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CHAPTER ONE 

INTRODUCTION 

1.0. The Need for Energy Conservation in Building Design 

In the American Institute of Architects' energy report, 1 two 

major energy systems were conceptualized. The first system, called 

'current income', refers to the natural regeneration sources such 

as solar, wind and hydro power. The second system, called 'capital 

energy', refers to finite sources which, once used, are lost forever. 

Only in the past hundred years have human energy systems shifted 

from those dominated by natural energy to systems powered by capital 

energy. Owing to the rapid increase of capital energy consumption 

and the shortage of available energy sources, the energy crisis has 

threatened the future survival of human beings. 

It is widely recognized that a solution has not been reached for 

the serious problem ahead of us. If the present large-scale use of 

energy by human beings continues, the stored capital energy will be 

exhausted in the next century. Projecting growth in energy use on the 

basis of past experience and comparing the expected future demand for 

energy with possible supplies, energy planners predicted in the late 

1960's that a gap (Fig. 1) would appear between supply and demand from 
2 domestic energy sources. 

One suggestion for filling this gap was the development of alter-

native energy sources such as synthetic fuels or some new forms of 

energy. But they are far more expensive than the traditional energy 

sources, and the technology involved is far from matured at this time. 

1 
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Furthermore, it would take a long time to develop a new energy source 

that would economically take the place of traditional sources. Therefore, 

methods of energy conservation should be used for the time being as 

a second best solution on the face of energy shortage. 

1.1 The Potential of Energy Conservation in Building Design 

Due to the lack of technical understanding and information and the 

misleading concept of energy conservation have caused the architectural 

design profession to be virtually ignored or dismissed in work dealing 
I 

with energy. 1 The schematic pie representation (Fig.2) of energy uses 

in the United States indicates that 57.3% of residential and 48% of 

cotIUnercial energy consumption were devoted to space heating. Most of 

this consumption could be reduced by conservation techniques such as 

the improvement of delivery of energy, the installation of supple-

mentary system drawing in energy from the sun and the wind, etc •• 

According to a variety of studies during 1972 and 1973, the 

amount by which energy demand could be reduced if buildings were de-
3 signed and constructed to be energy efficient is significant. The 

degree of saving was a function of the 
1

technical and economic feasi-

bility. The saving could range from 10% to 50% for retrofitted build-

ings and up to 80% for new building initially designed to be energy 

efficient. The studies concluded that 30% and 60% energy saving were 

reasonable average of the conservation potentials in old and new 

buildings, respectively. 
4 The AIA energy report presents the significance of the potential 

offered by energy efficient buildings, when those estimates are cast 
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into a national prospect that: 

"If we adopted a high priority national program emphasiz-
ing energy efficient buildings, we could by 1990 be sav-
ing the equivalent of more than 12.5 million barrels of 
petroleum per day. This is about as much as the projected 
1990 production capacity of any one of the primary energy 
systems: domestic oil, nuclear energy, domestic and im-
ported natural gas or coal." 5 

1.2. Basic Principles of Energy Conscious Design 

Generally, there are two major approaches to energy conservation: 

'belt-tightening' and 'leak-plugging'. Belt-tightening concerns those 

measures which would reduce energy consumption at the present efficiency 

level. It aims at reversing the growth rate of using capital energy. 

Leak-plugging concerns those measures which would achieve energy sav-

ing by increasing efficiency. It intends to reduce wasteful energy 

use with little change in life style or standard of living of the users. 

The approach of energy conservation in building design falls in 

the second category. There is much evidence that almost every aspect 

of building energy needs can be reduced or replaced by natural sources 

in some degree without affecting our standard of living. Nevertheless, 

there is a misunderstanding that the public and the professions alike 

consider the energy conservation in buildings as merely problems of 

construction material and techniques. Few relize that major conserva-

tion effects could be achieved by due considerations to building siting, 

orientation, configuration, etc .. These aspects deserve careful consi-

deration in terms of their potential to energy conservation. 

The National Solar Heating and Cooling Information Center has pro-

posed the following design priorities for energy conservation: 6 
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1. First, we make every effort in planning, design and 
construction to minimize heat loss in the winter and 
heat gain in the sunnner. 

2. With this objective achieved, we put forth every 
effort to incorporate into our houses passive design 
characteristics which use natural energy such as 
solar radiation, natural lighting and prevailing 
winds. 

3. Where possible, economical and efficient, we then 
incorporate active technologies which use renewable 
energies into our design. 

4. Then, only then, should we rely on fossil-based non-
renewable energy and related equipment and design 
features to supply the remaining energy required. 

These rules could very well serve as the general guidelines of energy 

conscious design. The first two actions are the major concerns of 

this thesis. 

1.3. Scope and Organization of Study 

Existing design methods literature have shown little concern about 

energy factors. This is understandable since most design methods were 

formulated in the 1960's. It is necessary to develop a systematic method 

of approaching energy problems. The method to be developed will be a 

preliminary framework for considering the fundamental issues of solving 

energy problems. Although there is no limitation of using it in build-

ing types, the data and information provided in discussion will primarily 

be associated with house design. Since the necessary information for 

design is never sufficient and the solution for this problem is a method 

of finding the proper information, this thesis doesn't intend to pro-

vide designers enough information to serve as a design manual but will 

suggest a method of approaching problems. 
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The method which will consider energy factors as a design deter-

minant is an attempt to respond to these questions: 

1. How to identify energy problems in architectural design? 

2. How to associate these problems with other environmental 

factors and to integrate them into design consideration? 

3. How to select an optimum solution which will satisfy a 

variety of design criteria? 

These questions will be answered through the discussion out of a sys-

tematic process. If a designer is aware of energy problems, he can 

find the proper information and develop his approach of energy design 

by using the method and the reference provided in this thesis. 

In this thesis, Chapter Two is the literature review of design 

responses to natural environments in the historical and the present 

times. It reveals that design with nature which will obtian energy 

efficient strcutures is not a new idea. Many historical cases proved 

that it had a great potential and incentive of energy conservation. 

After the energy crisis, the modern designers recognized its impor-

tance yet they lacked an appropriate method to deal with it. 

The third Chapter is to investigate the reasons for designing 

a methodology of energy conscious design and the quality, the criteria 

and the possible framework of it. It discusses the backgroud and the 

direction of approaching energy problems. 

Chapter Four is the description of a six-step method of analyz-

ing energy problems and developing alternative solutions. This method 

incorporates the conventional design concerns with natural factors in 

a systematic process. The advantage of this method is that it allows 
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flexibility of application in a conventional design process and also 

it can be used as a complete approach of energy conscious design. 

The fifth Chapter suggests a three-stage p~ogram of evaluating 
~ 

alternative solutions. This program, which is in a formative stage, 

is intended to deal with both the conventional and the energy con-

scious design solutions. 



CHAPTER TWO 

LITERATURE REVIEW 

2.0. Adapt to Climate: Some Ancient Examples 

"There is much to learn from architecture before 
it became an expert's art. The untutored builders 
in space and time - the protagonists of this show -
demonstrate an admirable talent for fitting their 
buildings into the natural surroundings. 
Instead of trying to 'conquer' nature, as we do, 
they welcome the vagaries of climate and the chal-
lenge of topography." 

(Bernard Rudofsky, Architecture without Architects, 
preface) 

It is a natural instinct of many animals to defend themselves 

against a great variety of unfavorable climates, either with physic-

logical mechanisms or with protective devices. Man's inventiveness 

has enabled him to construct shelters which would provide a favorable 

conditions for living. As the original purposes of the contruction of 

shelter evolved, ancient builders were able to meet the challenges of 

widely varying climates from lessons learned through nature and the 

accumulated experience in building. 

One often discussed example demonstrating the importance of climatic 

factors on shelter design is dwelling of the American Indian. Their house 

forms vary greatly according to the variation of climatic environments: 

In the cold northern territories, Indians solved the problems of 

the extreme cold weather with the Eskimo Igloo. The low hemisphical shel-

ter deflects the winds and takes advantage of the insulation value of 

the snow. 

In the hot-arid area, the Pueblo of San Juan (a tribe of Indians) 

9 
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constructed their housing with massive adobe roofs and walls, which 

have good insulation value and the capacity of storing solar heat. 

