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INTRODUCTION

In industrialized societiesf power equipment 
has given us control over our thermal environment and our 
continued fascination with technology has prompted the 
invention of mechanical systems that have made natural 
strategies seem obsolete. The prevailing building methodology 
has made the internal environment comfortable through a large 
infusion of fossil fuel energy. As a result, our lifestyle 
today is dependent on the uniformly comfortable environment, 
evolved through the technological advances our society has 
made over the years. Space usage patterns, inside our homes, 
no longer revolve around the common space, which, in the past 
was a thermally comfortable space; instead, our activities 
are diffused over the entire environment. The use of lighter 
clothing, which offers lesser insulative value, the reduction 
of our level- of activities because of the mechanization of 
work, are reasons for the marked change in the comfort level 
and the change in our social values and norms.

Today, we are becoming increasingly aware that 
fossil fuels are diminishing and non-renewable. This 
realization and the rapid increase in the population, 
alongwith other environmental concerns, dictates an entirely
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new concept and perception of the form and function of the 
future building.

Passive solar architecture provides one 
solution to the problem. it is a, "thoughtful, resourceful, 
senstive and caring" form of architecture (1). It is an 
approach to the design of a built environment that is aware 
of the reality that the world and its contents are.finite and 
in many cases exhaustable. No longer can buildings stand 
alone and be sustained by fossil fuels, but have to be self 
nourishing. in these environments it is important that the 
occupants must become a part of the buildings and the 
functional, personal and thermal requirements of individuals 
may involve some compromise to achieve a high quality of 
efficeincy.

Compromises to achieve a high quality of 
efficeincy in passive solar environments may involve using a 
blank wall in the direction of the best view, thus 
considering thermal comfort over visual comfort; discomfort 
because of glare; fading of fabrics due to prolonged 
exposure; the sensation of contact with cold surfaces; 
conflicts with taste caused by using dark surfaces for 
maximum heat absorption; maximum daylight design; the ritual 
of operating night shutters and thermal covers and the 
additional use of warm clothing and covering, all play an 
important role for the ultimate thermal efficeincy of the
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environmnent,

Occupant labour and participation —  in the 
form of opening and closing vents and wearing extra clothing 
-- is very essential to achieve maximum efficeincy and there 
is certainly a hesitancy among most people to build and live 
in passive environments, viewing it as a step back from the 
push button lifestyle our society has been moving toward. 
However, more and more people are driven to realise that the 
conventional notions of progress and liberation are 
illusionary. True liberation can only be achieved by assuming 
more control and responsibility over our own daily life 
functions.

Reinforcing the above, Karen Terry, who lives 
in a passive solar house in Sante Fe, says that she adapts to 
the temperature change with a migratory strategy similar to 
the Tunisians, who move through their courtyard houses 
according to the daily and seasonal temperature cycles. She 
works in the cooler lower level, where she has her studio, 
eats in the mid-level and sleeps in the warmer upper level. 
She feels that the house, with its openness to the sky and 
its responsiveness to the climate, helps connect her to the 
natural rhythms. "Living in a solar house is a whole new 
awareness, another dimension. I have the comfort of a house 
and the serenity of being outdoors, protected yet tuned in", 
she says.(2)
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* This study deals with assessing the responses 
of the people living in passive solar houses and the 
resulting effect of passive environments on their lifestyles. 
I am specifically looking at the different ways in which 
people respond to a set of physical features of the built 
environment and their attempts to achieve social and thermal 
comfort. The ultimate goal is to arrive at a set of 
guidelines, based on the behaviour, lifestyle and need of 
people, for the design of passive solar environments.
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CHAPTER ONE

MAN AND ENVIRONMENT

Evolution, to a certain extent, may be 
interpreted as the story of ever increasing mobility and 
liberation from the dictates of the environment. Man is one 
of the few creatures - perhaps the only - that can function 
within a single . life time in the tropical jungles, desert 
sands or on the arctic ice. Biological evolution of man is 
one of the basic reasons for the resultant freedom to move 
through various environments. This freedom has been 
tremendously increased by a technical, cultural and social 
evolution leading to the development of artificial life 
support systems of increasingly growing complexity. The 
functioning of these systems involve intricate interaction 
between human and environmental factors.

The first dwellings of primitive man were 
characterized by the concept of 'ambience1. They shut out 
the sun or rain, which made it easier to maintain the fire 
and keep warm and also help keep animals and other tribes at 
bay. As society itself becomes more contrived, establishing
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goals that are increasingly remote from people's natural 
self, the controlled conditions for the artificial ambience 
become more critical for societal survival. Dramatic 
evidence of this is offered whenever there is a power failure 
and heating systems, elevators, air conditioners and other 
man made artifacts, on which the complexity of urban life 
depends, suddenly cease to operate. Reyner Banham has gone 
to the extent of defining modern architecture as "an approach 
to building that emphasizes the problem of services and 
develops its form around the support of these services".(3) 
This statement is very apt, as until now environments have 
been designed principally in terms of human physiological 
processes and the needs these generate, expressed in 
temperature ranges, humidity level, decibel requirements and 
similar performance levels listed in ASHREA.

ENVIRONMENT BEHAVIOUR

Environmental influences have played a primary 
role in manipulating behaviour. " If we cannot manipulate 
our environment for our advantage it may manipulate us," 
Douglas Parton notes (4). To make environments satisfying to 
our needs two processes are involved:

a. Adaptibility, which involves a change in our
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behaviour and attitudinal values.
b. Adjustibility, which on the other hand would be a 

change in the environment to suit our needs, 
physical or psychological.

Winston Churchill's often quoted words about our built 
environment, " we shape our buildings and afterwards they 
shape us" (5), rightly express man-environment relationship 
in regard to the above processes.

Even though the buildings influence the action 
that might take place, their capacity to achieve this
intended purpose depends on the right combination of other 
factors, not architectural in character, but rather social, 
cultural and psychological. In other words, buildings 
influence the way we act and live but often do not result in 
the particular kind of behaviour that the architect had in 
mind when he designed them.

An attempt to modify behaviour by manipulating 
the physical environment assumes that a constant relationship 
exists between the environment and human response ( the 
cultural traits and individual differences will clearly 
result in behaviour variations ). The effect of environment 
on behaviour is not a direct and simple relationship, but a 
complex systematic interaction. Robert Gutman ('66) suggests, 
that, " the physical layout of a housing tract may influence 
the relationship of the community to the rest of the city,
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social life within the area and the family life in individual 
units." (6)

Lawrence Wylie, a Harvard anthropologist 
describes how his family had to adjust their entire domestic 
pattern when they left their American home, " where a 
movement of the finger regulated the heat of the whole 
house," to live in France. " There were fire places in every 
room, a kitchen stove and a salavander in the study. With 
all this equipment I was determined to keep the house warm, 
as it was theoretically possible. I went from stove to fire
place to furnace, nourishing the various fires with wood and 
coal. It did not take long to discover that it was a full 
time job to keep the fires burning. Even after spending time 
and money to heat the house I had not accomplished the goal. 
I gave up heating and brought my typwriter and books to the 
salle. Then it seemed foolish to have the fire burning in 
the bed rooms which were now used only to dress. it was 
sensible to dress and undress in the salle. The 'bathroom was 
no longer a comfortable refuge as it was at home; we found 
that we needed fewer baths than before. When one of the 
children had an earache at night we no longer sat in his room 
but brought him down infront of the fire and rocked him. The 
fire of oak logs that burned day and night, for six months 
became the focal point of the family. Little by little, our 
family life that had been distributed to the entire house 
withdrew from other rooms and concentrated in the salle. I
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had learned to work while the children played and the 
children learnt to play more quietly. I had to pick up my 
books in order to use the dining table. Without realizing it 
we had to adapt to our environment." (7)

Tuan ('72) states that man, to some degree, 
liberated from the accumulated baggage of his. past and 
lacking concern for the future, may be regarded as an 
organism potentially strongly subjected to both biological 
needs and environmental dictates (8). The concept of 
environmental influence on man has a long history (Glacken 
'67) and man's subjugation to nature has been regarded as one 
of the few major strategies for coping with human problems. 
(Kluckhohn and Strodtbeck '61) (9)

The concept of environment as a dictator, 
directing human action in one direction rather than the other 
became popular in the late 19th Century. The idea that 
climate, soil, terrain and vegetation may control human 
behaviour was eagerly grasped by historians, who, preoccupied 
with the doings of great men, had previously disregarded this 
factor. This concept has a classic background, with 
Aristotle having written on the subject in his book 
'Politics1 (324 b.c). He elaborated on the subject and said, 
" the inhabitants of cold Europe were thereby active and 
brave but deficient in thought and skill. In contrast, the 
people of warm Asia were skillful, intelligent and thoughtful
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but indolent and without spirit. Neither cold nor too hot, 
Greece maintained the principle of the golden mean by 
producing a race with the best qualities of both warm and 
cold regions." (10)

ENERGY AND SOCIETY

Energy sources and their availibility has been 
a major force in determining the social and economic standing 
of society. The past epochal changes in technology and 
social structure have come over very gradually. The shift 
from wood to coal took two hundred years and was a result of 
a complex combination of factors. The industrial revolution, 
to a large part, was made possible by the combination of coal 
as the energy source and steam as the power system which has 
still not run its course. The same is likely to be true for 
social changes that can now be expected as a result of the 
transition to sustainable forms of energy.

As coal became more important economically, 
those who possessed abundant resources were able to use these 
resources to acquire global power. Looking back in history. 
Great Britain was able to use its resources to create an 
industrial economy and a system of military power built on 
iron and steel which produced armaments and warships. Other 
nations have recently exploited oil resources and nuclear
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technology. The social impact of the shift from wood to coal 
in the 19th century and the revolution in the way of life 
brought about by the internal combustion engine and 
electrification are evident from the past. The current and 
prospective impact of nuclear and solar technologies promise 
to be equally significant.

As in the past, society has developed and 
depended on energy as the basis of the economy, lifestyle and 
values of society. The dependence on energy, which today is 
primarily generated from non renewable sources, has been 
astronomical. The figures below indicate the energy use of 
the industrialized nations and the so called developing 
nations. These figures would also help us to percieve the 
relationship and dependence of the development of our society 
on energy.

A human being existing at survival level needs 
2000 K.Calories a day to sustain environmental conditions. 
An average American uses 230,000 K.Calories per day, for 
environmental needs, a 115 fold increase. (Cook 1971)(11)
The consumption and reliance on energy has increased in a 
J-curve. World consumption increased 600% from 1900 to 1965 
and is projected to increase another 450% between 1965 and 
2000. Most of the world's consumption of energy from fossils 
fuels through out history has taken place in the last 30 
years. With 30% of the world population, the industrialized
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nations consume 80% of the world's energy and this gap is 
expected to widen. The United States alone consumes one- 
third of the world's energy with only one-sixteenth of the 
world's population to support. India on the contrary 
supports 15% of the world's population and consumes only 1,5% 
of the world's energy. Each year 214 million Americans use 
as much energy for air conditioning their interior 
environments as 800 million Chinese use for all their needs. 
Furthermore Americans waste as much energy as 105 million 
Japanese consume for their total energy requirements. ( Udall 
1973)(12)

A varied number of factors are involved in the 
increase in the energy usage level. Rapaport and Watson 
observe ('72), that in any culture, comfort and standards are 
complex matters affected by socio-cultural variables. 
Rapaport goes on to say that, " the relative importance of 
comfort and other considerations may vary with meaning, 
privacy, status, identity, lifestyle, belief systems, social 
relations and many other including latent functions may be 
more important than climatic response and energy efficiency." 
(13)

Looking at some of the factors that influence 
the use of energy, it is important to mention that our built 
environment is one of the foremost factors affecting the 
increased use of energy. The prevailing building methodology
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has been made viable through a large infusion of fossil fuel 
energy. The size, shape, amenities and construction 
materials of buildings have been dictated to a large extent 
by short term economics. One third of the total energy 
expended is consumed today to heat and cool the built 
environment and another 15% of the energy is used to build 
them. A large part of the increase in energy used in our 
built environment is due to the change in behaviour patterns, 
clothing, food consumption, comfort level organization and 
timing of activities and social standards and aspirations to 
name a few.

There has been a marked change in comfort 
levels because of the change in the environmental thermal 
conditions that we have today. Studies of the so called 
'comfort zone1 or the zone of thermal neutrality, for lightly 
clothed, sedentary individuals show considerable variations. 
According to one report, the comfort zone for the British 
lies between 58 degrees f. to 70 degrees f; the comfort zone 
in the United States lies between 69 - 80 degrees f. and in 
the tropics this is between 74 - 85 degrees f. The comfort 
zone also varies with each individual according to factors 
such as age, sex and acclimatization.(14)

Our dependence on a uniformly comfortable 
environment has resulted in the lifestyle we lead today. 
Space usage patterns no longer revolve around the common
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space, which in the past, was the most thermally comfortable 
space. instead, our activities are diffused over the entire 
environment. The style and material of our clothing, which 
is much lighter and made of synthetics, for convenience in 
our busy lives, offer less insulation and comfort. Also, 
our eating habits have changed and there has been a reduction 
in our level of activity due to the mechanization of work.

Explaining this sharp increase in the energy 
use level E.F Schumacner in his book ' Small is Beautiful 1 
writes, " Modern man does not experience himself as a part of 
nature but as an outside force destined to dominate and 
conquer it. He even talks of battles with nature, forgetting 
that if he won the battle he would still find himself at the 
loosing end. Until quite recently the battle seemed to go 
well, giving him the illusion of unlimited power, but not so 
well as to bring the total victory into view. This has now 
come to the view and many people, although still a small 
minority are beginning to realize what this means to the 
continuous existence of humanity. The unlimited powers 
nourished by astonishing scientific and technological 
achievements have produced the illusion of having solved the 
problem of production. This illusion is based on the failure 
to distinguish between capital and income. We view our 
exhaustable energy sources as income and not capital, whereas 
we should be considering fuel as capital and not income and 
then we would find some reason for conserving it. We are
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maximizing our usage instead of minimizing it and are far 
from being interested in possibilities of alternate methods 
of production and patterns of living." (15)

Modern society values mobility, material goods, 
rising standards of living and convenient products that save 
time and effort. Such basic values and behaviour patterns 
are deeply ingrained and change slowly. It is unlikely that 
we will return to an economy fueled primarily by human and 
animal energy, as some people profess. Rather,. we should aim 
at developing a built environment that is self sustaining and 
ecologically sympathetic. This approach is based on natural 
systems married judiciously with selected modern technology, 
improved lifestyles and reduction of the negative impact on 
the earth's fragile and finite resources.

