fossil fuel consumption for the average US residence.

Solid Waste:

In 1999, the U.S. generated approximately 230 million tons of mu-
nicipal solid waste (MSW), which equals about 2.1 Kg (4.6 pounds)
per person, per day [14]. Between 55 and 65 percent of this amount
is residential waste, the remainder being mainly commercial and
institutional waste [15]). MSW in part consists of product packaging,
grass ¢lippings, furniture, clothing, bottles, cans, food scraps, paper,
appliances, paint and batteries. (Table 1.D) The disposal of these
items generally takes place at landfill or incineration facilities. Each
of these methods evokes concern for ecologic and land use issues
and these fears have led to increased source reduction, recycling
and composting practices. Unfortunate, land filling and incinera-
tion still remain the prevailing methods for MSW disposal in the
United States (73% and 14% respectively). Current estimates indi-
cate that only a few percentage of MSW is reused or recycled [14].

Sewage:

Until recently, thousands of American cities dumped raw sewage
directly into surrounding rivers, lakes and bays. Improved wastewa-
ter management standards that came about from stricter Federal
and State regulations has allowed for safer waterways. The treated
bio-solids from wastewater treatment are most often recycled, in-
cinerated or buried in a landfill. The daily flow of sewage in the
average U.S. household differs from the supply flow, considering
water used for irrigation, car washing or loss to evaporation gener-
ally don't enter a waste system. Of the potable water that does
enter the system; a majority is employed for flushing or washing..
For the average U.S. citizen this totals nearly 60 gallons per day
(Table 1.E) {9]. There are considerable consequences to this conven-
tional approach to waste management. Alternative systems create
an opportunity from the waste, treating it as a resource and not a
pollutant.

Enclosure (building materials & maintenance)

Waste products from housing construction produce 15 to 30 percent
of the total waste deposited in landfills annually and many contain
toxic constituents. These wastes include rubble, wood and wood
products, plaster, plastics, metal, insulation adhesives and paint
[16]. The average size of a new U.S. residence sits on a lot that is .33
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Table 1 Resource consumption patterns for the US house {from references 15-29].

LGalloms  Gallonz  Gallons Kilogram
per capitaper capitaper house  per house
WO TER per day  per wear peryear per veari=liters)
Bathing 20 Ta00 29200 110634
Tuilet flushing 24 aveh 35040 132641
Laundry 85 30z 12410 - 46a7T
Oizhwasher 4 1460 aad0 22107
Crinking & Cooking 3 1095 4320 16820
Garbage Disposal 1 365 1450 527
Car Wazhing 25 a1z s 3650 13817
Lswn & Pool 24 0125 36400 138167
Total 84 22120 128480 486349
Pounds  Pounds  Pounds Kilogram
per capitaper capitaper householdper household
B. FOCD perday perwear  per year per year
fuhaat 0.5 140 760 3d5
Dairy 1.584 580 2320 1052
Eggs 0.082 30 120 54
[t= & ails 0.178 ad 260 113
Fruts .79 290 1160 526
hiagetabl es 1.140 416 1664 755
four & careal  0.548 200 a00 363
Sugars 0.422 164 516 278
MNuts ~ o D.ozz 3 a2 15
Coflee 0.024 g 26 16
Cocoa 0.0 4 16 7
Tea 0.003 1 4 2
Total 4354 1947 7788 3533
Kilogram
per house
C.FO%5IL FUEL per wear
Matural Gas 2312
Fud Oil 2624
LPG 2.57
Ferosens Ky
firect Fuels o gemerate eleckicdy)
Coal a743
Gasz 694
Petrol eun 101
Total av38
Pounds  Pounds Fourds Pounds Kilogram
per capitaper capita ¥ dispose dper capitaper house per house
perday perwyear athome peryear per year peryear
D.SOLID WG STE% taal ftotal)  [total] [at home |
Paper T4 10204 28 0k arv 1407 GEE
vard w aste 12 0.552 m 0k 121 454 219
od waste 112 05142 188 0k 113 451 205
Plastic 10.7 04922 180 05 108 431 196
al 7.8 D35gR 1 0f 74 314 143
bber, testiles,... 6.7 03082 112 0f 67 270 122
Glass 55  0.253 g2 0f 45 122 101
oo 55  0.253 92 D& 65 222 101
Cther 3.2 D42 G4 0 3z 124 4%
otal 45 1674 1007 4030 18248
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Gallons Gallons  Galons Klogram per houze

per capitaper capitaper house per wear
E. SEVWWAGE perday perwear peryear [~ litzrs)
Tetal (1] 21900 2Fe00 aHe02

Paunds per house Kilogram per hoose Kilogram perhouse

F. STRUCTURE (50 wars) {40 wears’ (per year]
Ceramic 1671 TS 15
Pu.C 1834 832 17
Partizle board 1234 1036 2
Stesl 5207 2362 47
asphdtshingles 6193 2804 56
Oriente d strand board 1444 G733 136
Gypsum 2r65a 12545 251
ifood 32817 1481 et
Grawd 121550 fa670 1183
Concrete 37173 171940 40
Total E05004 274425 54219

Feddenfal
maedal flow F:&;Mer: al
(Eglye ars mate dal dow
tEglivear:

Tewmge
e

2olid war

Fig. 3 Average yearly flow of material for US houses

many economical comparable countries manage to operate on much
less residential water per capita, using only 25% of the water con-
sumed in the US house.