It reduces the daily heat peaks and releases the stored hest to warm 

the interior during the night. 

In the hot-humid area, the climatic problems are excessive solar 

radiation and moisture. To cope with these problems, the Indians built 

their houses with large gable roofs covered with grass as solar insu-

lation and with open walls to permit maximum breezes for evaporation 

of moisture. 

Such examples of adaptation to climate can be found in every part 

of the world. The Japanese traditional house, influenced strongly by 

China, had its unique ways to cope with climate. Several items develop-

ed from experiences have had significant effects on environmental con-

trol. · 

1. The roof is constructed with tile and mud. The mud has thermal 
insulation effect. 

2. The eaves and veranda serve the function of solar control. 
3. The house orientation of facing to the south permits the 

maximum solar radiation gain. 
4. The openings and movable partitions provide ventilation 

to evaporate moisture. 
5. The floor is stilted up in order to protect it from moisture 

in the earth and keep the room cool in the sununer. 

Human adaptation to climate is not only recorded in ancient architecture, 

but also preserved in cultural and political affairs. For example, the 

Chinese mystic art of geomancy was based on the knowledge of climatic 

and topographic variations. Climate also affects the Chinese political 

concept. Facing the south, for example, is the symbol and privile~e 

of the emperor. Two reasons probably nurished this concept. First, most 

historical Chinese Capitals were located innorthern. China so that facing 
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south had the symbolic meaning of ruling the entire country. Second, 

the climatic factors such as the north wind and solar radiatfon favor 

the south exposure of buildings. This concept was probably enhanced 

by the traditional south-north orientation of palaces. 

Climatic factors have a direct relation with building energy 

consumption. Ancient structures which were designed to adapte to 

climate had great advantage in energy conservation. The modern tech-

nology and the concept of overcoming nature make human beings less 

affected by and aware of nature. It is the reason for the present 

suffering from the energy crisis and the future problems of survival. 

A designer sh9uld be conscious of energy conservation and the relation-

ship between design and climate after reviewing these historical exam-

ples. 

2.1. Recent Studies in Energy and Design 

Design with climate was a mandatory attitude in ancient time, 

when 'technology' was primitive and energy supply was limited. 

Although the majority of modern designers are unaware of it, many 

studies of architecture and the climate have been completed over the 

recent years. For example, Dr. Paul Siple's House Beautiful Climate 

Control Project provides the designers with information of climatic 

analysis for architectural consideration. Givoni's book, Man, Climate 

and Architecture has also made great contribution to design with climate. 

These studies, however, do not address specifically to energy factors 

as design problems and sources of solutions. The remainder of this 

chapter will be devoted to the review of several significant theories 
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which have incorporated energy factors in the design process. 

I. Ralph Knowles' "Ecological Approach" 

Knowles' book Energy and Form suggests that design for the built 

environment should adapt its attitude to the future problem of human 

survival in three ways: 

1. First, economic purpose for urban growth stressing 
the long term costs of maintaining equilibrium in the 
built environment over the short term costs of develop-
ment. 

2. Second, a large scale view of a community as a set of 
association in which the diversity of community needs 
is met not by suppluing ever increasing mobility but 
building diversity into a closer contact arrangement. 

3. Third, an aesthetic value is based on 'form as a natural 
adaptation for survival'. 

The method he used to establish the relationship between form 

and energy is associated with D'arch Thompson's concept of "form is 

the diagram of forces. 117 Knowles considers that the static aspect 

of environmental forces can be measured in terms of variation and 

interva1. 8 The maintenance cost of the built environment is primarily 

a function of the variation in the natural forces. He calls it stress. 

Stress occurs when natural forces such as ambient air temperature, inci-

dent energy, precipitation, topography and wind, change daily and sea-

sonally. The larger the amount of variation, the more serious the stress 

is. Stress influences the built environment on the ratio between exposed 

surface area and contained volume. Then a mathematical relationship 

between stress and s/v ratio can be established as the logarithmic 

graph. (Fig. 3) · 
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The second form descriptor is concerned with slope-orientation 

of the land. The insolation and its shadow on site has a fixed rela-

tionship with the slope and orientation. Generally, north, west and 

east slopes have larger shadow areas than that of the south. Its result 

is a 'form descriptor', hight-to-area ratio. (Building height to its 

influenced site area ratio is a function of slope and orientation.) 

This ratio will affect the incrementation of the land. 9 

Knowles' theory is an innovation in design with nature. But it 

still has a long way to go to be of applicabel value to the designer. 

The major weakness of his theory does not lie in his concept; it is 

in the lack of enough knowledge of the interaction among the natural 

forces. There are two weaknesses in his method, first, his use of 

the simple summation of variations of natural forces to calculate 

the degree of stress, which is a determinant of surface to volume 

ratio, is questionable. Second, the ratio of height-to-area judged 

only by the amount of insolation is an oversimplication also ques-

tionable. 

Knowles' ecological approach is probably more useful to planning 

problem solving than to architectural design, but his idea of relating 

form and energy is nevertheless worthy of future investigation. It 

would be particularly powerful in the building of a simple and reli-

able model in dealing with energy problem in architectural design. 

II. Olgyay's "Bioclimatic Approach" 

Olgyay was the first person to use a systematic method of consider-

. i· . f i h 0 1 d . lO ing c imatic actors n arc itectura esign. 
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The purpose of his method is to achieve a 'balanced structure' which, 

in a given environmental setting, reduces undesirable stress and at 

the same time utilizes all natural resources favorable to human comfort. 

His systematic approach to climate-balanced house can be divided 

into four steps: 

1. Survey of climatic elements at a given location, 
2. Evaluation of each climatic impact in physiological terms, 
3. Application of the technological solution to each climate-

comfort problem, 
4. Finally. architectural expression. 

In the technological solutions, he considers the following items would 

be distinctive: site selection, orientation, shading devices, house 

form, air movement and indoor temperature balance. 

The major climatic factor considered in his process is the solar 

radiation. To Olgyay the problems in design are the reduction solar 

radiation gain during the overheated season, and the absorbtion solar 

heat during the underheated period. 

Olgyay's idea of climate-balanced structure is not new. The houses 

of the Pueblo Indians can be considered as an example of the application 

of the principles. But he uses the scientific procedure to analyze the 

climatic data that provide designers a reliable way in dealing with the 

climate. 

III. Caudill's "Humanistic Approach" 

The idea of this humanistic approach to building design for energy 

conservation is based on "maximum results with minimum means. 1111 This 

approach is not really an organized method as such; rather it provides 

a few principles and giudelines for the energy conscious designers. 

Six guidelines are: 
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1. Use the climate; 
2. Make the envelope lean and clean (to have less roof and 

wall areas); 
3. Design lighting systems for specific task; 
4. Design on the edge of comfort zone; 
5. Use energy efficient system; 
6. Provide controls. 

The humanistic appraoch doesn't take energy issue as a design 

problem and source of design creation. Therefore, its effect is small. 

IV. AIA's "Energy Conservation in Building Design" 

This report is most helpful for conventional designers concerning 

energy conservation at this time. It outlines areas and actions of the 

building process where energy saving may be achieved. Basically, it 

respects the humanistic, esthetic and other traditional values of archi-

tecture. Due to the lack of quantifiable technical data and design cri-

teria, this method can only provide limited effects on architectural 

solutions for energy conservation. 

Today, the assistance available for design professions concerning 

energy conservation is very primitive. The established major concerns 

in design approach are the three dimensional form, human factors and 

construction costs. Since it is generally believed that the ultimate 

task of architecture is to act in favor of man, modern designers are 

well equipped with sensitivity and knowledge of human factors but sel-

dom are concerned with energy. An example of this trend is the so 

called 'international style' of the 1930's which exemplify the lack 

of concern for the variation of climate between different parts of 

the world. In this situation, design guidelines can only have a small 

effect on energy solution. Significant effects in energy conservation 
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can only be achieved if we treat energy factors as equally important 

as human factors in design considerations. 