This would, mean that there is a need to make 
major adjustments, not only in the lifestyle and expectation 
but in fundamental values too. Addressing the question 
whether there is a readiness to fulfil this need, Ivan 
Barbour and Harvey Brooks in their book 'Energy and American 
Values' comment, " traditional values will certainly have to 
be adjusted in some respect, but so far there is little 
warrant for supposing that radical transformation will need 
to be made in the social and political system to cope with 
the impact of the energy problem. Over time, the cumulative 
effect of incremental changes in lifestyle may amount to a
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significant alteration in the balance of options available to 
most people. There may be less emphasis on the private and 
more on the public and quasi-public in such areas as housing 
and transportation. America may experience a rebirth of 
community life and decentralization.” (16)

Ecological awareness is critical for society 
and human existance. This does not imply a rejection of 
technology or a romantic return to nature, but rather a 
recognition of the far reaching repercussions of our deeds. 
Some people have advocated or adapted simpler lifestyles, in 
which well being is sought primarily in human relationships, 
community life, meaningful work and greater local self 
sufficiency. Simplicity is defined not as a spirit of 
ascetic self denial but as part of an alternative vision of a 
good life. There is a shift here from an industrial to a 
post-industrial paradigm, not a withdrawl from the world or a 
return to the pastoral past.

While some of the advocates of alternate 
lifestyle seem to reject all but the most primitive 
technologies, most recognize that an appropriate science 
based technology is essential if the planet is to support 
even its present population at an acceptable standard of 
living. It is not viable to compare traditional socities and 
urban-industrial!zed societies by a selection of their 
environments. In traditional societies, the lack of complex
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technology and closeness to nature ensures that the process 
of decision making, action, feedback, and environmental 
alteration is immediate, continuous and adaptive. In urban- 
industrialised societies, however, the process of decision 
making is excessively complex, though the ultimate decision 
is based is the behaviourial and experiential environment.

RESPONSES TO THERMAL COMFORT

Thermal qualities of the environment have been, 
for centuries, a major force in dictating the spatial pattern 
and behaviour of people, influencing both social and cultural 
values. Keeping warm and cool has since time immemorial been 
an every day activity, though most people do not notice their 
response to thermal need since these activities are so well 
integrated in nature and proceed almost at the unconscious 
level. Response to the thermal environment may involve a 
change in behaviour, clothing, food consumption, organization 
timing of activity, social standards and aspirations. Our 
metabolic adjustments allow us to maintain comfort over a 
large spread of thermal conditions by consciously varying our 
activities to increase or decrease heat production. Such 
thermal responses have developed into daily patterns, like 
working in the cool morning and using the hottest part of the
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day as seista time, thus effectively keeping body heat 
production to a minimum.

A hundred years ago the concept of a "localized
heat source creating a pocket of comfort" was
literally. Children were sent off to school with
potatoes or hard boiled eggs in their pockets, these portable 
heat sources were also a part .of their lunch (17). In 
Northern India, where it gets extremely cold, people wear 
loosely fitted gowns and carry a pot full of ignited 
charcoal. The way these people sit and dress has greatly 
been influenced by their need to keep warm in the cold region 
of the Himalayas.

In various countries, certain places become the 
center for all conservation and rituals. In Italy, women 
gather in the bakers shop to gossip, it being warm and 
comfortable. During the past, in the city, a spot of comfort 
was often the corner hot chestnut stand, the baked potato 
man's cart or the coffee stall. " Before six in the 
morning," observed illustrator Gustave Dore over a hundred 
years ago, " while the mantle of night still lies over the 
sloppy streets and the air stings the limbs to the marrow: 
shadows of men and boys may be seen, black objects against 
the deep gloom gliding out of the side street to the main 
thoroughfare. The baked potato man and the keeper of the 
coffee stall are their most welcome friends and their truest.
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For they sell warmth that sustains and does not poison."(18)

In japan, spot heating is achieved by cutting a 
two foot hole in the center of the room into which a heater 
is placed. This is then covered with a wood screen on the 
ground to protect the feet of the people who will sit around 
it. A table is placed over it and a futon is draped over the 
table and this is pulled over the legs of the people sitting 
around the table on the floor. This close sitting 
arrangement favours interaction within the family and is 
almost a ritual (19). Surprisingly the Persians use a 
similar method for heating, even though the two cultures are 
so different and far apart.

Thermal comfort has been a prime source in 
bringing the community and the family together. In colonial 
times the kitchen was used for a majority of the family 
activity. Most houses had a centrally located room with the 
hearth; this was the most comfortable and used space in the 
house, a concept that Frank Llyod Wright used while designing 
most of his houses. Frank Kelly, who grew up in the 
Berkshires in Massachusetts during the '30's, recalls that, 
"when it got bitterly cold, we had a standing agreement to 
get together with our neighbours, eighteen to twenty of us at 
times, sitting in one room in front of the fire and the 
children bundling together, 4-5 in a bed to keep themselves 
warm."(20)
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In hot desert climates, the use of the built 
environment varies and is adapted according to the needs. An 
interesting example can be quoted from Iran, a hot arid 
region. The municipality has made new buildings for 
entertainment for the residents at convienient areas, called 
Maydans, to try and shift the focus from the traditional 
bazaars. The new structures that house theaters, shopping 
areas and a number of other functions are barely used as 
people still prefer to go to the bazaar for social 
intercourse. The traditional bazaar is cool, adequately lit, 
cozy and an intimate environment, while the maydans fulfill 
none of the above. (21)

The affect that a stove had on the life style 
of people has been aptly described by Alexis in People 
Heaters. She says, "people who own wood stoves know that a 
strange dependency grows between themselves and the stoves. 
It becomes a part of the family, demanding its share of 
attention along with every one else. It has a voracious 
appetite and the ability to perform magnificently but does 
pretty much what it wants." (22) Talking about the 
importance of the kitchen stove an old timer recollects, " 
for the children the kitchen stove was like a third parent, 
we dressed and undressed besides it, took our baths in the 
old wash tub pulled into its hole of warmth, did our home 
work on frigid nights with the oven door open and our feet



propped inside. We learnt to cook early in life because it 
was fun and we loved good food and because on a winter day or 
rainy night it was the cosiest thing to do." (23)

Central heating marked a technological advance 
but the social loss was enormous. The well irttentioned 
technology brought about the dismemberment of the family 
unit. Gone were the kitchen helpers and constant companions, 
the nightly family musical sessions, religious Or philosophic 
studies, story telling and recitations. The family unit had 
disappeared and members retreated to their separately heated 
caves.

One old timer found himself pacing the floor at 
his son-in-laws house - "I don't know where I am supposed to 
sit - every thing was the same temperaturehe muttered. 
(24) To keep warm people had to go through a ritual of 
shutting down windows, putting multiples in bed, adding 
layers of clothing, wearing wool hats and scarfs. They must 
have found it extremely difficult to adjust to the new 
arrangement and way of life in the centrally heated house. 
Infact, the author sees herself turning off the heating and 
cooling in her apartment so she can wear an extra pullover in 
the house and drink tea to keep warm, a concept she is so 
used to. The experience of not sleeping with a heavy quilt 
in the winter, when the temperature outside is near freezing, 
is not satisfying, because one cannot experience the winter
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for which one waits for so many months.

The body is a space heater as well as a heat 
receiver. To keep warm, the body must maintain a heat 
balance - it must receive as much heat as it radiates. Heat 
is transfered to the body by radiation, conduction or 
convection«

Today we dress in clothes made of synthetic 
fabrics, which although more convenient to maintain, do not 
provide adequate comfort, being too cold in the winter and 
hot in the summer.
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CHAPTER TWO

PASSIVE SOLAR ENVIRONMENTS

Passive is defined in the dictionary as, 'not 
involving visible reaction or active participation1; 
'produced or caused by an external agency1; 'being an object 
of action rather than causing it."

Thus, we can sum up passive solar environments 
as those that are acted upon by the sun and then this energy 
is used to heat and cool the environments. Edward Mazaria 
defines the passive solar system as, " that, in which thermal 
energy flow, in the system, is by natural means such as 
radiation, conduction and natural convection." He further 
goes on to say, " in essence, the building structure or some 
element of it is the system. ...the passive system operates 
on the energy available in its immediate environment and the 
active imports energy, such as electricity, to power the fans 
and pumps which make the system work." (25)

As the external energy source in these 
environments is the sun and other natural elements, certain
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principles in the form of building strategies have to be 
incorporated to make effective use of the energy from the 
sun. The dispersion of energy to the environment here is not 
within our control, therefore the various building features 
have to be critically and carefully examined. The basic 
features involved are, orientation of the building in 
relation to the movement of the sun, spatial organization 
within the built environment, opening designs in accordance 
to the solar radiation, use of materials involving colour and 
texture decisions depending on the location of the material, 
movement of air and natural lighting, to name a few. All the 
features have to be used in relation to each other and to the 
whole built environment for maximum efficiency.

The principal of passive environment design is 
the collection of heat by solar radiation in appropriate 
materials and the effective distribution of this heat to the 
interior spaces, facilitated by natural air movement. 
Passive solar design is referred to as the direct gain 
system, where sun is allowed to penetrate the interior space, 
warming the mass which stores the heat and re-radiates it at 
a later period. These heat storage surfaces are low in 
reflectance to allow effective heat absorbtion, whereas the 
low mass surfaces are light in colour to provide good light 
distribution. The value of the colour of the surface, its 
lightness and darkness is the main determinant of the the 
proportion of light reflected or absorbed. Textured surfaces
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are important for the heat absorbtion process.

Our increasing awareness that fossil fuels are 
diminishing and non renewable, coupled with the concern about 
the rapid increase in population and other environmental 
concerns has dictated an adoption of this new concept and 
perception of form and function of the future buildings 
incorporating passive systems and strategies. in these 
environments, it is important that the occupant lives in 
harmony with the building and surrounding conditions. This 
involves a certain amount of occupant labour and 
participation, in the form of opening and closing vents and 
windows, wearing extra clothing and so forth. There is 
certainly a hesistancy amongst people who think that this 
means a step back from the life that they have aspired for.

An interesting example of the adjustments 
required to live in a passive solar house is the case of 
Karen Terry, who lives in a passive solar house in Santa Pe. 
She says that she follows the temprature change in the house 
with a migratory strategy similar to the Tunisians, who move 
through their courtyard houses according to the daily and 
seasonal temprature cycle. She works in the cooler lower 
level, eats in the mid-level and sleeps in the warm upper 
level. She feels that the house with its openess to the sky 
and its responsiveness to the climate helps connect her to 
the natural rhythems. " Living in a solar house is a new
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awareness, another dimension, I have the comfort of a house 
and the serenity of being out doors, protected yet tuned in", 
she says. (26)

Another person who lives in a passive solar 
house remarks, " it is not only the financial saving, but we 
grow more aware of the tenuous hold our lives have on this 
small planet, more convinced that the sun renews us in an 
almost religious way. It has made me profoundly grateful 
that the sun is up there, the center of the universe, warming 
us and and keeping us alive, something every man knew and 
felt, has now become a part of our lives." (26)

METHODOLOGY

Methods used for the research were arrived at 
after reviewing houses and studying the passive strategies 
used in various houses.

A number of houses in and around Tucson were visited and 
observations were made. Informal conservations with the 
occupants and various designers brought up certain questions 
which were later used to formulate the first questionnaire. 
The houses selected for this were the ones that were well
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known or which were suggested by some architects.

Conversations with architects, builders and 
designers proved to be very useful to understand the 
reactions and the needs of the people who were selecting 
passive solar houses and their understanding of these houses.

During this initial process a short 
questionnaire was developed and conducted on 75 people who 
visited the 'Parade of Homes' in Tucson, where there were 10 
houses on display, some supposedly having passive solar 
features. The questions dealt with the their perception of 
solar homes and some were based on the 'voluntary Simplicity 
Lifestyle1,study conducted in Palo Alto, California (27), 
which dealt with questions involving lifestyles of the people 
who would live in passive or active solar homes. It was 
interesting to note the similarity of results between this 
and the 'voluntary Simplicity Lifestyle1 study. This 
questionnaire and its results provided a deeper insight and 
understanding into the lifestyle of the potential owners 
of solar homes.

From the informal conservations with
architects, designers and people living in passive solar 
homes, a literature review and the initial questionnaire a 
rather extensive open ended questionnaire was developed 
(appendix A) which was to be conducted on people living in
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passive solar houses. The questionnaire was pretested on 
five people and certain changes were made to get precise 
answers on the use of certain spaces and the time of the use 
of these spaces. it was later decided that instead of asking 
for descriptive answers to the question dealing with the use 
of the spaces and the time of use, a plan of the house would 
be given to the respondents and that they would be able to 
mark out their space usage patterns, which proved to be a 
good decision as the respondents tended to be more interested 
in a drawing rather than writing descriptions over numerous 
pages.

There was not much choice for the selection of 
the houses for the study and no scientific method for the 
selection of the sample could be arrived at. The reason for 
this was that there was no comprehensive list of passive 
solar houses available. There was also no way of finding the 
total number of passive houses in Tucson. This posed a 
problem for selecting the houses. Five categories of passive 
houses were identified based on the various material and 
strategies used. The categories were:

1. Adobe
2. Conventional materials
3. Adobe and conventional materials
4. Earth Sheltered
5. Retrofit
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These categories later proved to be of no great 
advantage in selecting the sample, as the number of houses 
identified was very small. The houses that could be 
identified and the owners willing to participate were used. 
The only houses which were excluded were the ones in which 
people had lived less than one year. Houses located in and 
around Tucson, Pheonix and Santa Fe were included in the 
study, in all, questionnaires were distributed to residents 
of thirty three houses.

Each house was visited twice. The first time 
to get an understanding of the passive strategies used and 
to talk with the respondents in detail about the house and 
their lifestyle. Notes were taken of the conservation and 
other unusual features that were observed were noted and 
photographs taken. Separate questionnaires were given to 
both the husband and wife; these included a rough house plan. 
During the second visit, the questionnaires were reviewed and 
the responses were discussed.

It was noticed that while talking to the 
various respondents the responses were written separately but 
as both respondents were interviewed together, the responses 
were influenced by each other. On further discussion it was 
decided to use the response of the person who was more 
involved and showed more interest in the research. This, 
therefore, further reduced the number. Finally, twenty five

29



of the houses and respondents were included for the results 
and the analysis of the first questionnaire as the data of 
some of the other houses was not complete.

The results of this first questionnaire was 
statistically analysied using the chi-square and some very 
interesting results were arrived at. The results have been 
discussed in chapter three.

As the first questionnaire was an open ended 
one, it was felt that every respondent did not get a chance 
to answer the question and therefore no in depth statistical 
analysis could be conducted. it was therefore decided to 
conduct another questionnaire, this time a close ended one, 
which would include responses from the first questionnaire. 
The weightage that each response had got in the first 
questionnaire was carefully studied and the ones that were 
selected for the second questionnaire were the those that 
had a greater frequency of occurance of responses.