Sewage:

Sewage represents a significant fraction of the residential material
flow, being closely related to water use. Many means to dispose
sewage on-site are currently available. These include for example

Fig. 4. Average yearly flows of food, fossil fuel, solid waste, and
structure for US houses

conventional septic tanks for primary treatment combined with drain
fields for secondary treatment. Other means involve the construc-
tion of wetlands, and greenhouse ecosystems such as the “living
machines”. While sewage is considered disposable, it has in fact
value. For example, studies have indicated that nutrients present
in municipal sewage can be successfully recycled for crop growth
using hydroponics, the growing of plants without soil [20]. In other
words, most sewage can supply almost all nitrogen and most of the
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Table 2 Square meters of horizontal surface needed to capture enough water to accommodate specific task.

Aaonual r@infallin inches 60

Annual raintall in meters 1524
Cubic rreter per
wear per family

Rn iWFALL

WATER USES

0

127
Square meters ofhorzontal surface needed to capture
enough waterto accommodate speciic Bsk

40
1016

i)
0762

20
04508

10
0254

Bathing 11 ma3 4 ar 104 14 218 435
Toilet fluzhing 123 m2 av 104 121 174 261 b2
Laundry 47 m3 3 ar 46 62 a3 185
Lawn & Paool 138 m3 n 104 136 181 272 Ha4
Car 'iashing 14m3 a 11 13 18 27 L
Drinking & Cooking 17 m3 11 13 16 22 33 65
Garbage Disposal 6 md 4 4 4] 7 11 22
O shwasher 22m3 14 17 22 24 44 g7
Totals EEE] BT 474 E38 9357 1945

phosphorus and other micronutrients required by many crops [21].
Since crops require large amounts of nutrients dissolved in water,
and since municipal wastewater is a good source of such material,
it forms a logical source of such materials [22]. Another attractive
feature of this approach is that food is being produced while the
potential pollution of wastewater is reduced.

Food:

Considering the self-sufficient housing model, it is of interest to
know whether or not food production can be collapsed to the scale
of a typical (urban) house. Investigating self-sufficient habitats de-
signed for extreme or small environments may proof beneficial in
this context. Concepts in space exploration have triggered both
theoretical and experimental work in this area. In anticipation of
long-term space missions, both the Russian and US space programs
have included experimentation with closed loop systems. The Rus-
sian Bios-3 experiment for example supported a crew of three people
within a 315 m3 enclosure for 4 months. A 65 m2 area for crop
growth was included within this enclosure that provided a signifi-
cant part of the food supply during these experiments [23,24]. Ex-
periments like this demonstrate that closed loop systems similar in
scale to a small house may well be feasible. In the same context but
larger in scale, the biosphere 2 experiment in Arizona is likely the
most extensive technology based closed habitat to date. With a

total volume of 180, 000 m3 and a floor area of 1.27 ha this complex
was able to sustain a crew of eight people and multiple ecosystems
for a period of 2 years {25, 26]. Many issues have been addressed
that might be useful when formulating self-sufficient housing pro-
posals. However many of the self-sufficiency objectives described
above have not been addressed. Most notably, the energy needed
to operate the biosphere 2 complex was not resolved without major
external input [27]. In addition, many aspects of the complex de-
pend so much on elaborate technical installations that the question
can be raised whether or not such approaches are scalable to the
size of a typical house or are economical feasible for a wide popula-
tion. However, such experiments demonstrate the feasibility of cer-
tain aspects of self-sufficiency.

Context:

The applicability of the self-sufficient housing concept to different
settings may not always be obvious. For example, within a rural
community some aspects of self-sufficiency, such as provision of
food, are easier to deal with since more land is available for agricul-
ture. Considering this, one naturally assumes that such constraints
result in spatial specialization. Urban farmers, people who produce
food within the city confines, have successfully dealt with agricul-
tural spatial challenges. It is estimated that there are currently
some 200 million urban farmers in the world, supplying food to 700
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million people. Also urban farming provides for 30 percent of veg-
etable consumption in Kathmandu, 50 percent in Karachi and 85
percent in Shanghai. A long history of urban farming further exist in
Asia were some 50 percent of urban households currently farm [28].
In light of this and considering increased urbanization worldwide,
the UN food and agricultural organization has recently started to
promote urban farming practices in developing countries [29]. Ex-
periments related to the various space programs further indicate
that farming methods can be developed that are less space inten-
sive. Hence, a more significant form of urban farming may well be
feasible in the future.

Concluding remarks

The search for affordable housing has traditionally focused on the
provision of shelter. While this remains an important aspect of the
global housing issue, it is clear that many other issues need to be
considered as well. While the infrastructures that provide water,
food, and electricity and those that dispose our waste are criticai
parts of the total housing system, they are yet to be included in the
housing equation. Increased urbanization and spatial specialization
has resulted in a mode of living that relies heavily on physical
infrastructures and exploitation of remote resources. It becomes
increasingly clear that such a model may not be sustainable for both
environmental and economical reasons, especially for developing
countries. Hence the search for alternate and more efficient models
is to be promoted.

In this paper, we presented the notion that houses together with
their immediate environment and the people that occupy the house
can be designed as self-sufficient ecological units. We further indi-
cated the technical feasibility of this proposition. In order to give
physical meaning to this concept, we provided some quantitative
data on material and energy flows for typical US residences. It is
obvious that representing current US context as a global standard is
quite irresponsible. However, taking such a "worst case” scenario
as baseline may be beneficial if we want to accomplish robust self-
sufficient housing proposals. While site resources could match resi-
dential needs, significant design challenges lie ahead to accomplish

self-sufficient houses. It is clear that adopting a self-sufficiency
standard for houses will make the housing equation more complex.
However it may reflect or address the complexity of the housing
issue more truthfully.
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