CHAPTER THREE 

A STRATEGY FOR DESIGN INNOVATION 

Architectural design system is considered in this study as being 

composed of three environmental sub-systems: spatial, visual and phy-

sical, and their interactions with human activities. The spatial en-

vironment is associated with building performance and functional require-

ments. The visual environment is associated with building forms and the 

aesthetic value. The physical environment is relevant to building site 

conditions and available resources with which to build. The fundamental 

energy solution in architectural design can only be achieved by inter-

facing energy factors with these environmental systems. The four energy 

design methods discussed in the previous chapter have not attacked this 

strategic issue of the design process. Knowles' theory takes solar 

energy as a major factor of form generation, but it doesn't relate it 

to human, spatial and visual environments. Olgyay's method considers 

human comfort and spatial standards and their relation to climatic fac-

tors. This method only includes a physical approach, and is difficult 

for a designer to adopt in his intuitive creation. Approaches advocated 

by Caudill and the AIA respect the conventional profession method. 

They treat energy factors as design guidelines and can have only limited 

effect. 

Conventional design attitudes and methods cannot meet the challenge 

of the energy crisis. Architectural design needs a new movement which 

would consider energy factors as the sources of design problems as well 

as solutions. This new attitude could lead to innovation in the archi-

tectural profession. 

18 
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3.0. Reasons for Constructing a Methodology of Energy Conscious Design 

Besides the reason of energy conservation, a few thoughts also 

support the need for design innovation. 

I. Philosophically, design is an action of dynamically balancing the 

interaction between needs and forms. Alexander considers needs as forces 
12 which generates forms, order, natural organization and man-made objects. 

He proclaims that "The ultimate object of design is form." This mani-

festo is meaningful, because he adopts D'arch Thompson's definition of 

form, i.e. "form is the diagram of forces." In this sense, the world can 

be perceived as a non-homogenous system organized by entities and forces. 

The characteristics of forces determine the property of the environment. 

The designer's function is to investigate forces and interactions between 

existing forms and forces in order to build new forms which will com-

pensate for world's irregularities. The forces can be classified into 

two categories, physical and non-physical. The former has its specific 

way of acting such as the force of gravity. The latter which includes 

human actions is not easy to predict. Energy is one of the natural forces 

which obey the rules of physical laws. 

Energy consumption is also associated with entropy which is ano-

ther concept of energy. According to the entropy theory any natural 

process has the waste of inefficiency and increase the amount of en-

tropy in the environment. Entropy as well as the energy consumption 

can be a measure of chaos and high entropy is a most likely state in 

the natural system. Chaos and lrregularity, therefore, always move 

toward a higher degree. The purpose of energy conservation can be 

considered as the effort to increase the energy efficiency in order 
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to reduce environmental chaos and complication. 

II. Theoretically, the objective of architectural design is to build 

a three dimensional form to accomodate designated activities. Broadbent 

said in his book Design in Architecture , "Building and its services 

control the physical climate. They act as a set of filters between a 

given, external environment and the activities we want to perform." 

Architectural design is approached by establishing activities they 

are to house, the space standards and environmental conditions these 

activities would require, the physical condition of the site and the 

available resources with which to build. The building itself, which 

serves as an environmental filter between man and his environment, is 

a means of reconciling these forces. Therefore, architectural design 

should recognize the inseparability of these four factors. Energy (or 

resource) is one of the determinants for design objectives and solutions. 

III. Economically, design decision always involves cost-and-benefit 

analysis. The initial construction cost has been considered a prime 

design controller until maintenance cost becomes inflationary due to 

the ever increasing energy price. The cost of maintenance includes 

the costs of repair, painting, cleaning and energy need for supporting 

a comfortable condition. Energy cost has become a major expenditure of 

the total cost. Projecting the continuing inflation of energy price, 

ir is necessary to save energy in building design. 

IV. Morally, the designer's objective is to make contribution toward 

improving the order and organization of the total enviroru::~nt. 
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His action influences not only his clients and designated users but 

also the community and futher generations. Many studies have estimated 

that if the present rate of energy consumption continues the stored 

natural gas will be exhausted in 35 years while the oil won't last 

more than a hundred years. These energy resources are the major che-

mical energy source for industry. Their shortage will cause tremendous 

economic problems and would even threaten human survival. It is not 

morally right to delay or avoid the critical issues when the fate 

of future generations is at stake. 

V. Legally, building construction should obey the building codes and 

regulations. The increasing concerns of the public and the legislature 

about energy conservation in building design will force the architectural 

profession to consider energy problems in the design process. 

3.1. Design Method and Energy Conscious Design 

The strategy for seeking energy solution is first to construct a 

new value system and life style by changing designer's and the public 

attitude about energy, then to have a new design methodology in work 

dealing with energy problems. The objective of this method is to treat 

energy factors as a force of creating form. The conventional methods 

of creating form are pragmatic, iconic, analogic and canonic design. 13 

Broadbent gives the difinitions for these designs in his book Design in 

Architecture. The pragmatic design is a matter of translating practical 

need into form. The iconic design is based on a "fixed mental image of 

what a structure should be like." In the analogic design, the creation 
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of a new building form to new usage is based on a designer's visual 

experience. In canonic design, the geometric system, pattern or pro-

portional system will provide the designer with an orgin of his design 

drawings and with authority for a great many decision about the shape 

of a figure. 

Energy conservational design and design with climate seem only 

a matter of pragmatic problems. If the pragmatic design proved to 

work in many ancient cultures, why should we look for new ways of 

energy conscious design? The obvious answer is that the design context 

and property of problems have been changing and becoming more complex. 

A designer cannot cover a variety of variables in one time. The pragma-. 

tic design can't cope with non-physical problems. The iconic design 

is useless in solving problems across a wide variety of site conditions. 

And the analogic and canonic designs do not aim at analysis of problems. 

Since energy factors are quantitative variables, the energy design 

method should include both qualitative and quantitative components. 

There are a few requirements that an energy design methodology should 

satisfy in order to be effective in dealing with them. 

1. It can solve the conflict between logical analysis and 
creative thought. 

2. It is capable of manipulating both the qualitative and 
quantitative variables. 

3. It is possible to feed back both physical and non-physical 
solutions to problems. 

4. It can evaluate design solution of non-physical quality in 
terms of energy forces. 

A few considerations for meeting these qualities are: 



23 

I. First, it should be a systematic approach. Christopher Jones said 

in his paper ''Method of Systematic Design","The method (of systematic 

design) is primarily a means of resolving a conflict that exists between 

logical analysis and creative thought." He asserts that this aim can 

be achieved by: (1) a system of analysis and record of every item of 

design in terms of performance specification; (2) synthesis solutions 

for individual performance specification to build up complete design; 

and (3) evaluation alternatives against performance specification. 

II. Second, it is necessary to use logical structures to present design 

problems. Architectural design problems are becoming more complex and 

involve the problems of site planning, structure and environmental 

control. Consider a simple example of a design problem such as the 

decision about building orientation of a house, it will involve many 

variables affecting design decision. They are the approach traffic to 

the site, the relationship between the site and existing structures 

around the site and climate. Each variable may be controversial to the 

other. For example, opening to a beautiful view bring exposure to the 

cold wind. To cope with this complexity of problem, Alexander claims 

the need of rationality, 14 especially, need for using logical struct-

ures to present design problems. He believes that "a logical picture 

is easier to criticize than a vague one and increased precision gives 

us the chance to sharpen our conception of what the design process in-

volved. 1115 

III. Third, it will generate a concept of form from energy variables. 

Energy design methods can refer to the second step of Thronley's 
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"design method in architectural education" 16 that the insolation of 

a general concept of 'form' is from the purposes of building, its re-

lation to physical and non-physical surroundings and preliminary con-

siderations of spatial and structure organization. 

IV. Fourth, it has a trade off evaluation program of analyzing visual 

or spatial qualities in terms of energy criteria. Considering the 

assessments of design, Bruce Archer thinks that there is a line of 

17 limit between solutions are acceptable or unacceptable. Therefore, 

an important prerequisite for an ultimate solution is that it be in 

the area of acceptability. In energy design, this acceptability should 

be justified by all major design considerations, energy, performance 

and aesthetics. Alternatives above this standard will accept a further 

evaluation of these visual and spatial qualities against energy criteria. 

The further discussion will be in Chapter Five. 

3.2. The Structure of Energy Design Method 

A design method is composed of design objectives, variables, pro-

blems, solutions and decision-making. The variables can be classified 

into two categories: non-controllable and controllable variables. The 

non-controllable variables are associated with environmental forces 

which are given on the site and cannot be manipulated by designers. 