The houses for the second questionnaire was an 
even greater problem and in this process time was a 
limitation. It was therefore decided that the questionnaire 
would be given to any available houses in and around Tucson. 
Some of the houses from the previous sample were also 
included. The questionnaire was conducted on twenty 
respondents and it was encouraging that each one of the
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respondents completed the questionnaire very enthusiastically 
and promptly.

From the data gathered and its analysis, a set 
of guidelines were arrived at for designing passive 
environments with an awareness of the behaviour of the 
occupants and the users of these environments.
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CHAPTER THREE

Twenty five houses, in and around. Tucson, 
Phoenix and Santa Fe, was selected. An open ended 
questionnaire was formulated (Appendix A) and the questions 
were worded after talking to people living in passive houses. 
Each house was visited twice, the first time to talk and make 
observations of the house and make plans. The plan was later 
given to the respondents, alongwith the questionnaire, to 
mark their space usage pattern. During the second visit, the 
completed questionnaire was discussed in detail. The 
questionnaire was given to both husband and wife. They were 
interviewed together and their comments noted; this later 
posed a problem and one of the two had to be excluded from 
the sample. On careful consideration, the person who had 
been least involved with the research was excluded.

It was interesting to note that five of the 
houses belonged to architects or builders; another five were 
owned by artists (one a writer; two painters and two 
musicians )„ The other houses were owned by highly qualified 
professionals. Three of the owners stressed that the idea of 
a passive solar house and the adjustments that one had to 
make while living in these environments had been the cause of 
marital unpleasantness, ending in divorce.
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Thirteen of the respondents were in their 
thirties and eight were in the mid fifties. It was 
statistically concluded that it was either young or retired 
people who tend to live in these houses.

The behavioral responses were categorised as:

a. Psychological - behavior related to the 
psychological aspects, eg the bare floor 
feeling cold.

b. Spatial - behavior related to the use of 
space.

c. Social - behavior related to the social use 
of space, eg. the fire place becoming the 
center of activity.

d. Work related to the additional work
required to operate each feature or work
due to certain passive features, eg.
covering the furniture to protect it from 
fading.

e. Physiological - behavior to satisfy the 
physiological needs to achieve maximum 
comfort, eg. wearing extra clothes to 
generate the required warmth.

The frequencey of the responses for each behaviour catogary 
are listed in Tables 1 and 2.
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TABLE - 1 SHOWING NUMBER OF RESPONSES IN BEHAVIOUR 
CATEGORIES IN RELATION TO THE PASSIVE FEATURES.

PASSIVE FEATURE PSYCHO
LOGICAL

SPATIAL SOCIAL WORK PHYSIO
LOGICAL

Thermal mass 
23 18 5 1 12 3

Sunspace
15 4 5 4 12 3

Shading 22 11 1 5 15 0

Fire place/ 
stove 17 11 9 7 12 11

Clearstory/ 
High win. 23 11 9 0 26 0

Natural light 
25 12 10 11 7 1

T.wall/R.b/ 
C.P 5 4 1 0 2 0

Earth-shelter
5 5 3 3 3 0

Gray/rain 
water 5 5 0 0 7 0

Open plan
21 17 19 17 0 0

Thermal 
comfort 20 25 14 20 4 0
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TABLE - 2 SHOWING THE PERCENTAGES OF RESPONSES IN RELATION TO THE NUMBER OF OCCURANCE OF EACH FEATURE.

PASSIVE FEATURES PSYCHO SPATIAL SOCIAL WORK PHYSIO

Thermal mass 
23 78 22 4 5 2 13

Sunspace
15 27 33 27 8 0 20

Shading
21 24 29 24 71 0

Fire place/ 
stove 17 65 53 41 70 65

Clearstory/ 
High win. 23 48 39 0 123 0

Natural light 
25 48 40 44 28 4

T.wall/R.b/C.p5 4 1 0 2 0

Earth-shelter5 5 3 3 3 0

G/R water
5 . 5 0 0 7 0

Open plan 21 85 95 95 0 0

Thermal com.25 56 80 16 0 80
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TABLE - 3 S H O W I N G  THE OCCURANCE OF PASSIVE F E A T U R E  IN
VA R I O U S  C A T O G A R I E S  OF PASSIVE SOLAR HOUSES.

PASSIVE
FEATURES

HIGH
MASS

EARTH
SHELTER

LOW
MASS

RETRO
FIT LOW/HIGH MASS

Thermal
mass 8 3 7 2 ,3

Sunspace 7 3 2 2

Orientation 8 3 7 2 3

Shading 7 3 5 2 3

Fireplace 8 4 7 2 3

Clearstory 5 1 5 1 2

Open plan 7 3 7 1 2

High window 6 4 8 2 3
Natural
light 8 4 8 2 3

C.P/T.B/R.B - 2 1 - 2

Earthshelter 4 1 - -

Vegetation 6 1 3 1 3

Solar-panel 7 3 4 1 3

Colour 7 3 4 1 3

G/R water 4 - 1 - -

Kloss window 4 4 1

36



PHYSICAL FEATURES OF THE PASSIVE HOUSES

The passive features, in most of the houses 
were common, depending upon the type of construction. The 
houses studied were be grouped as:

a. Adobe / high mass
b. wood frame construction / low mass
c. earth sheltered and
d. retrofits.

On running a chi-square, no significant 
differences were found in the types of passive strategies 
used in each of the different groups (Table 3).

The principle of thermal lag was applied by 
using high mass materials, like adobe and cement blocks, for 
walls and cement floors finished with tiles or bricks. 
Clearstories had been used to facilitate the heat storage 
process. High openable windows, in the clearstory, and vents 
were used as a system to facilitate air movement and the 
distribution of heat collected in the interior spaces. Sun 
spaces were frequently used features and were distinctly of 
two kinds, one totally for thermal reasons and the second for 
functional activities as well. The location of these spaces 
was determined by the orientation / view preference factor.
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Another very important and commonly used feature was natural 
lighting. The use of dark colours to facilitate heat 
absorbtion was the trade off with this feature.

Shading, both temporary and permanent, which 
required work both daily and seasonally, was used in many 
different forms. Thermal blankets to retain heat within the 
space was used in the colder areas. In fact all the houses 
in Santa Fe had this feature. Open interior spaces were used 
and these spaces were divided by creating levels or by using 
furniture partitions. Double height spaces were used to link 
spaces between two floors and to facilitate the distribution 
of heat in the space. Earth sheltered houses, partly or 
totally covered, made up 20% of the sample and these houses 
had most of the features that were found in the other passive 
houses.

Strategies like cool pipes, trombe walls, and 
rock beds were used in five of the houses but were not 
frequently utilized features as people felt that they were 
too complex to operate. Five of the very concerned owners 
had used gray water and rain water collection systems. It was 
noticed that the gray water systems were very well integrated 
into the passive system, whereas the rain water systems were 
rather informal.

On running a chi-square analysis on the data it
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was found that the spatial, social, work and physiological 
Categories had a probability less than 0.005. The factors 
which were statistically significant in these categories, in 
relation to the physical features, have been described below.

SPATIAL

This response, in relation to the open plan 
strategy, was most significant. It was felt that the open 
plan dictated the furniture layout in the space and was very 
restrictive. It was observed that some of the respondents 
had organized the space in a way which had decreased its 
usefulness.lt was remarked that as there were very few walls, 
it was not possible to organize a functional usage of space. 
Two of the respondents remarked that the furniture had to be 
heavier as there were no walls and as people tend to lean 
against the furniture it tends to move and had to be 
constantly moved back into place.

Another interesting response was that due to 
the open plan, certain areas within the space seem to be used 
more frequentl; this was remarked by a few as a constant 
reminder that the rest of the space was wasted.
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SOCIAL

This behavior category was also most 
significant in relation to the open plan. The most frequent 
comment was that this feature had made them more aware of 
each others activities. One of the respondent remarked that 
he had started helping his wife with the kitchen chores as he 
was for ever seeing her work while he relaxed. The 
respondents felt that this feature had increased interaction 
amongst the family, though some of the comments against this 
feature included noise and lack of privacy. People felt that 
they were disturbed in these spaces, especially those who had 
children.

It was remarked that because of the open plan 
they tended to entertain more, the social gathering being 
divided into smaller groups, yet being a part of the whole. 
People who came to the gathering also enjoyed this feature 
and thus opted to get together more in these houses.

WORK

Clearstories dictated a certain amount of work, 
which was refered to as additional work, though not in the 
negative sense. Opening and closing of the vents were very 
important functions to make the house totally efficient. In
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fact some of the respondents realized that this activity had 
to be carefully monitored according to the time of the day, 
or the space would be either too hot or too cold. This 
activity had to be performed on a daily basis and in 
referring to this, one of the respondent remarked that he 
felt he was living in a machine and had total control over 
it, and this gave him a sense of satisfaction. The 
respondents did not feel that this was a burden, though one 
of the respondents said that if he was away from the house 
and did not close the vents the house got too cold and he was 
forced to turn on the backup heat.

One of the respondents, who was usually busy 
through the week, had solved the problem by using a 
thermostat controlled fan in the vent between the house and 
the sunspace which turned on automatically when the 
temperature in the sunspace reached a certain point.

Fading of the fabric colours was a problem due 
to the clearstory and people tended to cover the furniture, 
which meant extra work^ Often the furniture arrangement was 
changed to avoid fading? this was done seasonally.

PHYSIOLOGICAL

This behavioral response was the most



significant in relation to the overall thermal comfort of the 
house. All the respondents commented about their way of 
dressing to achieve maximum thermal comfort. They tended to 
dress more warmly during the winter and wear fewer clothes in 
the summer for comfort. Two of the respondents also 
mentioned that they did not feel as dry in the house as they 
had felt in their other conventionally heated house.

y
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RESPONSES TO PASSIVE FEATURES

THERMAL MASS 
(refer table - 4)

Thermal mass was a frequently used feature.
Of the twenty five housesf twenty four had thermal mass in 
the floors or walls. This feature, is used in passive 
houses, to store heat from the sun which is then reradiated 
after a time lag, a factor depending upon the material, into 
the interior space. The heat storage surfaces are low in 
reflectance to allow good heat absorption. Colour is an 
important factor governing the absorbtion and reflection of 
solar radiation.

In eighteen of the houses, thermal mass was in 
the form of either adobe or concrete block walls and or in 
the floors, which were finished with tiles or bricks. Two of 
the houses had trombe walls as additional thermal mass. Of 
the rest, five had thermal storage only in the floors; one 
had thermal storage only in the walls. The responses to this 
feature, dealing with each category of behavior were:

Psychological
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Eleven of the respondents said that the bare 
floor felt cold. A bare floor is required so that the sun 
is be able to strike the thermal mass surface so the heat may 
be absorbed by that surface. Three of the respondents had 
used carpets in their bedrooms and four said that they used 
throw rugs seasonally, so as to be able to solve the problem 
of the floor feeling cold.

Three of the respondents said that the walls 
that had been used for thermal mass, felt too stark and 
massive; two of the respondents had placed heavy pieces of 
furniture against them, thus reducing the effectiveness of 
the thermal mass provided in the walls. Two of the 
respondents had hung paintings on the wall and commented that 
these tended to fade.

Four of the respondents commented on the use of 
dark colours for efficient heat absorbtion. Two said they 
had not used colour, because it would make the space look 
smaller and darker and the other two, who had dark walls said 
that they wanted to paint the walls a lighter colour. Only 
one respondent was quite satisfied with the dark colour, 
though he said that this had been a major issue with the 
architect, but after a lot of persuation he had used dark 
purple on the wall though it had taken a while to get used 
to. All of the respondents commented on the colour of the 
floor; some said that it gave the house a country look and a
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south western character. Dust showing up more on the floor 
was also a criteria.

Spatial
Three of the respondents said that the thermal 

mass features restricted the layout of furniture as part of 
the floor / wall had to be kept bare. It was observed that 
at times furniture was placed disregarding this requirment, 
for a better furniture layout, thus fading over time. It was 
interesting to note that two of the respondents had placed 
furniture against walls as they felt warmer.

Social
It was felt by four respondents that social 

interaction was confined to certain areas because these areas 
were warmer due to the thermal mass.

Work
Three of the respondents.mentioned that dust 

showed up more and as a result, extra work was required. 
Using throw rugs seasonally by five of the respondents was 
also reported to be extra work. It was observed that because 
of the fading problem, two of the respondents covered their 
furniture and only took off the covers when they had 
visitors. Two of the respondents said that they changed the 
furniture arrangement according to the season to avoid 
fading, which at times was contrived.
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Physiological
Two of the respondents mentioned that their 

feet ached initially while getting used to the hard floor. 
Two persons said that the floor felt cold; they tended to 
wear extra covering on their feet in the winter and walked 
bare footed during the summer.
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TABLE - 4 SUMMARY OF RESPONSES TO THERMAL MASS
The number of houses that had this feature either in the 
walls or floors were 23.

BEHAVIOUR RESPONSE NUMBER
PSYCHOLOGICAL

The bare floor feels cold 11
The bare walls' feels stark 
and massive.

3

The dark colour of the walls 
is objectionable, making the 
room look small and dark.

4

SPATIAL
The furniture layout is 
restricted.

3

Furniture has been placed next 
to the walls because of the the temprature of the wall.

2

SOCIAL
Social interaction is restricted 
to certain areas, depending on 
thermal comfort.

1

WORK
Spend more time cleaning as the 
dust shows up more on the floor.

3

Use throw rugs seasonally on the 
floor.

5

Cover or move furniture seasonally 
to avoid fading.

4

PSYCHOLOGICAL
The floor feels cold, so have to 
wear extra clothing.

1

The floor is hard and the feet 
ache initially getting used to it.

2
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SDNSPACES
(refer table - 5)

Sun spaces, attached to a house or any built 
environment, performs the function of collecting heat, by 
having large areas of glass on the southern side, which 
transmit short wave radiations. The heat collected can be 
circulated in the attached house or stored and used at a 
later period when the out side temperature is low. This 
space can be covered with an insulating material to help 
retain the heat within the space. The heat collected is 
circulated by using vents and fans in the connecting wall 
between the house and the sunspace. These spaces are 
favorable for growing plants as there is adequate sunlight 
and heat. These spaces also help in maintaining comfortable 
conditions within the house, by keeping the humidity level 
stable.

Sun spaces were commonly found features in the 
houses surveyed. Fifteen of the twentyfive houses had these 
spaces, though they were not all used for the same purpose. 
The two functions performed by these spaces were:

1. Heat collection and storage
2. Heat collection and additional utilization of the 

space as an integral part of the house.
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Sun spaces, used for the collection of heat 
alone, were mostly in houses where the main view was on the 
north side. The organization of the space within the house 
was such that it revolved more around the view than thermal 
comfort. In these spaces it was noticed that not much effort 
had been put into the space and no plants were grown. In two 
of the houses, these spaces were used for drying clothes.

In houses, where the sunspaces were extensively 
used, these were spaces where most major activity took place, 
in the winter or the cooler months. These spaces were well 
maintained with lots of plants and looked well used. One of 
the respondents remarked that seeing the amount that this 
space was used, he often wondered if the rest of the living 
space in the house was wasted.

Psychological
Four of the respondents mentioned that they 

felt healthier and closer to nature as they had started 
growing plants and were somehow more aware of the seasons. 
They felt that this had made them more aware ecologically and 
the conditions within the house were more natural. They did 
not experience the dryness, that they said they associated 
with conventional air conditioned houses, in this space.
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Spatial
Five respondents drew a distinct movement 

pattern on the plans supplied to them, showing the use of the 
spaces in the house in relation to the sunspace. These 
spaces were used all the time during the winter and in the 
mornings during all seasons, as it was very comfortable. 
During the summer, these were opened up and ventilated and 
were pleasant places to sit in the evenings.

Social
Five of the respondents remarked that sunspaces 

tended to be the central area within their house for all 
activities and like the fire place, during the winter 
evenings, these were the areas most used during winter days, 
as they were the warmest spaces. People tended to shift all 
their activities to these spaces and even socialized there 
most of the time.

Work
Four of the respondents remarked that they had 

to put in additional work for opening and closing the vents 
from the sunspace to the house for proper circulation of the 
heat collected in the sunspace. Six of the respondents 
remarked that they had got more involved with growing plants, 
seeing how well plants grew in these spaces and that involved 
additional work. Two of the respondents also commented that 
they had to put additional shading devices seasonally to
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protect over heating of the space during summer.

Physiological
Two of the respondents remarked that these 

spaces were much warmer than the rest of the house and 
therefore they wore less clothing while using these spaces.

Remarks
One of the respondents had lived in a passive 

solar house before which had a sunspace and had experienced 
the additional work involved; hence the sunspace in his house 
was only for the purpose of collecting heat and distributing 
it to the rest of the house. To eliminate the work of 
opening and closing vents he had installed a thermostatically 
controlled fan which automatically functioned when the
temperature of the sun space reached a certain level. The 
sunspace was used by two of the respondents for drying 
clothes.
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TABLE - 5 SUMMARY OF RESPONSES TO SUNSPACE
The number of houses that had this feature was 15

BEHAVIOUR RESPONSE NUMBER
PSYCHOLOGICAL

Feel healtheir and closer to 
nature because of the additional 
plants and brightness in the space.

4 '

SPATIAL
Use the space at different times 
according to the season and thermal 
comfort.

5

SOCIAL
The space becomes the center of 
activity.

4

WORK
Open and close the vents either 
seasonally or daily.

4

Started growing more plants 6
Have to put on the shading either 
seasonally or daily.

2

PHYSIOLOGICAL
Feel warmer in the space therefore 
dress differently in the space.

3
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SHADING/THERMAL COVERING
(refer table - 6)

Shading is a strategy used to eliminate the 
direct penetration of heat into the house. It is used either 
as a permanent or temporary device. The dimensions of the 
permanent shading elements are calculated according to the 
sun angle and the time of the year when the sun's penetration 
is required within the space. Temporary shading devices are 
used eliminate heat gain during the summer months. 21 of the 
25 houses studied had shading devices of some kind or the 
other that were used seasonally or permanently. The responses 
were varied and on performing the chi-square analysis it was 
found significant at the 0.005 level. Responses regarding 
the work behaviour were the most significant.

Psychological
11 of the respondents remarked about the 

psychological aspect of using this strategy. Five of the 
respondents said that they liked the effect and colour of the 
shading devices. They felt that these gave the space a 
definite character. Three of the respondents felt that the 
shading devices restricted the view. Infact, one of the 
respondents said that the device gave the feeling of the
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space being enclosed and therefore directing the eye. Three 
of the respondents remarked that shading devices gave a 
cool feeling to the space; the colour of the device was 
mentioned as being an important factor.

Spatial
One of the respondents said that when the space 

outside was shaded during the winter they tended to use that 
area more instead of sitting directly in the open area. He 
also commented on the use of the shaded area during the 
summer.

Social
Five of the respondents commented that they 

frequently used the shaded area.

Work
Fifteen of the respondents commented on the 

work involved with shading devices. These had to be added on 
seasonally; some remarked that they had to work on these on a 
daily basis opening and closing them according to the time of 
the day and the season and the interior space requirement.
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TABLE - 6 SUMMARY OF RESPONSES TO SHADING/THERMAL COVERING
The number of houses that had this feature was 22.

BEHAVIOUR RESPONSES NUMBER
PSYCHOLOGICAL

Used different types Of shades 
as I like the colour and feeling 
of coolness.

5

Shades restricts the view. 3
SPATIAL

There tends to be more activity 
in the shaded areas.

1

SOCIAL
Socializing tends to be mostly 
in shaded areas.

5

WORK
The shades have to be put on 
seasonally.

15

The shades have to be opened and 
closed daily.

5
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CLEARSTORY/OPENABLE WINDOWS
(refer table - 7)

Clearstories and high openable windows are used 
for the following purposes :

1. Natural light
2. Direct gain of radiant energy from sunlight.
3. Ventilation.

These features require to be operated on a regular basis and 
affect the thermal comfort within the space tremendously if 
they are not carefully monitored. 23 of the 25 houses had 
these features incorporated and the responses involved 
psychological, social and work behavior. On performing a
chi-square it was found to be significant at the 0.005 level, 
the work behavior being the most significant feature.

Psychological
Nine of the respondents felt that the

clearstory was an important factor in imparting a feeling of 
spaciousness to the interior spaces. They felt that
additional light as well as the increased height and volume 
of the space was the reason that the space looked larger. 
Two of the respondents felt that the use of the clearstory 
allowed the entry of noise. One of the respondents felt that 
this was particularly significant on summer nights when these
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had to be left open to ventilate the space. It is 
interesting to note that both of the respondents, who 
commented on the noise,had their houses in the city.

Spatial
Nine of the respondents remarked that because 

of the clearstory they had to change the furniture layout of 
the space as the light faded the furniture or ruined the wood 
surface. ( Clearstories are used in conjunction with thermal 
mass to permit direct gain ). For this purpose, certain 
areas have to be left bare so that the radiation strikes the 
surface. This therefore dictates the furniture layout of the 
space. Some of the respondents felt that they tended to 
change the layout of the space seasonally; they felt little 
restriction in the organization of the interior space during 
the summer, when the sun did not penetrate the space.

Work
Work in relation to clearstory was the most 

significant behavior in this category. Seven of the 
respondents remarked about the fading of furniture; this 
dictated that they either cover the furniture or change the 
layout of the space to keep the furniture away from the 
direct sun. Nineteen of the respondents commented oh the 
opening and closing of the vents on a regular basis. One of 
the respondent said that they had to be very careful because 
the house tended to overheat in the summer.
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TABLE - 7
SUMMARY OF R E S P O N S E S  TO C L E A R S T O R Y  AND HIGH O P E N A B L E  W I N D O W

The number of houses that has this feature was 23. 
feature is used to admit light and radiation which 
thermal mass, which absorbs the heat and transmitts 
later period.

This 
strike 
it at a

BEHAVIOUR RESPONSE NUMBER
PSYCHOLOGICAL

There is a feeling of spaciouness 
because of this feature.

9

The noise level within the house 
seems to be higher.

2

SPATIAL
The furniture layout is restricted 9 
within the space.

WORK
There is increased fading of 
upholstery and furniture.

7

Additional time is spent in 
opening and closing these 
windows.

19
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FIRE PLACE / STOVES
(refer table - 8)

Twenty four of the respondents had this 
feature, of which seven were stoves. The responses to this 
feature were :

Psychological
Eleven of the seventeen respondents, who had 

fire places, mentioned that it was nice and lively to sit in 
front of the fire and watch it, and this was the reason to 
sit around it more often.

Spatial

Nine of the seventeen respondents who had fire 
places in their houses said that most activity tended to 
revolve around it. It was also noted that three of the 
respondents, who had stoves, had placed furniture in front of 
them during the summer, cutting it out of the main space.

Social
Seven of the respondents said that the fire 

place was the heart of social interaction; four were not
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happy with the efficiency of their fireplace. The people who 
had stoves did not mention anything regarding this feature; 
when they were questioned regarding this they they said that 
even though the stoves were extremely functional and
efficient they did not sit around them. It is also
interesting that the fire place was used regularly, while 
the stove was only used when absolutly essential.

Work
Twelve, of the respondents who had fireplaces 

said that they needed to tend the fire, and it was a constant 
effort. One of the respondents mentioned that he woke up 
early so as to get the fire going, to be able to keep the 
house warm during the day.

Physiological
Eleven of the respondents remarked that the 

warmth of the stove was comforting and they sat around it 
most of the time.
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TABLE - 8 S U M M A R Y  OF THE RESPO N S E S  TO F I R E P L A C E  OR  STOVE

The number of houses that had this feature was 17. Out of 
this 7 of the respondents had stoves and non of the respondents with stoves had any responses.

BEHAVIOUR RESPONSE NUMBER
PSYCHOLOGICAL

The fire looks lively and it 
is a source of warmth and is 
interesting to watch.

11

SPATIAL
Most of the family activities 
revolve around it, when in use.

9

SOCIAL
Becomes the heart of interaction. 7

WORK
Require effort to keep it going. 12
Have to wake up early to start 
the fire to maintain the indoor 
\temprature.

1

PSYCBIOLOGICAL
Is warm and provides thermal 
comfort.

11
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NATURAL LIGHT
(refer table - 9)

All of the houses that were studied used 
natural lighting as a strategy for passive energy 
conservation. It was used in many varied and interesting 
forms. On performing the chi-square on the responses they 
were found significant on the 0.05 level. The various 
responses are described below.

Psychological
Six of the respondents commented that natural 

lighting within the house gave a feeling of openess and 
brightness, which also made the space look larger. Six of 
the respondents felt that natural lighting was stimulating.

Sp atia1
Nine of the respondents remarked that they used 

the areas which were better lit to work most of the time and 
very seldom used artifical lighting inside during the 
morning. One of the respondents remarked that natural 
lighting, within the space, restricted the interior layout 
and wall decorations as they tended to fade with excessive 
light.
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Social
It was interesting to note that two of the 

respondents, who lived in earth sheltered houses, commented 
that the interiors were well lit and they did not use the 
outside spaces because of this. Nine of the respondents said 
that they used well lit areas more to socialize and had also 
marked this on the plans.

Work
Two of the respondents remarked that daylight 

was the cause of excessive fading of tapestry within the 
space and this involved additional work. Five of the 
respondents remarked on the effect of light on the plants 
inside and said that it was the reason for their increased 
use of plants inside the house.

Physiological
It was interesting to note that one of the 

respondents found daylight irritable to the eyes initially 
when they had shifted to this well lit house as compared to 
the others in which she had lived before. She also mentioned 
having used of dark glasses to avoid irritation.

63



TABLE - 9 S U M M A R Y  OF R E S P O N S E S  TO NA T U R A L  L I G H T I N G

The number of features that had this feature were 25.

BEHAVIOUR RESPONSE NUMBER
PSYCHOLOGICAL

There is a feeling of spaciousness 
in the house because of this feature.

6

The brightness is stimulating. 6

SPATIAL
Tend to work in areas which are 
better lit.

9

Restricts interior furniture layout 
and wall decorations.

1

SOCIAL
Use well lit areas more often 9
Do not use out side spaces as the 
interior is well lit and more 
comfortable.

2

WORK
There is excessive fading within 
the space.

2

Plants grow better, so have started 
growing more plants.

5

.

PHYSIOLOGICAL
The brightness is irritable to the 
eyes initially.

1



TROMBE WALL / ROCK BED / COOL PIPE '
(refer table - 10)

Five of the houses that were studied had used 
these strategies for thermal comfort. Two had trombe walls, 
two had used rock beds for storage and one had cool pipes.

Psychological
Both of the respondents, who had rock beds, 

felt that these were very complicated systems to operate. 
Also, both of the respondents who had trombe walls said that 
these were very mysterious elements and they were often 
questioned by people who visited their houses.

Spatial
It was interesting to note that one of the 

respondents with a trombe wall had placed their beds next to 
the wall and mentioned that they had done this because the 
wall was much warmer and it felt comfortable to lean against 
it and sit near it.

Work
Both of the respondents who had rock beds in 

their houses remarked that there was a lot or work involved 
in operating these systems with regard to opening and closing
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the vents and this was one of the reasons why they did not 
use the system often.
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TAB L E  - 10
S U MMARY OF R E S P O N S E S  TO TROM B E  WALL / ROCK BED / C O O L  PIPE

The number of houses with the above features were 5. 
distribution of. the features were as follows Trombe wall 2

Coolpipe 1
Rock bed 2

The

BEHAVIOUR RESPONSE NUMBER
PSYCHOLOGICAL

The operation of these features 
is complicated.

2

There is a sense, of mystry to 
the Trombe wall feature.

2

SPATIAL
Place furniture next to the wall 
as it feels cool or warm.

2

WORK
The rock bed requires work to 
operate it.

2
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EARTH SHELTERED
(refer table - 11)

Five of the houses that were studied were earth 
sheltered, either totally under ground or partly earth 
termed. Four of these were located in the city and one was 
on a farm, which was built to save energy because of the 
increased cost of electricity in far away areas.

Psychological
Two of the respondents remarked feeling a sense 

of security in these houses and three remarked about the 
additional privacy that one experienced in these houses. All 
the respondents said that they had built the house for these 
specific purposes.

Spatial
Two of the respondents said that these houses 

were difficult to find and often visitors were frustrated 
while trying to locate them. One of the respondents, who 
lived in a dome shaped earth sheltered house, remarked about 
the odd shaped rooms. It is interesting to note that these 
house plans are being sold by a builder and many people are 
building such houses.
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Social
Three of the respondents said that as these 

houses had an introvert character, they encouraged family 
interaction; in a way cutting out the outside world.

Work
All of the five respondents had plants or grass 

grown on the berms which required additional work as compared 
to conventional houses and it was important to have this so 
that the soil would not erode

Comments
The respondents commented that the people 

visiting often expected dark spaces and were often surprised. 
Many neighbors and people passing were very curious and often 
peeped into the house to satisfy their curiosity.
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TABLE - 11 S U M M A R Y  OF R E S P O N S E S  TO EARTH S H E L T E R E D

The number of 
or were partly

houses that were either totally earth 
termed were 5. sheltered

BEHAVIOUR RESPONSE NUMBER
PSYCHOLOGICAL

There is a feeling of security 
living in earth sheltered houses.