These include climatic factors and human activities. The four environ-

mental forces (activities, spatial conditions, site situation and re-

sources) which have been discussed in the previous section are the 

major non-controllable variables in architectural design. 
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The controllable variables are the sources of energy design problems 

and solutions. They include the three dimensional form, design idea, 

building components and available materials and technology. 

Architectural design activities are a dynamic balance between 

the unsatisfactory conditions and human needs. Their objective is for 

adjusting environmental interactions among physical and non-physical 

forces, human activities and thoughts and buildings. Designers play 

a critical position in an endless interaction. (Fig.4) It shows the 

importance of designers' considerations about the interfacing between 

human and nature in the design process. 

A systematic method is necessary to perform this action. This 

method will include: 

1. Establishing design objectives, 
2. Exploring design situation, 
3. Analyzing the problem structure, 
4. Developing design criteria, 
5. Investigating sub-solutions, 
6. Synthesizing alternative solutions, 
7. Evaluating and decision making. 

Fig. 5 shows the interralationship among energy, spatial and visual 

environments through this systematic procedure. This will be the basic 

structure of the energy design method in this thesis. 

There is a critical question about this methodology. How does it 

incorporate energy issues with other environmental factors in this 

systematic procedure ? The elements in physical environment can be 

examined in terms of energy. Therefore, it is reasonable to establish 

an energy system to take place of physical consideration in order to 

emphasize the energy influence on design. 
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CHAPTER FOUR 

DESCRIPTION OF THE METHOD 

The previous chapter integrates energy factors with spatial and 

the visual environments to construct a systematic process of approaching 

energy problems. In this.method, analyzing the problem structure and 

selecting solution play the critical parts in making energy factors to 

be design determinants. Nevertheless, each step of the method requires 

the designer's attention to the interaction among the three environments 

and contributes to an optimum solution. The following sections will dis-

cuss energy environment and its relation to architectural design through 

the systematic procedures. 

4.0. Establishing Design Objectives 

The overall objective of architectural design is a humanistic 

action of organizing.architectural elements in order to provide appro-

priate environmental conditions for human activities. These conditions 

are determined by the four forces (activities, spatial standards, site 

conditions and resources). Design objective is to integrate these fac-

tors for maximum environmental performance with minimum means. The mini-

mum means refers to both human and natural energy consumption. The trend 

of human civilization and technological innovation aims at using natural 

energy to replace human energy needs and to txtend the human ability 

to control environments. Western civilization proved that a large amount 

natural energy consumption provides great incentive for humans in growth 

of production and enjoyment of a high living standard. Unfortunately, 

most natural energy resources on which human civilization has depended 

28 
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are finite and non-renewable. Two ways of solving this problem are, 

first to lower the living standard and the rate of growth in order to 

decrease the use of energy; second, to utilized the infinite natural 

resources. The first action is almost impossible to carry out unless 

there are no other alternatives. Therefore, the second action should be 

the objective of human effort. Architectural design will consider the 

goal in two ways by decreasing building energy load and supplying build-

ing energy needs with renewable energy supplies. The plan is to reserve 

the present living standard with more efficient ways of using natural 

energy. These energy design objectives can be achieved through: 

1. Decreasing the building energy load by 

a. increasing the solidity of the building envelope, 

b. avoiding the negative effects of natural forces, 

c. changing user life style, 

d. having more efficient building systems. 

2. Supplying the building energy needs with renewable energy by 

a. utilizing solar energy, wind power, etc., 

b. taking advantage of natural forces. 

4.1. Exploring Design Situation 

The three steps in design activities are: divergence, transforma-

tion and convergence. The exploring design situation is a stage of diver-

gence. Christopher Jones gives a definition of this stage: 18 

"The aim at this stage is to generate doubts, to pose the 
right questions, to discover what is critical and to test 
the sensitivity of sponsors, users and others to possible 
ways of dealing with the problems." 
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In other words, the activity in this stage is the discovery and accumu-

lation of information connected with the problem: what in the community 

or personal value systems, products and component is susceptible to 

change, and what fixed points can be regarded as reference? 

Bruce Archer also gives a good definition of this activity: "identi-

fying the properties or conditions required by the objectives to be ex-
19 hibited in the end result." Any environmental force has both positive 

and negative effects on human activities. For instance, the sun and 

water provide the basic resources for human life, but too much preci-

pitation or excessive solar radiation will cause damage and uncomfort-

able conditions. The activity of exploring design situation is to dis-

cover the effects of environmental forces on the available site. 

These effects will provide constraints and opportunities for design 

consideration. 

In considering the energy problem, the environmental forces which 

contribute to building energy conservation are primarily the site con-

ditions, climatic factors and human comfort. 

1.. Site conditions 
a. existing structures 
b. access to and on the site 
c. land slope and orientation 
d. landscape and vegetation 
e. geological condition 

2. Climatic factors 
a. available solar radiation 
b. sun's path 
c. wind speed and wind velocity 
d. air temperature 
e. humidity 

3. Human comfort 
a. human comfort standard 
b. life style 
c. activities 
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The items listed above are the independent variables which are not 

controlled by designers~ These variables determine the properties of 

design problems and possible solutions. 

I. The analysis of site conditions 

A. The purpose of site analysis 

It is to fully understand the site, the problem and the potential 

optimum solution. The activity of site analysis aims at the purpose 

of: 20 

1. Natural processes as form determinants 

Architectural design decision largely depends on the interac-

tion between natural forces and human factors. The potential form 

determinants such as materials, social factors and aesthetics have 

varying effects depending upon the specific place and time. 

2. To understand natural constraints or barriers 

The natural constraints or barriers of architectural design may 

be climate, geology, soil, vegetations. To arbitrarily destory or 

disrupt any part of the complex natural system without fully under-

standing it may be not only dangerous but inordinately expensive in 

a particular situation. 

3. Cost and benefit analysis 

The cost of proper initial planning at the appropriate stage 

may be less expensive than the remedial or retrofit activity need-

ed to correct the oversight for lack of adquate preliminary analysis. 

4. Site selection, orientation and activity placement 

Proper site and problem analysis will insure the right thing or 

the right activity will be placed eventually in the right location 
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on a particular site. 

5. Life cycle costing 

Site analysis data could be a basis for life cycle costing 

analysis. 

B. The process of site analysis 

The importance of site analysis is not only to understand factors 

of form determinants but also to discover the opportunities for 

energy conservation. Various aspects which normally are studied in 

the site analysis and their relation to energy problems are as follows: 

1. Existing structures around the site 

a. Shade from existing structures reduces solar gain. 
b. Reflection from adjacent buildings increases heat gain. 
c. Wind induced by adjacent buildings increases heat loss. 
d. Wind blocked by adjacent buildings reduces heat loss. 

2. Access routes to and on the site 

The analysis of access routes includes, 
a. Adjacent streets for vehicular access to the site, 
b. Walkways for pedestrian access to or through the site. 

3. Slope and orientation of the site 

Slope and orientation with the relation to solar insolation 
has an important effect on building heat gain and design of 
shading devices. 

4. Topographic conditions 

a. The grade of slopes is associated with construction cost. 
b. Topographic conditions have effects on microclimatic condition. 

5. Geological conditions 

The analysis of geological conditions includes: 
a. Depth and type of rock on the site, 
b. Unbuildable area on the site, 
c. Soils with engineering limitation unable to support structures, 
d. Soils with agricultural limitations unable to support vegeta-

tion. 
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6. Existing vegetations 

a. Size, variety and location of vegetation would impair 
solr collection. 

b. Building sites should provide for minimum disturbance 
of existing vegetation. 

7. Water 

Water has higher specific heat than land and helps to 
moderate extreme temperature variations. 

8. Natural cover or man-made surfaces 

a. Plants and grassy covers reduce temperature by absorption 
of insolation and cool by evaporation. It is generally 
found that the temperature over grass surface on sunny 
days is about 10 to 14 degrees cooler than that of exposed 
soil. 

b. Man-made surfaces tend to elevate temperature. For example, 
asphalt surfaces can reach 124°F in 98.F air temperature. 

The appropriate way to integrate any building and its site is, 

first to analyze the site very carefully and then to place the building 

on the site with a minimum of disruption and greastest recognition and 

acceptance of the site's distinctive features. A good reference on 

site analysis, planning and ·energy conservation is the Environmental 

Design Press report Landscape Planning for Energy Conservation. 

II. The analysis of climatic factors 

Climatic analysis is not a stranger to the architectural profession. 

The methods and data have been fully investigated and applied in archi-

tectural and building mechanical designs. A few significant studies have 

been published since the 1930's. One is Dr. Paul Siple's House Beautiful 

Climate Control Project. It provides the macroclimatic information on 

thermal, solar, wind, precipitation and humidity analysis for architec-

tural consideration. Another is Victory Olgyay's Design with Climate. 



34 

Olgyay was the first person to propose a systematic procedure to 

analyze climatic data in terms of architectural consideration. 

His method includes four steps: 

1. Compilation of local climatic data, including temperature, 
wind, radiation and humidity. 

2. Tabulation of climatic data on an annual basis and cons-
truction of a series of charts showing annual distribution 
of the climatic elements. 

3. Plotting of the tabulated data on air temperature and 
humidity on bioclimatic chart. 

4. Planning of design factors such as the building forms, 
orientation, location, size, shading of opening and 
glazed area, etc •• 

Energy conscious design needs to emphasize the climatic analysis 

and to examine each climatic factor in terms of its energy effects. 

A. The process of climatic analysis 

1. Available solar radiation 

The solar radiation arriving at the earth's surface is 
a constant. Its mean value is 1.94 cal/cm2/min. which is 
equivalent to 420 Btu/ ft2/hr. 

The amount of solar radiation on site at ground is consi-
derably less and varies with altitude. 

1977 ASHRAE Handbook of Fundamentals, Table 26-22 provides 
information of solar intensity. 

2. Solar angle 

The solar incident angle on the site is related to the 
amount of solar nergy falling on the site and the design 
of shading devices for windows. There are many methods of 
calculating soalr angle. One is the "Shading Chart" developed 
by Kayess Enterprise Co •• Another is the "Solar Chart" by 
Libbey-Owens Ford Glass Co •• This information can be found 
in Aronin's book Climate and Architecture. 
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3. Sun path diagram 

The sun's position with reference to the horizon is 
usually expressed by altitude and arimuth. The sun's path 
determines the design of shading devices and building 
orientation. 

4. Other solar data 

The other solar data which are associated with energy 
problems are "solar percentage" and "hours of possible 
sunshine". These data are the important factors in design-
ing passive and active solar systems. The information can 
be found in the U.S. Weather Bureau's Local Climatological 
Data. 

5. Ambient air temperature 

The ambient air temperature determines the heating and 
cooling load. The concept of heating (or cooling) degree 
days is the sum of annual temperature differences on a base 
of 65 degrees. It is an important index of building mechan-
ical design. 

6. Wind 

Wind is an important factor in increasing heat loss 
in winter and providing a cooling effect in summer. 
Wind velocity will increase the coefficiency of heat 
transmission of building materials. Therefore, during 
an underheated period, the design problem is how to 
block the cold wind, and during an overheat~d period, 
the design problem is how to utilize the prevailing 
wind for cooling. 

7. Humidity and precipitation 

Water vapour is continuously generated in an occupied 
building by breathing, perspiration, cooking and other 
habitation processes. Condensation happens on those surfaces 
where temperature is the lowest. 

The relationship between the indoor and the outdoor 
vapour pressures depend on ventilation. It is directly 
associated with human comfort. 

Moisture not only causes construction problems but 
also increases energy load by requiring energy to be 
consumed to humidify in winter and dehumidify in summer. 
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B. Climatic analysis and building design 

Another significant study of climatic and architectural design 

was done by Givoni. He analyzed climatic effects in terms of 
21 building performance. The major features of design which affect 

the response of a building to exposure to climatic elements are: 

(1) the quantity of solar radiation absorbed by and penetrating 

the building, (2) the air and surface temperature, (3) the air 

velocity and the vapor pressure. Through experiments, Givoni found 
22 some relationships between indoor climates and building envelope: 

1. The solar radiation absorbed in the wall can vary 
from 15 to 90%, depending on the absorptivity of the 
external surface. 

2. Solar radiation penetrating through windows can be varied 
from 10 to 90% of incident radiation, depending on shading 
devices. 

3. Indoor air temperature can vary, depending on the structure 
insulation such that: 

a. Indoor maximum air temperature is -20 to +20 degrees 
from outdoor temperature. 

b. Indoor minimum air temperature is 0 to +13 degrees from 
outdoor temperature. 

c. Indoor surface temperature is -12 to +50 degrees from 
outdoor temperature. 

4. Average internal air speed varies from 15 to 60% of outdoor 
wind speed, depending on window openings. 

5. Indoor vapor pressure is 0-7 mm hg above outdoor level. 

6. Houses positioned at 45 degrees from the wind direction 
will reduce the wind velocity on the surface on 50%. 

The design usually examines the climatic factors in terms of the 

most extreme physiological stress in order to induce the optimum 

solution. Givoni's analysis procedure is an example: 
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1. What are the optimum and minimum temperatures required 
for comfort, different age groups, activities, degree of 
acclimat~on and clothing habits? 

2. What are the indoor conditions which should be considered 
as the threshold for the provision of heating under the 
conditions mentioned in step one? 

3. What is the relationship between the outdoor conditions 
of temperature, wind and rain and indoor thermal conditions, 
for different types of buildings, taking into account the 
materials, windows area, orientation, external color, etc.? 

4. What are the outdoor conditions under which the indoor con-
ditions necessitating heating should be provided in a given 
type of building during the period and hours of its occupancy? 

After answering these questions, a designer should plot several clima-

tic elements, (suitability of ventilation, air temperature and vapour 

pressure) on a psychometric chart to gain a comprehensive idea of the 

design factors of climate. 

III. The analysis of human comfort 

"Experiments on animals in a variable-temperature tunnel at the 

John B. Pierce Foundation showed that animals prefer to stay at 70.F 

about midway between the points calling for maximum expenditure of 

energy in adjustment to the environment. 1123 

The ideal air temperature for human beings varies by the change 

of vapour pressure, air movement and radiation. It ranges from 70 to 

80 degrees which is about midway between the upper temperature limit 

(sunstroke) and the lower limit (the freezing point). The ideal comfort 

condition also differs slightly depending on variations in cultural 

and physical factors. For instance, the British ldeal temperature with 
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slightly air movement of 50 fpm or less, is 66.1 degrees in summer 

and 62.1 degrees in winter. The comfort zone for the British is between 

50 to 70 degrees, but the comfort zone in the U.S. lies between 69 to 

80 degrees, and in the tropics, it will rise to 76 to 85 degrees. 24 

For design purposes, the bioclimatic chart, which includes several 

climatic elements (air movement, grains of moisture, solar radiation 

and air temperature), will set a clear comfort condition for human 

activities. 

4.2. Analyzing the problem structure 

The stage of problem structure analysis is one of the most impor-

tant parts of the method of energy conscious design. It determines the 

success of integrating energy factors as a design consideration. In the 

conventional design approach energy issues are seldom considered as 

a design problem or a source of solution. Usually, the creation of 

forms is based on the needs of human activities, spatial performance 

and aesthetic values. Energy plays a very insignificant role as a design 

determinant. The opportunities for conserving energy in building design 

primarily exist in the design consideration of arranging buildings to 

utilize natural energy and to avoid energy loss. This design concept 

cannot stand by itself without considering other factors. Integrating 

energy factors with spatial and visual factors at this stage determines 

the success of energy design. 

Returning to the early discussion about the concept of form, 

Alexander considers that design is a matter of finding the fitness 

between form and context, where context is described in terms of forces. 
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The design problem is a matter of finding variables with fit or misfit 

between form and context. L. Bruce Archer also gives a nice difinition 

of the design problem. He suggests that human actions arise from the ex-

perience of discontent which exists when "there is a discrepancy between 

a condition as it is and the condition as he would like it to be. 1125 

A design problem exists when "the action appropriate to the correction 
26 of a particular unsatisfactory condition is not apparent." 