2

There is an additional sense of 
privicy.

3

SPATIAL
It is difficult to find the house 2
The dome earth sheltered concept 
being sold, has odd shaped rooms.

1

SOCIAL
These houses are family oriented 
and introvert.

3

WORK
Have to maintain berms by planting 
on them.

5
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OPEN PLAN
(refer table - 12)

An open plan is important in passive houses so 
as to be able to allow the circulation of heated air within 
the house and the ventilation when required. Open planning 
could mean large spaces on the same level, divided by the use 
of furniture or split levels with double heights for the flow 
of air between the two levels. All of the houses had open 
plans and the spaces had been very effectively used. On 
performing the chi-square analysis on these responses the 
significance level was 0.005.

Psychological
One of the respondents said that having an open 

plan required the use of heavier furniture within the space. 
She felt that as the furniture was not placed against a wall 
it needed to be heavier for people to lean against. Seven of 
the respondents remarked about the feeling of openess that 
was achieved by using an open plan, by eliminating walls and 
having double heights in spaces. Four of the respondents 
said that the noise level increased with an open plan and 
five of the respondents remarked on the decreased privacy of 
the spaces within the house.
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Spatial
Thirteen of the respondents either commented or 

marked on the plan the increased use of certain areas within 
the space. Three remarked on the restriction of the use of 
certain kind of furniture and three said that the open plan 
restricts furniture layout inside the space and often one 
tended to not use a part of the space.

Social
Three of the respondents remarked that as the 

interior spaces were so open that they tended to entertain 
more within the space. Fourteen of the respondents said that 
they were more aware of the families' activities and this 
helped foster a closer interaction within the family and a 
closer understanding of one another.
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TABLE - 12 S U M M A R Y  OF R E S P O N S E  TO OPEN PLAN

The number of houses of the sample that had this feature was 
23. Houses either had large spaces on one floor or had double height spaces connected the various levels.

BEHAVIOUR RESPONSE NUMBER
PSYCHOLOGICAL

Because the space 
furniture has to 1

is huge, heavier 
De used.

1

There is a tremendous feeling of 
openess.

7

There is too much 
house.

noise in the 4

There is lesser privicy in the 
house.

5

SPATIAL
Certain areas are used more. 13
The furniture lay 
restricted within

out
the house.

3

Different type of 
to be used.

furniture has 3

SOCIAL
Entertain more as the space is 
large and convienient.

5

Are more aware of each others 
and the family activities.

14
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The number of houses that had water collection systems were 5 All 5 had rain water collection system and 2 of these had gray water collection too.

TABLE - 13
SU M M A R Y  OF R E S P O N S E S  TO G R A Y  / R A I N  W A T E R  C O L L E C T I O N

BEHAVIOUR RESPONSES NUMBER
PSYCHOLOGICAL

There is an immense feeling of 
satisfaction having this feature 
in the house.

2

One is constantly aware of the 
weather and nature.

3

WORK
Time is spent collecting and 
working the system.

2

One starts working in the garden 
more, having the system and the 
additional water.

5
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THERMAL COMFORT

Six of the respondents said that they felt 
healthier living in a passive solar house and eight remarked 
on the sense of satisfaction that they experienced living in 
these houses. Fifteen of the respondents plotted out the 
movement pattern within the house in relation to the season 
and time of the day and the use of the spaces according to 
the thermal comfort of the space. Five of the respondents 
said they made it a point to use the thermally comfortable 
areas more.

Four of the respondents said that they had 
started spending more time at home as the house was very 
comfortable and satisfying. Eighteen of the respondents said 
that they wore additional clothing to keep themselves warm in 
the winter and used less clothes in the summer as the house 
was warmer than conventional houses. Two of the respondents 
also mentioned that they did not feel as dry in this house as 
they felt in a conventional house.
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CHAPTER FOUR

The second questionnaire (Appendix - B) was 
formulated after reviewing the results of the first 
questionnaire. Upon analysis of.the first questionnaire, 
some interesting results were derived and a need was felt to 
test these further and statistically analyse them. As the 
first questionnaire was an open ended one, there were too 
many variables; hence it was not possible to conduct an in- 
depth analysis'. Therefore the second questionnaire was 
designed as close-ended one with very specific questions 
regarding the passive features and responses of the people.

The most common features that occured in 
the houses, derived from the first questionnaire, were 
listed and questions relating to these features were 
formulated. Every passive feature was defined so that each 
respondent limited the feature to that definition and'
answered the questions accordingly. The first set of
questions about each feature dealt with the physical aspects. 
This was important to be able to understand the frequency of 
occurance of the feature in various forms. A rating scale of 
1-10 for each feature was incorporated, which was primarily 
used to determine what the respondents felt the importance of
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the feature was in rel a t i o n  to the rest of the p a s s i v e

features.

A second set of questions for each feature 
dealt with the behavioural aspect of the feature, which were 
derived from the first questionnaire. Looking at the 
responses of the first questionnaire, ones that occured most 
frequently were incorporated. Two columns were made for each 
response - expected and experienced. This was felt to be 
important as it would provide insight into the understanding 
of each feature by the respondent and on the expectation of 
passive houses in general. It was felt that it would be 
interesting to know what the respondents expected of certain 
features, even though they did not have them in their houses; 
keeping this in mind, the respondents were required to check 
out their 'expected1 responses from the list, even if they 
did not have the features. This elicited a disappointing 
response and only one respondent, an architect, answered. 
Therfore, this aspect was eliminated from the analysis.
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ANALYSIS AND RESULT

Due to the limitation in time, the houses 
selected for this questionnaire were located in and around 
Tucson. Here again, a problem arose in locating the houses 
and as there was a limited number of passive houses, it was 
decided that the questionnaire would be conducted on both the 
husband and wife living in a passive house, if they were 
willing to do so. Houses were located and two of the houses 
which had been used for the first questionnaire were also 
included. A total of 22 questionnaires were answered, but 
three of the respondents had to be dropped from the study, 
due to certain discrepancies.

An interesting point can be made here regarding 
the response time. The questionnaire was personally 
administered on each respondent, to ensure that all aspects 
of the study could be explained and any doubts regarding the 
questionnaire could be cleared. The respondents were asked 
to mail the questionnaires after completion. All the 
questionnaires were recieved within one week of having been 
delivered.

Table 14 lists the passive features which were
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dealt with in the questionnaire, the number of respondents 
who had these features and the rating average for each 
feature, which was arrived at by taking an average of the 
score that each respondent had marked on the 1-10 importance 
rating scale for each feature, 10 being the highest score and 
1 the least.

TABLE - 14 OCCURANCE OF PASSIVE FEATURES AND THE RATING 
AVERAGE.

PASSIVE
FEATURE

NUMBER OF 
HOUSES

RATING
AVERAGE

1. THERMAL MASS 16 8.9
i2. SUNSPACE 14 9.3
3. SHADING DEVICES 16 7.7
4. FIREPLACE/STOVE 18 6.2
5. CLEARSTORY 16 6.6
6. NATURAL LIGHTING 19 8.2
7. T.W/R.B/C.P
8. EARTHSHELTERED. 2
9. GRAY/RAIN WATER COLLECTION 5
10. OPEN PLAN 15 7.5
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It is interesting to note that the Sunspace was 
considered the most important 1 passive feature, followed by 
Thermal Mass and Natural Lighting. It is worth mentioning 
here the reason for a poor average for the Fireplace / 
Stove; respondents who had stoves, rated this feature very 
high, the average rating being 8.5, where 10 is highest on 
the 1 -10 scale. The average, however, for the fireplaces 
was only 4.3; the reasons attributed to this low rating of 
the fireplace was the inefficient design of the fireplace, 
the time it takes to heat the space and the fact that it 
needed constant tending. As none of respondents had Trombe 
walls. Rock Beds or Cool Pipes and only two had a partly 
Earth Bermed house, it was decided to exclude these features 
from the final analysis.

OVERALL THERMAL COMFORT

The expected and experienced responses for 
thermal comfort were rated by giving a 0-1 score for each 
response by the respondent in the two columnes, of expected 
and experienced. Table 15 lists the scoring for each house 
and the overall rating for thermal comfort as given by each 
respondent.
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TABLE 15 S C O R I N G  BY EACH R E S P O N D E N T  FOR THE E X P E C T E D  AND

EXPERIENCED FOR THERMAL COMFORT AND THE RATING ON THE 1 -10 
SCALE.

RESPONDENT EXPECTED EXPERIENCED RATING

1. 0 3 8
2. 3 3 6
3. 3 3 10
4. 0 6 9
5. 1 5 8
6. 4 4 10
7. 0 3 8
8. 0 5 10
9. 0 5 10
10. 0 8 8
11. 0 7 8
12. 1 3 10
13. 0 4 10
14. 7 7 10
15. . 2 6 9
16. 5 6 10
17. 0 6 4

00 1—1 5 5 8
19. 5 7 10
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The expected to experienced ratio was 1 : 3 and the 
average scoring for the overall thermal comfort was 8.7, 
computed from the 1-10 rating scale; 1 being the lowest and 
10 being the highest score (TABLE 17)

TABLE 17 - RATING SCORE FOR THERMAL COMFORT

RATING NUMBER OF RESPONDENTS

10 9
9 2
8 6
7 0
6 1
5 0
4 1

A large number of the respondents, while moving 
around the house, experienced using spaces that , were 
thermally comfortable, more often; spending more time at home
because of the thermal comfort. dressing according to the
thermal comfort than they had expected. All of the 19
respondents were very satisfied living in a passive house 
though only 7 had expected to be. The over all experience of



living in a passive house was much beyond the expectation and 
people were satisfied.

The same 0-1 scoring method was used for the 
expected and the experience of each feature. The ratio for 
expected to experienced was 1 : 2 with about half the 
respondents having a accurate expectation of the house and 
the passive features.

TABLE 18 - SCORING FOR EXPECTED AND EXPERIENCED FOR EACH 
FEATURE.

FEATURE EXPECTED EXPERIENCE RATIO

Thermal mass 4 4 61 1:1.4
Sunspace 48 80 1:1.7
Shading 22 56 1:2.5
Fireplace 25 42 1:1.7
Clearstory 26 50 1:1.9
Natural Lighting 3 8 91 1:2.4
Open plan 34 66 1:1.9
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It is interesting to note that even though it 
was observed that the accuracy of expectation for a fireplace 
was the second highest yet the feature had an average rating 
of 6.2 which was the lowest in relation to the other 
features.

The data gathered in this questionnaire 
reinforced the findings' of the responses of the first 
questionnaire. For an overview of the numbers of the 
responses in this questionaire, refer to Appendix - C.



THERMAL MASS RESPONSES

IN A DIRECT GAIN SYSTEM, 
THERMAL MASS, WHEN 
PROVIDED IN THE FLOOR, HAS TO BE EXPOSED FOR 
HEAT GAIN.

As seen in this house, for 
effective use of thermal 
mass the floor has been 
left bare and thus feels 
bare and cold.

In this house, to avoid 
the bare and cold feeling 
of an exposed floor, it 
has been carpeted and 
furniture placed over the 
thermal mass.



LIMITED AREA- FOR
P LACING  FU R N ITU R E

THERMAL MASS AREA TO BE LEFT
o p e n  f o r  D ir e c t  h e a t  g a in

SUNSPACE

LIVING

w-y

DINING
DECK

REFER PLAN-8 APPENDIX D

If the thermal mass area 
in the floor were to be 
left exposed,for direct 
gain, the area left for 
placing furniture 
would be limited.
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SECTIO N SHOW ING THERM A L M ASS IN  W ALL

IN A DIRECT GAIN SYSTEM, 
THERMAL MASS, WHEN PROVIDED IN THE WALLS, 
HAS TO BE EXPOSED FOR 
HEAT GAIN.

REFER PLAN 14 APPENDIX D
N -W  V IE W  OF L IV IN G  ROOM

As seen in this house, for 
effective use of thermal 
mass the wall has been 
left bare.
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D IN IN G

FIREPLACE,
SKYLIGHT

LOBBY

LIVING
"" THERMAL M ASS W ALL  

FOR D IR ECT G AIN

SECTlON SHOWING FURNITURE  
O BSTRUC TING  THERMAL MASS

As seen in the plan and 
the photograph, the furniture is placed 
against the wall, as this 
seems to be the only 
logical layout. This 
renders part of the 
thermal mass ineffective.
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DARK COLOURS IMPROVE HEAT 
ABSORPTION IN THERMAL MASS AND CAN BE USED IN THE 
WALLS AND FLOORS.

REFER PLAN 4 APPENDIX D
N W ALL V IEW  LI V ING  ROOM

The dark colours of the 
walls make the room, as 
can be seen in the photograph, look small and 
dark .

REFER PLAN 11 APPENDIX D

The thermal mass is in the 
tiled floor, as seen in 
this photograph. Dust 
shows against the dark surface of the floor.
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THERMAL MASS GUIDELINES

When Thermal Mass is used in an Indirect Gain 
System, PROVIDE IT IN LOW 
WALLS IN THE INTERIOR INSTEAD OF IN FLOORS, SO 
that the floor may be 
carpeted and the furniture 
arrangement is not 
restricted.

PROVIDE SMALL AREAS OF 
THERMAL MASS IN THE FLOOR 
WHERE IT DOES NOT OBSTRUCT 
THE FURNITURE LAYOUT. This 
small area of the mass 
would not make the floor 
seem bare and cold.
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WALLS, WHERE THERMAL MASS 
IS PROVIDED, SHOULD BE 
DESIGNED SO THAT THEY DO 
NOT LOOK BARE AND BLANK.
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In Direct Gain Systems 
PROVIDE THERMAL MASS IN CIRCULATION AREAS AND 
AREAS LIKE KITCHENS, where 
a carpeted floor is not 
required and not much 
furniture is used.

CENTRALLY LOCATED AND
U N IFO R M  HEAT D IS T R IB U T IO N

THERM AL M ASS IN  
W A LLS AND FLOOR

REFER P L A N -6  APPENDIX D

Where possible provide the 
THERMAL MASS IN CENTRALLY 
LOCATED AREAS for thermal 
efficiency of the house.
In this example, thermal 
mass has been used efficiently in this 
central circulation area; a clearstory has been used 
to heat the thermal mass 
in the wall and floor.
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SUNSPACE RESPONSES

A Sun Space feels open 
because of the expanse of 
glazing; provides an 
excellent controlled 
environment for the growth 
of plants.

VIEW  LOOKING S -W

T IM E

W INTER ALL DAY 
SUM M ER EVENING S

A C T IV IT IE S

EATING
LO U NG IN G
W ORKING
PLA Y IN G

REFER PLAN 12 APPENDIX D

A Sun Space also becomes 
the center of activity due 
to the thermal comfort. It 
is used seasonally.



For the efficient 
functioning of a Sun Space it is important that the 
vents and the shading are 
operated as required.



SUNSPACE GUIDELINES

V I E W

A C T IV IL Y  USED SU N S P A C E

S U N S P A C E  USED O NLY  
FOR HEAT C O L LE C TIO N  
AND D IS T R IB U T IO N

THE ORIENTATION OF A SUN 
SPACE IS OF PRIME IMPORTANCE . OFTEN PEOPLE 
PREFER A VIEW FROM THEIR 
AREAS OF ACTIVITY; THUS 
THE USAGE OF A SUN SPACE 
WILL DEPEND UPON THE VIEW.

THE IMPORTANCE OF THE 
LOCATION OF A SUN SPACE IN 
THE HOUSE WOULD DEPEND ON 
THE TYPE OF THE FAMILY AND 
THE AMOUNT OF TIME THEY 
SPEND AT HOME.
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FIREPLACE/STOVE RESPONSES

REFER P L A N -13 APPENDIX D
S - W  V IEW  OF L IV IN G  ROOM

A fireplace tends to 
become a central feature, 
in a passive solar house, 
when in use. As can be 
seen in the photograph, it 
has gained equal status to 
the television.

LO C A TIO N  OF F IR E P LA C E  
A F F E C T S  THE FR EQ U EN C Y OF USE

DINING

LOBBY

REFER PLAN—2 APPENDIX D

When a fireplace is 
not located in a central 
area, it tends to be 
neglected and often back 
up heat is used instead.
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c l u s t e r in g  o f  
FU R N ITU R E AR O U ND  
FIR EPLA CEUNDER USED SPACES

mm
ROOM

DINING

P L A N -7  L IV IN G  ROOM

REFER P LA N -7 APPENDIX D
K  V IEW  .L IV IN G  -ROOM

As a fireplace becomes the 
dominant factor in a room, 
the furniture is placed 
around it; this often results in the other 
spaces not being used.
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REFER P LA N -6 APPENDIX D
VIE W  LOOKING EAST FROM  L IV IN G  ROOM

A stove is not considered 
as important as a 
fireplace and is only used 
for heating. This is 
evident from the 
photograph showing the 
furniture placed in front of it.

A fireplace requires 
constant attention; is 
often inefficient and 
takes time to heat the 
space.
People often use a stove 
or back-up heating 
systems. As shown here, a 
stove has been added to 
provide adequate heating.

REFER PLAN-8 APPENDIX D
VIE W  LO O KING  W E S T FRO M  CO RRIDOR

98



FI REPLACE/STOVE GUIDELINES

FOR EFFECTIVE USE OF 
FIREPLACES, THEY SHOULD BE 
PROVIDED IN MOST USED 
AREAS - LOUNGE, FAMILY ' 
ROOMS. THESE SPACES 
SHOULD ALSO BE CENTRALLY 
LOCATED FOR EFFICIENT HEAT DISTRIBUTION.

AS A FIREPLACE REQUIRES 
CONSTANT TENDING AND TAKES 
TIME TO HEAT THE SPACE, IT SHOULD NOT BE PROVIDED FOR 
A FAMILY THAT DOES NOT 
SPEND MUCH TIME AT HOME - 
THEY TEND TO USE BACK-UP 
HEAT.
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AS SEATING AND OTHER 
ACTIVITY REVOLVES AROUND 
THE FIREPLACE, SOME AREAS 
ARE NOT USED. DESIGN ROOM 
LAYOUTS SO THAT LEAST 
SPACE IS WASTED.

A STOVE SHOULD BE LOCATED 
IN A CENTRAL AREA FOR 
PROPER HEAT DISTRIBUTION. 
UNLIKE A FIREPLACE, THIS 
FEATURE DOES NOT TEND TO 
BE A FOCAL POINT AND MAY 
BE IN AN UNOBTRUSIVE 
SPOT.



OPEN PLAN RESPONSES

NO V ISUAL O B S TR U C TIO N ’
R ESU LTIN G  IN  REDUCED 
PRIVACY

REFER PLAN 6 APPENDIX D

In this Open Plan, there 
is a lack of privacy 
because of the 
organisation of space.

*

REFER PLAN-14 APPENDIX D

Noise may be a source of 
irritation in an Open Plan. Often the principle 
is used to such an extent, 
that even the private areas are 'not partitioned 
off but just seperated by 
a level difference, which 
enhances the noise 
problem.
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In this plan activity from 
the Lounge and the Living 
Room shifts to the Sun 
Space as it is the most 
comfortable, bright and 
open area, thus leaving 
the other areas under 
used.
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OPEN PLAN GUIDELINES

/

ELONGATED SPACES SEEM LONG 
AND NARROW - DIVIDE MAIN 
AREAS INTO LEVELS TO 
PROVIDE RELIEF.

PROVIDE VISUAL BARRIERS 
IN AREAS WHERE PRIVACY IS 
REQUIRED.
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AS PEOPLE LIKE THE VISUAL 
DRAMA AND CONNECTION IN AN 
OPEN PLAN, DO NOT SUB
DIVIDE THE SPACES TO LOOSE THIS FEELING.

TO DECREASE THE 
INFILTRATION OF NOISE, 
PROVIDE WALLS, IN PRIVATE 
AREAS, WITH SMALL OPENINGS 
BETWEEN THE CEILING AND 
WALL, FOR AIR CIRCULATION.



INTEGRATING THE LOUNGE, 
FAMILY AREA AND THE LIVING 
ROOM WOULD RENDER BETTER 
SPACE USAGE.



SHADING RESPONSES

HOUSE IN TUCSON

Internal shading devices, 
such as shown, often restrict the view while 
providing shade.

B6

External shading devices 
such as Ramadas, as shown 
here, make the outside 
areas usable seasonally.

REFER PLAN-14 APPENDIX D



Use of color and different 
external shading devices 
are liked by people.

HOUSE IN SANTA FE

Shading devices require :
a. Daily monitoring - open 

and close blinds
b. Seasonal monitoring - 

placing external 
devices.

Maintenance due to 
weathering - both external 
and internal.
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SHADING GUIDELINES

USE EXTERNAL SHADING 
DEVICES OVER OUTSIDE 
ACTIVELY USED AREAS DURING 
THE SUMMER MONTHS - APART FROM SHADING, THEY PROVIDE 
PSYCHOLOGICAL COMFORT.

PROVIDE PERMANENT OR 
TEMPORARY SHADING DEVICES 
ACCORDING TO THE TYPE OF 
FAMILY. FOR A BUSY FAMILY 
PROVIDE AUTOMATIC SHADING 
CONTROL SYSTEMS.
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WHERE INTERNAL SHADING 
DEVICES OBSTRUCT VIEW, 
PROVIDE SHADING BY 
EXTERNAL OVERHANGS OR 
VERANDAS.

AS PEOPLE PREFER USING 
OUTSIDE SHADED AREAS, 
INCORPORATE RAMADAS, 
VERANDAS INTO THE DESIGN.
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CLEARSTORY RESPONSES

Clearstories admit outside 
noise when vents are 
opened for air 
circulation.

REFER PLAN—3 APPENDIX D
VIEW  LOOKING EAST IN  BEDROOM

Fading of the furniture 
and furnishings occurs due 
to direct light from the 
clear story. This 
restricts the layout of 
furniture.
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CLEARSTORY GUIDELINES

IN URBAN AREAS DO NOT 
PROVIDE VENTS IN CLEAR 
STOREYS TO AVOID THE 
INFILTRATION OF NOISE.

USE THIS FEATURE AS IT 
ADDITIONALLY IMPARTS A 
FEELING OF OPENESS WHERE 
IT IS PROVIDED.
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I thank you for your time for completing the questionnaire. If you require extra space please feel free to write on the back of the paper or attach another sheet.

1. NAME
2. OCCUPATION 3. AGE
4. HOW MANY YEARS HAVE YOU LIVED IN THE HOUSE?
5. DID YOU DESIGN THE HOUSE?
6. DID YOU BUILD THE HOUSE?
7. WHY DID YOY SELECT THIS LOCATION?

8. WHAT ARE YOUR REASONS FOR BUILDING A PASSIVE SOLAR 
HOUSE?

9. DID YOU HAVE AN IMAGE OF THE HOUSE IN YOUR MIND BEFORE 
IT WAS DESIGNED?

10. HAS IT LIVED UP TO THAT IMAGE? IF NOT, HOW?

'll. DID YOU EXPECT A CHANGE IN YOUR LIFESTYLE BECAUSE OF THE 
HOUSE? IF YES, WHAT?

12. HAVE YOU CHANGED YOUR LIFESTYLE SINCE MOVING INTO THE 
HOUSE? PLEASE EXPLAIN.
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13.

14.

15.

16.

17.

18.

19.

20.

HAVE YOU HAD ANY SPECIFIC REACTIONS ABOUT THE HOUSE FROM 
YOUR RELATIVES VISITING YOU? PLEASE EXPLAIN.

HAVE YOU HAD ANY SPECIFIC REACTIONS FROM YOUR FRIENDS VISITING YOU? PLEASE EXPLAIN.

HAVE YOU UNDERGONE ANY PERSONAL CHANGES IN YOUR VALUES 
IN THE RECENT PAST? HAS IT ANYTHING TO DO WITH THE 
HOUSE? PLEASE EXPLAIN.

DO YOU THINK THE SOLAR FEATURES OF THE HOUSE HAVE 
CHANGED YOUR LIFESTYLE? EXPLAIN HOW.

ON THE ATTACHED PLAN SKETCH OUT THE ARRANGEMENT OF 
FURNITURE THAT YOU WOULD LIKE IN THE HOUSE.

IF THEIR IS A CHANGE IN THE ARRANGEMENT IS THERE ANY 
SPECIFIC REASON FOR IT? EXPLAIN.

HAS THE DESIGN OF THE HOUSE HAD AN IMPACT ON YOU THAT 
YOU HAD NOT ANTICIPATED? EXPLAIN.

HAVE THE SOLAR FEATURES OF THE HOUSE HAD AN IMPACT ON 
YOU THAT YOU HAD NOT ANTICIPATED? EXPLAIN.
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21. CHARACTERISE THE SIGNIFICANT FEATURES OF YOUR PREVIOUS HOUSE THAT YOU THINK WERE THE BEST.

22. HOW MUCH TIME DO YOU SPEND IN THE HOUSE?

23. WHAT TIME OF THE YEAR ARE YOU AWAY FROM THE HOUSE MOST?

24. USING ONE PLAN FOR EACH ACTIVITY, PLEASE MARK OUT THE 
AREA USED FOR THAT ACTIVITY AND MENTION THE AMOUNT OF TIME, THE TIME OF THE DAY AND THE TIME OF THE YEAR WHEN 
YOU USE THE SPACE FOR THAT ACTIVITY.

1. SLEEPING
2. EATING
3. RELAXING
4. WORKING
5. ENTERTAINING

25. HOW MUCH TIME DO YOU SPEND WORKING ON THE HOUSE? IS IT 
RELATIVELY MORE THAN WHAT YOU SPENT ON YOUR PREVIOUS 
HOUSE.

26. HAS THERE BEEN A CHANGE IN YOUR DRESSING STYLE WHILE YOU ARE IN THE HOUSE? EXPLAIN.

27. COMPARE YOUR PREVIOUS AND PRESENT HOUSE IN REGARDS WITH

1. DRAPES

2. LIGHTING
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3 VIEW

4. INTERIOR SPACES

5. THERMAL COMFORT

6. COLOUR - INTERIOR AND EXTERIOR

7. MATERIALS
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I appreciate your interest and help in this research project 
dealing with BEHAVIOURIAL RESPONSES TO THE PASSIVE SOLAR ENVIRONMENT. All the following questions should be completed, whether or not you have the feature in your house 
If you have the feature please check out both the coloumns 
ie. EXPERIENCED and EXPECTED, and if you do not have the 
feature just check out the EXPECTED coloumn. If you do not 
have information regarding a particular feature please go to 
the questions dealing with the next passive feature.

PLEASE CHECK THE PASSIVE FEATURES THAT YOU HAVE IN YOUR 
HOUSE.
1. Thermal mass.
2. Sunspace
3. Shading devices / Thermal blanket
4. Fireplace / Stove
5. Clearstory / High openable windows
6. Natural lighting
7. Trombe wall / Rock bed / Cool pipe
8. Earth sheltered
9. Gray / rain water collectors
10. Open plan
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THERMAL MASS ; The principle of thermal mass involves the 
absorbtion of heat and the reradiation of this heat at a 
later period to the interior, using certain materials on 
various surfaces. Eg. adobe walls, cement floor, trombe 
walls etc.

1. WHICH OF THE FOLLOWING FEATURES OF THERMAL MASS DO YOU HAVE IN YOUR HOUSE.
1. Mass wall

a. Adobe
b. Cement
c. Adobe or cement painted a dark colour

2. Cement floora. finished with tiles
b. exposed cement floor.

2. ON A SCALE OF 1 - 10 PLEASE MARK THE IMPORTANCE OF THERMAL 
MASS IN RELATION TO THE OTHER PASSIVE FEATURES, 10 BEING 
THE MOST IMPORTANT AND 1 BEING THE LEAST.
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3. FROM THE LIST BELOW CHECK OUT THE FEATURES THAT YOU 
EXPECTED OR EXPERIENCED IN THE HOUSE IN RELATION TO THERMAL MASS.

EXPECTED EXPERIENCED
[] [] 1. To me the bare floor has a coldappearance.
[] [] 2. The walls that have been left

bare to absorb heat look stark and massive to me.
[] [] 3. I feel the walls painted with

dark colours for additional heat 
absorbtion make the space look 
smaller.

{] [1 4. Because certain areas have to beleft open and uncovered, I feel 
it restricts the arrangement of 
furniture in the room.

[] [] 5. I have placed furniture next to
walls which are warm in the 
winters and cool in the summers.

[] [] 6. In my house social interaction
is restricted to certain areas 
because those areas are cooler 
or warmer because of the thermal 
mass feature.

[] [] 7. Dust shows up more on floor,
so I have to spend more time 
cleaning.

[] [3 8. I use throw rugs on the floor
seasonally.

[] [] 9. I cover or move the furniture
within the room seasonally 
because it tends to fade.

[] [] 10. My feet hurt initially whilegetting used to the hard floors.
I] U

n  [ ]

n []

11. I walk around barefoot in the 
summer as the floor is cool and 
feels nice.

12. I wear socks and shoes in the 
winter as the floor feels cold.

13. I have carpeted the floor in
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certain rooms for comfort.
[] [] 14. I have placed furniture orpaintings against a wall that 

looks too stark, even though I 
know that would reduce the efficiency of the house.