According to Archer's definition, the design problem is composed 

of the human experience of unsatisfactory condition, the intention to 

correct this condition and the ambiguity of approapriate action to 

make this correction. Therefore, problem structure is associated with 

values, existing conditions and objectives. 

The nature of the problem plays a critical part in determining 

the design solution. The purpose of problem structure analysis is to 

identify the design elements and characteristics of problems and to 

establish their relationships.It is a stage of translating the physical 

and abstract concepts into architectural terminology. The design problem 

has two sources. One is the client's statement of intention. The other 

is the designer's judgement about the discrepancy between the existing 

situation and the activities whcih users want to perform. 

Alexander says, "We sometimes forget how deeply the nature of 
27 an object is determined by the nature of its components." He believes 

that once one decides the components of an object, there are very few 

essential changes one can make. Therefore, in constructing a design 

problem, one most analyze all the components existing and designed. 
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There are two kinds of components in architectural design. The 

first are independent variables which are not controlled by the designer. 

They determine the design situation. The other are the controllable 

variables which can be changed and manipulated by the designer and con-

tribute to the composition of new conditions. These components which 

will provide the opportunities for design solution are the basis of 

problem structure. The variables which are associated with energy pro-

blems are: 

1. Variables for design planning and programming. 

2. Variables for design concept. 

3. Variables for constructing buildings. 

4. Variables for utilizing solar energy. 

I. Variables for design planning and progrannning in energy design 

A. Users' life style 

The relationship between lifestyle and energy consumption is 

best observed in the occupancy of buildings and rooms within build-

ings. A residential building usually has more rooms than the number 

of occupants. Some of the spaces may be only used once in a while 

during the day, such as bedrooms, bathrooms, study rooms, etc •• 

It is wasteful to heat or air-condition them all the time. By using 

a time-room table (Fig.6) to find out the occupancy schedule, a 

designer can establish a system of relationships or organization 

among them. This schedule can be transformed into space zoning or 

organization which will affect the maintenance program and energy 

load. The second intention of studying lifestyle is to discover 
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the possibility of decreasing the building size and volume using 

multi-use spaces. 

B. Space quantity and quality analysis 

The space standard is a major factor that affects energy consump-

tion. The standard varies with activities and users' ages and habits. 

Carefully considering these backgrounds before design can have a 

major effect on saving energy. Many examples of poor design can be 

found around us, such as the War Memorial Gymnasium at Virginia Tech, 

designed with mechanical conditioning. The function of a gymnasium 

is to provide for high and intensive activities, requiring high air 

movement and low vapour pressures. The conditions of the War Memorial 

Gymnasium show poor response to these requirements. And it wastefully 

consumes energy to maintain comfort conditions. These shortcomings 

can be avoided if we have the understanding about proper spatial con-

ditions for designated activities and the attitude of using natural 

energy for maintenance. 

II. Variables for design concept and energy consideration 

The variables which are associated with energy in the design stage 

are: 

A. Site planning 

The purposes of site planning are to give form to the basic design 

concepts which are appropriate to optimum human use and enjoyment 

and to utilization of natural forces on the site. These purposes 

can be achieved through the site planning process of location of func-

tions and building elements. 
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The basic functions of residential sites are residential units, 

access, service, storage, recreation, outdoor living, circulation 

and solar radiation devices. In site planning the activities are 

to organize these functions to take place on specific sites and 

to show the relationship, the interaction and the location of each 

of these functions. 

The typical site planning elements are paving, vegetation, fences, 

walls and canopies. The placement of these on the site should be 

planned so as to provide the optimum relationships and more climatic 

control. The basic concept of the site planning for energy conser-

vation is to manipulate the sun and other climatic factors through 

site design decisions. Site design includes two considerations. 

One is to use the characteristics of land form and land materials. 

The moving of earth to increase, decrease or direct climatic factors 

is probably the least expensive method of site manipulation. Early in 

the site design phase, careful calculation on where and how to move 

and adjust the earth should be made. The topogeaphy and orientation 

of an earth form determines the amount of solar radiation and air 

movement. The other is to use and select vegetation. The placement 

of vegetation is used for solar and wind control. 

Site design is not only for energy conservation but also for aesthe-

tic and spatial quality. For instance, site elements can articulate 

space, enhance visual focus and provide privacy control. 

Detailed information about site planning and energy conservation 

can be found in the book Landscape Planning for Energy Conservation, 

edited by Environmental Design Press. 
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B. Building orientation 

Building orientation is one of the most effective factors of 

energy conservation in design. The typical consideration in building 

orientation are aesthetic values and views, access route, topography, 

source of noise, solar radiation, the sun's path and wind direction. 

By orienting building and outdoor activities in certain directions, 

it is possible to maximize the effects impacted by both sun and 

wind to raise or lower the temperature or humidity and thus to pro-

vide comfort levels naturally, and decrease the use and dependence 

on energy to artificially heat or cool buildings. 

The relative importance and need for added solar radiation and 

the heat provided by the sun will vary from region to region and 

from season to season. In a cold region or season, additional solar 

radiation will be welcomed and needed. The information about the 

optimum orientation for various building configurations in each of 

the four climatic region of the United States can be found in the 

book, Landscape Planning for Energy Conservation. 

Henry Wright did a study of the orientation and planning of housing 

in the New York area in relation to solar radiation in 1936. 28 

He recommended that most of the important rooms and large windows 

be placed on the south and south-west to take advantage of winter 

sun and that a minimum of windows be introduced on the west-northwest 

end. A diagram from Wright's report illustrates the vices and virtues 

of two "before and after" situations where the same plan is turned 

through 180 degrees to give the optimum orientation which wright 

reconnnended. (Fig. 7) 
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Old plan: 
original design in 
worst orientation 

New plan: 
revised design in 
best orientation 

Comparison of effects of 
solar radiation on a house 
in the New York area, 1936. 
(Adopting from Steadman, 
Energy, Environment and 
Building, p. 39) 
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Figure 7. Henry Wright's House Plan 
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For the theoretical study of orientation and design considera-

tion, one can refer to Knowles' book, Energy and Form. 

Detailed information on building orientation in relation to energy 

conservation can be found through the books Design with Climate 

and Man, Climate and Architecture. 

C. Space organization 

The Space organization decision is one of the most important 

phases in architectural design. The conventional design considera-

tion of space organization is based on the location of activities 

and building performance. Space organization is associated with 

energy conservation in four ways: multi-use spaces, space zoning, 

buffer zones and air movement. 

To combine several functional spaces together will decrease build-

ing size and energy load. Space zoning is the grouping of rooms 

which have the same occupancy schedule in zones. The prupose of 

zoning is to have separate mechanical systems and operations which 

will save unnecessary heating and cooling when spaces are not in use. 

Buffer zoning is the location of service and storage spaces properly 

in order to increase the building solidity. For example, to place 

these spaces at the north wall can reduce heat loss in winter, or to 

place them at the west end can reduce solar impact in summer. 

Interior air movement is partially determined by space organization. 

Two causes of air movement are air pressure and thermal balance effect. 

Space organization should be carefully arranged in order to have a 

proper pattern of air movement to transport the heat from the heat 
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source to the proper location. For instance, air movement is needed 

to move heat from a greenhouse or Tromb wall to the living room in 

the day and to the bedrooms during the night. Another function of 

air movement is to provide natural cooling in summer. 

Detailed information about air movement and its thermal effect 

can be found in Givoni's book Man,_Climate and Architecture. 

D. Building configuration 

Building shape and configuration have a direct relation to building 

energy consumption because the heat transmission through its envelope. 

Design problems are considered in several ways. During an underheated 

period the objectives are to decrease heat loss by minimizing the 

building surface area and to to increase solar heat gain by maximizing 

the south facing walls or openings. During an overheated period the 

need is to decrease solar heat gain by minimizing the sun impact sur-

face. 

The climatic factors to consider in determining an optimum shape 

are solar radiation and wind effect. Based on the solar impact, Olgyay 

developed the optimum shapes of houses for different climatic regiona. 