B 4



SUNSPACE/GREENHOUSE: A sunspace is a space into which directsunlight is admitted and the heat is collected and 
distributed to other spaces. These spaces could be either 
attached or detached to the house.

1. CHECK OUT THE TYPE OF SUNSPACE THAT YOU HAVE IN YOUR HOUSE.
1. Attached sunspace
2. Detached sunspace

2. THE SUN SPACE IN YOUR HOUSE IS USED
1. for purely heating the house2. as a family room
3. for growing plants
4. Other

3. THE SUN SPACE IS VENTILATED
1. Naturally2. by mechanical system
3. Other

4. ON A SCALE OF 1-10 PLEASE MARK THE IMPORTANCE OF SUNSPACE 
IN RELATION TO THE OTHER FEATURES LISTED ABOVE, 10 BEING 
THE MOST IMPORTANT AND 1 BEING THE LEAST.
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5. CHECK OUT THE FEATURES THAT YOU EXPECTED OR EXPERIENCED IN RELATION TO THE SUNSPACE.

EXPECTED EXPERIENCED
1.

[] [I[] H
[] N  2.

n  n 3.

N [] 4.

[] [] 5.

[] [] 6.

[] N 7.

[] [] 8.

[] [] 9.

The presence of the sunspace in 
the house makes me feel feel healthier and closer to nature 
because of
a. the brightly lit spaceb, more plants indoors
I use the sun space more 
than other areas in the house.
I use the sunspace at different time of the day in the summer and the winter 
according to the thermal 
comfort.
The sunspace becomes the most 
used space and most of my 
family's activities generally take place here.
I have to be particular about 
opening and closing the vents 
at different hours according to 
the season.
I open the vents only 
seasonally.
I have started growing more 
plants.
I put on shading seasonally so 
that the space may not get 
too hot.
I tend to dress differently in 
the sunspace because it is more 
thermally comfortable, which 
could mean I wear less clothing 
here as compared to the rest of 
the house.
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SHADING / THERMAL COVERING;
SHADING: Any device used to keep out the direct sun form aspace would be classified as a shading device. This would help keep the house cool.
THERMAL COVERING; This would include any device used to keep heat within the space. These could be either used daily or 
seasonally.

1. WHICH OF THE FOLLOWING DO YOU HAVE IN YOUR HOUSE.
1. Thermal covering
2. Shading

2. ARE THE SHADING DEVICES
1. Permenant
2. Temporary

3. IF TEMPORARY DO YOU USE THEM
1. Daily2. Seasonally
3. Both

4. WHAT KIND OF SHADING DEVICE DO YOU HAVE
1. interior - curtains, Venetian blinds etc.
2. Exterior - plants/ awanings, overhangs etc.

5. ON A SCALE OF 1 TO 10 MARK THE IMPORTANCE OF SHADING AND 
THERMAL COVERINGS AS COMPARED TO THE OTHER FEATURES 
LISTED ABOVE, 10 BEING THE MOST IMPORTANT AND 1 BEING THE 
LEAST.
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6 . FROM THE LIST BELOW CHECK OUT THE FEATURES THAT YOU
EXPECTED OR EXPERIENCED IN RELATION TO SHADING OR THERMAL 
COVERING.

EXPECTED EXPERIENCED
N N 1.

[] tl 2.

[] U 3.

[] [] 4.

[] [] 5.

[] N  6.

[] [] 7.

[] [] 8.

The shading devices restricts my view.
I have used pretty shades as the colour looks good and the 
overall effect is pleasing.
Using shades gives me the feeling of the space being cool.
I tends to use the shaded areas 
more.
Outdoor shaded areas become the 
centre of activity of my family.
I spend time putting the shades on seasonally.
I have to carefully monitor the 
opening and closing of the 
shading device.
I have to keep changing the 
shading devices as they deteriorate over the year.
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F I R E P L A C E  /_ S T O V E : These would only include fireplaces or
stoves in which wood is m a n u a l l y  b u r n t .

1. WHICH OF THE FOLLOWING DO YOU HAVE IN YOUR HOUSE.
1. fireplace2. stove
3. both

2. IF YOU HAVE BOTH WHICH DO YOU USE MOST
1. fireplace
2. stove

3. HOW OFTEN DO YOU TEND TO USE THE BACK UP HEAT IN THE WINTER INSTEAD OF THE FIREPLACE/STOVE.
1. once a month.2. twice a month.
3. once a week
4. twice a week
5. more than that.

4. DO YOU USE THE BACK UP HEAT BECAUSE
1. the fireplace/stove is not efficient
2. the fireplace takes time to heat the house3. the fire needs constant tending.

5. IN WHICH OF THE FOLLOWING ROOMS DO YOU HAVE A FIREPLACE
1. Living room/ dining room
2. Family room
3. Bed room
4. other

6. ON A SCALE OF 1 - 10 PLEASE MARK THE IMPORTANCE OF
FIREPLACE/STOVE IN RELATION TO THE OTHER FEATURES LISTED ABOVE, 10 BEING THE MOST IMPORTANT AND 1 BEING THE 
LEAST.

B 9



7. FROM THE LIST B E L O W  CHECK OUT THE FEATURES YOU EXPECTEDOR EXPERIENCED IN 
FIREPLACE/STOVE.

THE HOUSE IN RELATION TO

EXPECTED EXPERIENCED
N  [] 1. I enjoy sitting in front of the fireplace as the fire looks 

lively.
M  N 2. Most of my activity revolvesaround the fireplace when it is 

in use.
[] [] 3. As the family seems to be

around the fire place to keep 
warm, there is more interaction amongst us.

[■] N 4. I have to constantly tend the fire.
[] [] 5. I wake up early to get the fire started so as to get the house heated.
[] [] 6. I feel the fireplace/stove

restricts the furniture layout 
in the room.

t ] IJ 7. I tend to place furniture in 
front of the fireplace/stove 
when not in use.
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CLEARSTORIES AND HIGH OPENABLE WINDOWS; Clearstories are high windows, either at the top of the walls or in the roof, 
used to admit direct sunlight in the whole space or to direct sunlight to a spicific surface which absorbes the heat. High 
openable windows may also preform the same function as clearstories, and in addition to that are used for ventilation purposes.

1. CLEARSTORIES IN YOUR HOUSE ARE USED
1. for privicy
2. aesthetics
3. Avoid huge south glazings
4. The family areas of the house were located on the north with huge glazings as the view was on that 

side.
5. other reasons.

2. HOW OFTEN DO YOU OPEN AND CLOSE THE WINDOWS FOR 
VENTILATION
1. daily
2. seasonally

3. ON A SCALE OF 1-10 MARK THE IMPORTANCE OFCLEARSTORIES/HIGH WINDOWS IN RELATION TO THE OTHER 
STRATEGIES LISTED ABOVE, 10 BEING THE MOST IMPORTANT AND 
1 BEING THE LEAST.
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4. IN THE LIST BELOW CHECK OUT THE FEATURES THAT YOU
EXPECTED OR EXPERIENCED IN RELATION TO CLEARSTORY/HIGH OPENABLE WINDOWS.

EXPECTED EXPERIENCED
[] [ ] 1. I feel clearstories/high

openable windows make the room 
look larger.

[] [] 2. Clearstories/high openablewindows admits noise into my 
house.

[] t] 3. I enjoy watching the sky through
the clearstories/high openable 
windows.

[ ] [ ] 4. As the purpose of the
clearstories/high openable 
windows is to allow direct 
sunlight into the room so as to 
store heat, I feel it restricts 
the furniture arrangement in the 
room. ,

13 [] 5. Fabrics and furniture tend to
fading in my house because of 
the direct sunlight through the 
clearstories/high openable 
windows.

[] [] 6. I spend time opening and
closing the windows.

[] [] 7. I have to carefully monitor the
opening and closing of the 
clearstories/high windows.
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NATURAL LIGHTING: Natural light as a passive strategy isused to elimate the use of electric light with in the space. 
The interiorr spaces are well lit by using glazings to admit ample light.

1. NATURAL LIGHT IS ADMITTED INTO THE HOUSE BY USING
1. Windows2. skylights
3. clearstories
4. High openable windows.

2. ON A SCALE OF 1-10 RATE THE IMPORTANCE OF NATURAL LIGHT 
IN RELATION TO THE OTHER FEATURES LISTED ABOVE, 10 BEING 
THE MOST IMPORTANT AND I BEING THE LEAST IMPORTANT.
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3 FROM THE LIST BEL O W  CHECK OUT THE FEATURES THAT YOU
E X P E C T E D  OR E X P E R I E N C E D  IN R E L A T I O N  TO N A TURAL LIGHT.

EXPECTED EXPERIENCED

□  [] 1.

[] [] 2 .

[] N 3.

[] [] 4.

N  N 5.

[] [] 6.

[] □ 7.

N  U 8.

[] U 9.

Natural light makes my house look more open.
The brightness of the house is 
very stimulating.
I often work in areas which are better lit.
AS natural light, causes fading I feel restricted while 
arranging the furniture and 
putting up wall decoration.
My family activities tend to be 
concentrated in the better lit 
areas.
As the house is well lit I tend 
to use the outside areas less.
I feel that fading due to 
natural light is a major 
problem.
I have started growing more 
plants as they grow better in 
the'well lit house.
Initially getting used to the 
bright light in the house 
irritated my eyes.
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OPEN PLAN: An open plans means the elimination of walls andthe use of double heights to facilitate the flow of air to maintain comfort within the space.

1. ARE THE MAIN AREAS IN THE HOUSE
1. all one large space
2. seperated with low walls
3. double height spaces

2. ON A SCALE OF 1 TO 10 PLEASE MARK OUT THE IMPORTANCE OF OPEN PLAN IN RELATION TO THE STRATEGIES LISTED ABOVE, 10 
BEING THE MOST IMPORTANT AND 1 BEING THE LEAST.
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3 FROM THE LIST BE L O W  CHECK OUT THE FEATURES THAT YOU
E X P E C T E D  OR E X P E R I E N C E D  IN R E L A T I O N  TO OPEN PLAN.

EXPECTED EXPERIENCED
[] []

[] t J

[] []

[ j []

[] []

1. I had to use heavier furniture as there are fewer walls to lean 
the furniture against and 
lighter furniture was constantly 
shifting when people used it.

2. In my house, there is a tremendous feeling of openness 
because of the open planning.

3. I feel there is comparitivly more noise transimitted with in 
the house because of the open 
plan.

4. I feel there is lesser privicy 
within the house because of the 
open plan.

5. Because of the open plan my 
family uses certain areas more 
often.

[] [] 6. Because of the open plan of myhouse, the furniture layout is 
restricted to certain areas.

[] [] 1 . 1  have used different type offurniture in this house because 
of the open plan of the house.

[ ] [] 8. I entertain more as the space is
large and open and convenient 
for entertaining.

[] [] 9. My family is more aware of eachothers activities because of the 
open plan and the interconnected 
spaces.
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TROMBE WALL/ ROCKBED/ COOL PIPES: Trombe walls and rock beds
are heating'devices in which high mass materials are used to 
absorb heat and the heat is later distributed by passins air 
through. Cool pipes work on the same principle , but in this system the air is passed through a cooling medium.

1. WHICH OP THE FOLLOWING DO YOU HAVE IN YOUR HOUSE.
1. Trombe walls2. Rockbed3. Cool pipe.

2. HOW OFTEN DO YOU USE THE FEATURE IN A SEASON.
1. Everyday2. Twice a week
3. Once a week
4. Twice a month
5. Once a month
6. Never.

3. ON A SCALE OF I - 10 PLEASE MARK THE IMPORTANCE OF THE 
FEATURES IN RELATION TO THE OTHERS IN THE LIST ABOVE, 
10 BEING THE MOST IMPORTANT AND 1 BEING THE LEAST.

4. FROM THE LIST BELOW CHECK OUT THE FEATURES THAT YOU 
EXPECTED OR EXPERIENCED IN RELATION TO THE ABOVE 
FEATURES.

EXPECTED EXPERIENCED

[] U

[J []

[] []

[] []

. 1. I find cool pipes/rockbeds/trombe walls complicated to 
operate.

2. People are very curious when 
they see the trombe wall in my 
house.

3. I have placed furniture against 
the trombe wall because it feels 
warmer.

4. I have to put in continous work 
to open and close the vents from 
the rockbed.
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EARTHSHELTERED: Any building which has been bermed withearth partly or completely would be characterized as an earth sheltered structure.

1. ON A SCALE OF 1 - 10 MARK THE IMPORTANCE OF EARTHSHELTERED AS COMPARED TO THE OTHER FEATURES, 10 BEING 
THE MOST IMPORTANT AND 1 BEING THE LEAST.

2. FROM THE LIST BELOW CHECK THE FEATURES THAT YOU EXPERIENCED OR EXPECTED IN RELATION TO THE EARTH 
SHELTERED FEATURE.

EXPECTED EXPERIENCED

t] [] 1. I feel more secure because I
live in an earth sheltered 
house.

[] [] 2. There is more privicy in my
house because it is earth 
sheltered. .

[] [] 3. My house is difficult to find asit is earth bermed.
[] [] 4. I feel earth sheltered housesare family oriented.
t] [] 5. I have to plant and maintain the

berms constantly.
[] [] 6. People visiting my house expect

to find dark interiors.
[] n  7. People visiting my house do not

like the earth covered and 
sunken spaces.
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GRAY / RAIN WATER COLLECTORS: These would include systems tocollect rain water and gray water from the drains and reuse the water for gardening purposes.

1. WHAT TYPE OF WATER DO YOU COLLECT
1. Rain water
2. Gray water
3. Both

2. WHAT TYPE OF COLLECTION STSTEM DO YOU HAVE
1. very techniqual - designed with the house
2. an improvised system installed after the house was 

built.

3. ON A SCALE OF 1 - 10 MARK THE IMPORTANCE OF WATERCOLLECTION ON RELATION TO THE OTHER FEATURES LISTED, 10 
BEING THE MOST IMPORTANT AND 1 BEING THE LEAST.

4. FROM THE LIST BELOW CHECK OUT THE FEATURES THAT YOU 
EXPECTED OR EXPERIENCED IN THE HOUSE IN RELATION TO 
WATER COLLECTION AND CONSERVATION.

EXPECTED EXPERIENCED 
[] []

[] H

[] []

[] []

1. I feel satisfied because I 
conserve water.

2. I am very aware of the weather all the time so as to operate 
the system.

3. I have to spend time to operate 
the system.

4. I am more involved in gardening 
because of my water collection system
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THERMAL COMFORT:

1. ON A SCALE OF 1 - 10 PLEASE RATE THE THERMAL COMFORT OF 
YOUR HOUSE IN RELATION TO YOUR PREVIOUS HOUSES, 10 
BEING VERY COMFORTABLE AND 1 BEING LEAST COMFORTABLE.