His criteria of optimum shape are stated as such: "the rule of the 

optimum shape is that which loses the minimum amount of outgoing Btu 

in winter, and accepts the least amount of incoming Btu in summer. 1129 

The detailed information of it can refer to Olgyay's book, Design with 

Climate. 
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E. Underground structure 

Energy is wasted by unwanted heating or cooling of the surrounding 

environment. The major heat loss or gain by a structure occurs in two 

ways, infiltration and heat transmission. The underground structure 

can reduce greatly or eliminate infiltration and also reduce heat 

transmission through the soil insulation effect. At a depth, soil 

temperatures respond only to seasonal changes and the changes occur 

after a long time delay. Fig. 8 shows how the amplitude of the mean 
30 temperature fluctuation decreases rapidly with depth. 

From a real experience of an underground office structure in New 

Jersy, designed by Malcolm Wells, the peak soil temperature fluctua-

tion is three months after the peak air temperature fluctuation. 

Therefore, when the winter's coldest temperature hit the underground 

structure, it will have almost no effect in the spring. 

In another experiment, a practical house was modified to place the 

second floor activities on the lower level which is six feet below 

ground. It can save energy of 23.1% of the total. If basement cons-

truction is not practical, earth can be bermed up to the height of 

conventional window sills. In this case 13.1% of energy can be saved. 

There are some problems with underground struture. The psycholo-

gical impact of the absence of a view and construction problems re-

lated to geology and underground water conditions are the drawbacks. 

A few studies have proved that psychological impact is insignificant 

in many situations such as libraries, museums, classrooms, labora-

tories, etc •• Designers should be encouraged to consider underground 

construction as an important design solution of energy conservation. 
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F. Building compactness 

" It has always been a matter of architectural 
faith that the compactness of buildings relates 
in a general way to initial cost and to a num-
ber of other variables such as ease of mainten-
ance, running costs, length of service runs and 
convenience of circulation. Hence it is believed 
that all other things being equal, a compact plan 
is a better solution than a sprawling one." 31 

32 Two simple methods of examining the compactness of buildings 

have been developed by the Building Performance Research Unit of 

University of Stratheclyde. One is the ratio between the total use-

ful area and the perimeter. The other is the ratio of mass compact-

ness (the ratio between the area of the curved surface of a hemisphere 

of volume equal to the volume of the building and the area of the ex-

ternal skin of the building.) These ratios have direct effects on 

construction cost and energy consumption. Figure 11 shows a theoret-

ical relationship of energy cost and ration of mass compactness. 

III. Variables of constructing buildings 

The variables of composing a building or buildings which have 

relation to energy conservation are: 

A. Roof and ceiling 

The thermal effects of roofs are determined by color, finishes, 

materials, location of insulation layer, ventilation and protecting 

devices. Heat transmission through the roof causes both cooling and 

heating load. In the summer, the heat absorbed by a roof surface 

works down toward the deck. Indoor heat in winter seeks to flow 

outward. The method of solving these problems should depend on the 
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climatic conditions. If the summer heat is a big burden, the roof 

construction will be emphasized in protecting against excessive 

heat by, 

1. reflection of solar radiation by white washing, 
2. increase in thermal resistance by layer of insulation 

materials. 
3. shading provided by wooden boards placed one inch 

above roof surface, 
4. cooling by water pond or sprayed roof, 
5. combination of those methods. 

To protect heat loss in winter, the roof structure will need good 

insulation and massive materials. The importance of roof design is 

not only the construction solutions discussed, but also integrating 

of roofs with passive or active solar design to utilize solar energy 

efficiently. The basic principles of passive solar design will be 

discussed in the latter sections. 

Ceilings have great effect on the thermal performance of roofs, 

depending on whether ceilings creat an enclosed air space or a ven-

tilated air space. When the same space is vented to the outdoor air, 

the ceiling becomes the principal barrier to heat gain and loss. 

The effect of roof deck can be substantially discounted. The advantage 

of vented ceiling is to reduce or prevent condensation. 

B. Walls 

The thermal performance of walls depends on orientation, surface 

color, thermal resistance and massiveness of the materials and 

shading devices. To solve the problem of excessive heat, the prin-

ciple of the air-cooled wall is useful. That is a reduction of the 

solar heat load by shading and vigourous air movement. 32 
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The effect of this design is to reduce the heat gain by shading 

devices and to creat a chimney effect that tends to keep the tem-

perature on the surface of the wall down to the outside air tem-

perature. Although the sun's heat has less effect on the walls 

than on the roof (because of the briefer impact of the sun), the wall 

are important in collecting and storing solar heat in passive design. 

An example is the Tromb wall which is a wall using massive materials 

to store solar heat. 

Walls are also an important building element that determines 

spatial and visual qualities. For instance, the invention of cur-

tain wall panels is one of the important features of modern archi-

tecture. The size and shape and the arrangement of walls are the 

major factors in design creation. The ratio of opaque walls to open~. 

ings is not only relevant to energy consumption but also associated 

with human psychological effect and aesthetics. The careful considera-

tion of the interrelationship among energy factors, human behaviors 

and aesthetic values in wall design is an important problem. 

C. Windows and glass 

The amount of glass area in the building is the most important 

factor affecting energy conservation. The use of glass and the ratio 

of glass to opaque wall area in a building has risen dramatically 

in the age of modern architecture. This trend of using glass, however, 

makes many of today's windows be mere architectural statements and 

have little to do with visual requirements or even comfort. 33 

"There has been little substantial research on how much and what 

kinds of glazing are most comfortable but we know that huge expanses 
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of windows donot necessarily improve a room. 1134 

Window glass and clear plate glass have very low values of thermal 

resistance and are almost completely transparent to heat radiation 

from the sun. Therefore, both heat loss and solar heat gain are the 

important thermal effects of windows. The extent, type, size, location 

and orientation of windows determine the transmission of natural light, 

the design of solar control and amount of heat transmission. 

The design problem of the window depends on the design situation: 

the need of view, lighting and comfort. For energy conservation, the 

window design should be considered to be a passive soalr device that 

provides heating in winter and cooling in summer. 

The glazing material has an effect on thermal performance of win-

dows. Several types of glass are relevent to energy conservation: 

1. Tinted glass is often used to reduce light levels and 
glare in a building and also can reduce solar transmission. 

2. Heat absorbing glass can absorb as much as 45 percent 
of solar energy. Combined with exterior shading devices, 
it can reduce solar heat load by 75 percent. 

3. Reflective metallic coatings can block any amount of 
solar heat and light and can increase glass thermal 
resistance by 26 percent. 

4. Double and triple glass can effectively reduce thermal 
transmission. The thermal resistance of double or triple 
paned glass is a function of the gap of an insulating 
air space between them. The thermal performance of glazing 
is also a function of wind velocity. 

Detailed informance on windows and glazing can be found in the 

book, Energy Conservation and Window Systems, by S. Berman. 

D. Solar control 

Shading device can effectively reduce solar heat load. They can 
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be divided into two categories: man-made elements such as rooler 

shade, venetian blind, canvas, overhang, eggcrate (Detailed infor-

mation can be found in Olgyay's book, Solar Control and Shading 

Devices, Princeton University), and natural elements such as deciduous 

and conifer trees (Refers to the book Landscape Planning for Energy 

Conservation). A method of solar control design developed by Olgyay 

employs the following procedure: 

1. Define the time when shading is needed, 
2. Determine the position of the sun when shading is needed, 
3. Determine the type and position of a shading device for 

overheated period, 
4. Evaluate the shading device. 

E. Ceiling height 

Reducing ceiling height has effects both on economy and energy 

conservation. It permits economy in materials and increase the 

number of stories in multi-story buildings. The thermal effect on 

the variation of ceiling height is not significant. At a ceiling 

temperature of 95 degrees, a four foot reduction in height results in 

a radiation load increase of 8 Btu/hr or a 2% increase in the over-

all cooling requirements. But the reduction of height can save a 
35 great deal of construction cost and decrease energy load. 

The conventional concept about ceiling height is associated 

with psychological effects, ventilation need and lighting levels. 

But in South Africa, Richards' theoretical analysis of the factors 

affecting the determination of ceiling height proved these factors 

to be insignificant. 36 



55 

1. Adquate overhead clearance in standing position only 
requires eight feet height. 

2. Persons easily become adjusted to a new environment 
with an initial period of psychological discomfort. 

3. The determining factor in natural lighting is the 
design of window which is not affected by ceiling 
height. 

4. Lowering the ceiling would have very little effect 
on acoustics. 

5. Ventilation is governed by the design of the openings. 

This experiemnt suggests that a lower ceiling is acceptable, 

but the determination of ceiling height is a complex design problem 

involving social, behavioral and cultural considerations. 