2. FROM THE LIST BELOW CHECK OUT THE FEATURES THAT YOU
EXPECTED OR EXPERIENCED IN RELATION TO THERMAL COMFORT 
OF THE HOUSE.

EXPECTED EXPERIENCED
U [1

N N
[ ] N

[] []

N  []

[] N

[] []

1. I feel healthier because of the 
thermal conditions in the house.

2. I have a feeling of satisfaction 
living in a passive house.

3. I move around the house, using 
certain spaces at certain times 
to maintain thermal comfort.

4. I use thermally comfortable 
areas more often.

5 . 1  spend more time at homeas the house is comfortable.
6. I dress according to the interior temprature, using more 

clothes in the winter and fewer 
in the summer.

7. I do not feel as dry in the house as in a conventially 
heated house.

[ ] [] 8. I have to put in an effort to
maintain the comfort in the 
house.
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RESULTS OF THE SECOND QUESTIONNAIRE

PASSIVE FEATURE FREQUENCY OF
OCCURANCE

1. Thermal Mass 16
2. Sunspace 14
3. Shading Devices / Thermal Blanket 15
4. Fireplace / Stove 18
5. Clearstory / High Openable Windows 16
6. Natural Lighting 19
7. Trombe Wall / Rock Bed / Cool Pipe -
8. Earth Sheltered 5
9'. Gray / Rain Water Collectors 2
10. Open Plan 15
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THERMAL MASS

F E A T U R E FREQU E N C Y  OF OCCURANCE

1. Mass wall
a. Adobe 11
b. Cement 7
c. Adobe or cement painted a dark colour 1

2. Cement floor
a. finished with tiles 11
b. exposed cement floor. 6

RATING OF IMPORTANCE OF THERMAL MASS ON A 1 - 10 SCALE, 10 
BEING MOST IMPORTANT AND 1 BEING THE LEAST.

FREQUENCY OF
OCCURANCE 3 1 3 9

FREQUENCY OF RESPONSES FOR EXPECTATIONS AND EXPERIENCES FOR 
THERMAL MASS
EXPECTEDNumber EXPERIENCEDNumber
6 2 1. To me the bare floor has a cold 

appearance.
5 2 2. The walls that have been left 

bare to absorb heat look stark 
and massive to me.

5 1 3. I feel the walls painted with dark colours for additional hea 
absorbtion make the space look 
smaller.

2 4 4. Because certain areas have to b> 
left open and uncovered, I feel 
it restricts the arrangement of 
furniture in the room.

C 2



2 5

1 5

2 3

6 10

1 6

2 2

2 7

3 6

2 3

5 . 1  have placed furniture next to walls which are warm in the 
winters and cool in the summers.

6. In my house social interaction is restricted to certain areas 
because those areas are cooler 
or warmer because of the thermal mass feature.

7. Dust shows up more on floor, so I have to spend more time 
cleaning.

8. I use throw rugs on the floor 
seasonally.

9. I cover or move the furniture 
within the room seasonally 
because it tends to fade.

10. My feet hurt initially while 
getting used to the hard floors.

11. I walk around barefoot in the 
summer as the floor is cool and 
feels nice.

12. I wear socks and shoes in the 
winter as the floor feels cold.

13. I have carpeted the floor in 
certain rooms for comfort.

5 5 14. I have placed furniture or
paintings against a wall that 
looks too stark, even though I 
know that would reduce the 
efficiency of the house.
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SUNSPACE

F E A T U R E  FREQU E N C Y  OF OCCURANCE

14

USE OF THE SUNSPACE
1. for purely heating the house2. as a family room
3. for growing plants
4. Other

METHOD OF VENTILATION OF SUNSPACE
1. Naturally 132. by mechanical system 33. Other

313
10

1. Attached sunspace
2. Detached sunspace

RATING OF IMPORTANCE OF SUNSPACE ON A 1-10 SCALE, 10 BEING 
THE MOST IMPORTANT AND 1 BEING THE LEAST.

1--- 2--- 3----4----5--- -6--- 7----8----9--- 10
FREQUENCY OF
OCCURANCE 1 2  2 9

FREQUENCY OF RESPONSES FOR EXPECTATIONS AND EXPERIENCES FOR 
SUNSPACE
EXPECTED EXPERIENCED Number Number

1. The presence of the sunspace in 
the house makes me feelhealthier and closer to nature because of

4 11 a. the brightly lit space
5 8  b. more plants indoors
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22 4 2 . 1  use the sun space morethan other areas in the house.
6 14 3. I use the sunspaceat different time of the day in 

the summer and the winter 
according to the thermal 
comfort.

3 5 4. The sunspace becomes the most used space and most of my 
family's activities generally 
take place here.

6 7 5. I have to be particular about opening and closing the vents 
at different hours according to 
the season.

5 8 6. I open the vents only 
seasonally.

7 11 7. I have started growing more plants.
6 6 8. I put on shading seasonally so 

that the space may not get 
too hot.

4 7 9 . 1  tend to dress differently in 
the sunspace because it is more 
thermally comfortable, which 
could mean I wear less clothing 
here as compared to the rest of 
the house.
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SHADING / THERMAL COVERING

F E A T U R E FREQU E N C Y  OF OCCURANCE

1. Thermal covering
2. Shading

NATURE OF SHADING DEVICES
1. Permanent
2. Temporary

FREQUENCY USE OF TEMPORARY
1. Daily
2. Seasonally
3. Both

119

14
10

DEVICES
3

11
4

TYPE OF SHADING DEVICE
1. Interior - curtains, Venetian blinds 122. Exterior - plants, awanings, 12 

overhangs etc.

RATING OF IMPORTANCE OF SHADING/THERMAL COVERING ON A 1 - 10 
SCALE, 10 BEING MOST IMPORTANT AND 1 BEING THE LEAST.

FREQUENCY OF
OCCURANCE 1 2 2 3 4 1  6

C 6



FREQUENCY OF RESPONSES FOR EXPECTATIONS AND EXPERIENCES FOR SHADING/THERMAL COVERING.

EXPECTED EXPERIENCED Number Number
4 10 1. The shading devices restricts

my view.
2 7 2. I have used pretty shades as the

colour looks good and the 
overall effect is pleasing.

2 11 3. Using shades gives roe thefeeling of the space being cool.
2 6 4 . 1  tends to use the shaded areas

more.
- 5 5. Outdoor shaded areas become the

- — centre of activity of my family.
6 9 6. I spend time putting the shades

-- on seasonally.
3 5 7. I have to carefully monitor the

opening and closing of the 
shading device.

3 3 8. I have to keep changing theshading devices as they 
deteriorate over the year.
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FIREPLACE / STOVE

F E A T U R E F R E Q U E N C Y  OF OCCURANCE

1. fireplace 12
2. stove 4
3. both 2

MOST FREQUENT USE IF HOUSE HAS BOTH FEATURES
1. fireplace2. stove 2

FREQUENCY OF USE OF BACKUP HEAT IN THE WINTER
1. once a month 1
2. twice a month 1
3. once a week 2
4. twice a week 4
5. more than that 1

REASON FOR USE OF BACKUP HEAT
1. the fireplace/stove is not efficient 4
2. the fireplace takes time to heat 5

the house
3. the fire needs constant tending 5

ROOM IN WHICH FIREPLACE IS LOCATED
1. Living room/dining room 12
2. Family room 3
3. Bed room 1
4. other
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RATING OF IMPORTANCE OF FIREPLACE/STOVE ON 1 - 10 SCALE, 10 
BEING THE MOST IMPORTANT AND 1 BEING THE LEAST.

FREQUENCY OFOCCURANCE 2 2 1 1 3  1 1 1  6

FREQUENCY OF RESPONSES FOR EXPECTATIONS AND EXPERIENCES FOR 
FIREPLACE/STOVE
EXPECTED EXPERIENCED Number Number
8 11 1 .

2 8 2 .

3 6 3.

4 7 4.

2 3 5.

4 5 6.

I enjoy sitting in front of the 
fireplace as the fire looks 
lively.
Most of my activity revolves around the fireplace when it is 
in use.
As the family seems to be 
around the fire place to keep 
warm, there is more interaction 
amongst us.
I have to constantly tend the 
fire1.
I wake up early to get the fire started so as to get the house 
heated.
I feel the fireplace/stove 
restricts the furniture layout 
in the room.

2 2  7 . 1  tend to place furniture in
front of the fireplace/stove 
when not in use.
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CLEARSTORIES AND HIGH OPENABLE WINDOW

THE CLEARSTORY HAS BEEN USED FOR
1 . for privicy 52. aesthetics 6
3. Avoid huge south glazings 44. The family areas of the house 

located on the north with huge 
as the view was on that side.

were
glazings

25. other reasons. 11

FREQUENCY OF OPENING AND CLOSEING OF THE WINDOWS 
FOR VENTILATION

1 . daily 1
2. seasonally 11

RATING OF IMPORTANCE OF CLEARSTORY/HIGH OPENABLE WINDOWS
1-10 SCALE, 10 BEING THE MOST IMPORTANT AND 1 BEING THE 
LEAST

FREQUENCY OF
OCCURANCE 4 2 1 3 2 2 4

FREQUENCEY OF RESPONSES FOR EXPECTATION AND EXPERIENCES FOR
CLEARSTORY/HIGH OPENABLE WINDOWS
EXPECTEDNumber EXPERIENCEDNumber
4 15 1. I feel clearstories/high 

openable windows make the room 
look larger.

2 4 2. Clearstories/high openable 
windows admits noise into my house.

4 11 3. I enjoy watching the sky through
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2 3

3 7

the clearstories/high openable windows.
4. As the purpose of the 

clearstories/high openable 
windows is to allow direct sunlight into the room so as to 
store heat, I feel it restricts 
the furniture arrangement in the 
room.

5. Fabrics and furniture tend to fading in my house because of 
the direct sunlight through the 
clearstories/high openable 
windows.

5 8 6. I spend time opening andclosing the windows.
4 2 . 1 . 1  have to carefully monitor the

opening and closing of the 
clearstories/high windows.
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NATURAL LIGHTING

F E A T U R E F R E Q U E N C Y  OF OCCURANCE

1. Windows 192. skylights 63. clearstories 134. High openable windows. 6

RATING OF IMPORTANCE OF NATURAL LIGHTING ON A 1-10 SCALE, 10 BEING THE MOST IMPORTANT AND 1 BEING THE LEAST

FREQUENCY OF 1 3 3 2 4 6
OCCURANCE

FREQUENCY OF RESPONSES FOR EXPECTATION AND EXPERIENCES FOR 
CLEARSTORY
EXPECTED EXPERIENCED
Number Number
12 19

7 16

4 16

3 4

2 12 

1 8

1. Natural light makes my house 
look more open.

2. The brightness of the house is 
very stimulating.

3. I often work in areas which are 
better lit.

4. As natural light causes fading I 
feel restricted while arranging 
the furniture and putting up wall decoration.

5. My family activities tend to be concentrated in the better lit 
areas.

6. As the house is well lit I tend to use the outside areas less.
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1 21 2 7. I feel that fading due to natural light is a major 
problem.

6 15 8. I have started growing more plants as they grow better in 
the well lit house.

1 - 9. Initially getting used to the 
bright light in the house irritated my eyes.
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OPEN PLAN

TYPE OF SPACES IN OPEN PLAN
1. all one large space 102. seperated with low walls 83. double height spaces 6

RATING OF IMPORTANCE OF OPEN PLAN ON A 1-10 SCALE, 10 BEING 
THE MOST IMPORTANT AND 1 BEING THE LEAST

FREQUENCY OF
OCCURANCE 2 2 3 1  3 4

FREQUENCY OF RESPONSES FOR EXPECTATION AND EXPERIENCES FOR 
OPEN PLAN
EXPECTED EXPERIENCED Number Number
1 1

9 15

3 8

2 5

1. I had to use heavier furniture 
as there are fewer.walls to lean 
the furniture against and 
lighter furniture was constantly 
shifting when people used it,

2. In my house there is a 
tremendous feeling of openness 
because of the open planning.

3. I feel there is comparitivly 
more noise transimitted with in 
the house because of the open 
plan.

4. I feel there is lesser privicy 
within the house because of the 
open plan.

3 6 5. Because of the open plan myfamily uses certain areas more 
often.

C 14



1 3

1 4

7 13

6 11

6. Because of the open plan of my house, the furniture layout is 
restricted to certain areas.

7. I have used different type of furniture in this house because of the open plan of the house.
8. I entertain more as the space is large and open and convenient 

for entertaining.
9. My family is more aware of each 

others activities because of the 
open plan and the interconnected 
spaces.
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GRAY / RAIN WATER COLLECTORS

TYPE OF WATER COLLECTED
1. Rain water 5
2. Gray water -

3. Both -

TYPE OF COLLECTION SYSTEM
1. very technique! - designed with the house

-
2. an improvised system installed 

after the house was built. 5

RATING OP IMPORTANCE OF RAIN/GRAY WATER COLLECTION ON 1 -10 
SCALE, 10 BEING THE MOST IMPORTANT AND 1 BEING THE LEAST

FREQUENCY OF
OCCURANCE 2 1 2

FREQUENCY OF RESPONSES FOR EXPECTATIONS AND EXPERIENCES FOR 
RAIN/GRAY WATER COLLECTION
EXPECTED EXPERIENCED
Number Number
4 5 1. I feel satisfied because I 

conserve water.
3 5 2. I am very aware of the weather 

all the time so as to operate 
the system.

3 5 3. I have to spend time to operate 
the system.

2 3 4. I am more involved in gardening
because of my water collection 
system
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THERMAL COMFORT

RATING OF OVERALL THERMAL COMFORT OF THE HOUSE 

FERQUENCY OFOCCURANCE 1 1 5 2 8

FREQUENCY OF RESPONSES FOR EXPECTATION AND EXPERIENCES FOR 
THERMAL COMFORT
EXPECTEDNumber EXPERIENCEDNumber
4 11 1. I feel healthier because of the thermal conditions in the house
7 18 2. I have a feeling of satisfactioi living in a passive house.
5 14 3. I move around the house, using 

certain spaces at certain times 
to maintain thermal comfort.

3 10 4. I use thermally comfortable 
areas more often.

3 9 5. I spend more time at home as the house is comfortable.
7 17 6. I dress according to the 

interior temprature, using more 
clothes in the winter and fewer 
in the summer.

4 12 7. I do not feel as dry in the 
house as in a conventially 
heated house.

3 5 8. I have to put in an effort to 
maintain the comfort in the 
house.
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