F. Material 

The selection of building materials affects the building's thermal 

performance. Two thermal characteristics should be considered in 

choice of materials. One is thermal resistance and the other is 

heat capacity. Considering the thermal resistance, there are three 

types of "insulators". First, air spaces are formed between struc-

tural components. Second, surface insulatvrs are primarily intended 

for use over the surfaces of structure such as coating, fabricated 

panels, light-weight aggregated concretes and calcium silicate. 

And third, internal insulators are designed to partially or wholly 

fill air spaces formed between structural components such as insula-

tion batts, blankets, formglass, fiberglass. Another property of 

any material is its heat capacity. It is an important characteristic 

when considering passive solar design. 
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G. Infiltration and ventilati.on 

Infiltration is one of the major factors in heat loss. With poor 

fitted windows, infiltration through window cracks can be as much as 

100 cubic feet per foot of crack per hour. And a well weather-stripped 

wood window admits only 25 cubic feet per foot crack per hour. 

Good weather-stripping can save heat loss up to more than 10% of 

the total heat load. 

Ventialtion is a benefit for summer cooling, evaporating moisture 

and providing fresh air. The two basic types of ventilation systems 

are natural and mechanical. The former is appropriate in small build-

ings and in houses. Design for natural ventilation must consider 

several factors: the building site, orientation, internal space or~ 

ganization, window design, etc •• 

H. Lighting 

The two kinds of lighting systems are natural and artificial. 

Natural lighting design is an important factor of aesthetic and com-

fort achievements. Large window area is not necessary for these 

qualities and is contrary to the principles of ene~gy conservation. 

The amount of natural light available to building users depends 

on the site condition, the size and location of the windows and sky-

lights, shape of the building (Fig.9) the position, shape and color 

of interior partitions, ceiling, floors and furnishings. 

Artificial lighting systems consume large amounts of energy. 

The present standard of lighting is too high and wastes energy. 

Just reducing foot-candel levels by one-third can reduce the en·ergy 
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consumption of lighting system by as much as 90 percent. 37 

The opportunities for saving energy in lighting design are through: 

1. Using high-efficient lamps such as fluorescent lamps, 

2. Designing lighting for the task and not for whole room, 

3. Separating switching systems. 

IV. Solar architectural design 

No matter how tight the building envelope is, the heat flow from 

building cannot be stopped. To maintain a comfort condition requires 

energy supply. Energy conscious design is different from conventional 

design in that it utilizes natural energy for supporting building energy 

needs. Solar architectural design can be divided into three types: 

active system, passive system and hybrid. The active system requires 

mechanical devices such as collectors, pumps and pipe systems. The pas~ 

sive system involves designing structure itself as a solar heat collector 

and storage by using proper materials and placing them at proper loca-

tions. The basic principles of passive solar design are to use high heat 

capacity materials to collect and store soalr energy and to use proper 

ventilation to transport heat to warm spaces. Tne entire building or 

various elements of the building (walls, roofs and windows) will be used 

as solar components. Because the concept can serve various purposes, 

(visibility, ventilation, natural illumination as well as heat collection) 

they become most valuable in building design. Passive solar design invol-

ves several design features such as: 
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A. For passive solar heating: 

green house, solar pond, tromb wall, massive floors, 

ceiling, solar windows, etc. 

B. For passive solar cooling 

solar chimney, massive roofs .and walls, solar pond, etc. 

The greenhouse serves as a secondary skin, effectively raising the 

temperature in the winter and lowering in the summer (if plants and 

shading devices are properly used) and as a passive solar collector. 
38 The design of a greenhouse should notice several rules: 

1. A south facing greenhouse makes the best passive solar 
collector. 

2. The wall between the greenhouse and the residential 
spaces must be insulated to control heat flow and to 
prevent overheating. 

3. Wall surfaces directly exposed to the sun should be 
dark-coloured. 

4. Insulated shutters allow the greenhouse to retain the 
heat collected after the sun has gone down. 

5. The distance from the exterior wall of the greenhouse 
to another object on the landscape should be at least 
2~ ·times the height of the wall. 

A solar pond can provide both effects of heating and coolign. 

The arrangement of a solar pond to be integral with the building struc-

ture would be an interesting design solution. 

The .. tromb wall and massive roofs, floors and ceilings are based on 

the principle of using high heat capacity materials to collect and store 

solar heat. A carefully designed vantilation system can transport heat 

from them and effectively warm the building. When using windows as solar 

collectors, it is necessary to calculate the heat gain and loss through 
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windows and to provide insulation devices to have efficient performance. 

A solar chimeny increases ventilstion for cooling in the sununer, 

because air movement follows the thermal rule (Refers to Givoni's book 

Man, Climate and Architecture, ch.13) 

V. Energy problems and other environmental factors 

The approach to energy problems should not ignore other environ-

mental factors, spatial performance or aesthetic values. Spatial perfor-

mance is associated with physical conditions of spaces and space size 

and shape. These factors have relation to energy and visual environments. 

The optimum spatial performance is "that which permits the designated 

activities to be carried out with maximum facility and with the minimum 

consumption of resources. 1139 The integrating of energy factors with 

spatial performance is necessary to achieve this optimum solution. 

Appropriate arrangements of building elements to compensate natural 

factors is often an acceptible criterion for aesthetic value. Therefore, 

energy design doesn't conflict with aesthetics. Many masterpieces of 

architectural design possess great aesthetic achievement by reason of 

their proper response to natural forces. 

The construction of a design problem needs to consider of three 

environmental subsystems simultaneously. For example, if a designer 

plans to apply a tromb wall in his design to collect soalr heat, then 

several questions arise: 

A. About energy: 

1. What is the optimum orientation of the tromb wall? 

2. Where is the proper location to place it? 
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3. What is the relationship among tromb wall, windows and 
the building structure? 

4. What is the capacity of heating that can be supplied 
by it? 

5. What should be the pattern of ventilation in order to 
transport the heat? 

B. About spatial performance: 

1. Does the tromb wall block the view? 

2. Does it affect activity? 

C. About aesthetic values: 

1. How is the outlook and its relation to the building? 

2. How can the shape and size be improved that can have 
better "form"? 

3. Is there any other solution which can have the same 
thermal effect but better "form"? 

By asking such questions, design concepts would be generated 

which would integrate energy factors into design solutions. 
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4.3. Developing Energy Design Criteria 

Malcolm Wells of New Jersy, an architect and conservationist, 

developed a rating system for evaluating building performance and 

its effects against natural environments. There are fifteen items 

in his consideration. His rating gives a wilderness a 100 percent 

score on each item. Thus a wilderness scores a high total of 1500. 

He found that a typical modern building obtains a positive rate only 

on the item of 'provides human habitation' and its total score is minus 
40 1025. A compatible design should at least rate a positive score. 

In considering energy conservation, a designer will be most inter-

ested i~ several of these criteria: use and storage of solar energy, 

human habitation, maintenance, natural resources and aesthetics. 

These criteria are associated with four design forces. For instance, 

the use and storage of solar energy and maintenance are relevant to 

energy, human habitation is associated with activity and spatial stand-

ards, and the rest can refer to the site conditions. Based on this 

concept, energy design criteria can be established: 

A. The first criterion is the standard of s~atial conditions. 

U.S. General Service Administration has suggested a set of design 

criteria for office buildings. It is also useful for residential and 

commercial building design: 

1. Humidity 
2. Temperature 
3. Air movement 
4. Ventilation 
5. Illumination 

20% in winter, 65% in summer 
68 degrees in winter, 78 degrees in summer_ 
refers to ASHRAE recommendation 
5 cfm/capita 
desk tops 50 csi 
lounge 12-18 raw foot candles 
kitchen 50 raw foot candles 
toilet 20 raw foot candles 
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B. The second design criterion is the building structure standard. 

The ASHRAE Standard 90-75, Energy Conservation in New Building 

Design, has suggested a standard of building structure in terms of 

insulation. As indicated in the document, this standrad is to provide 

design requirements which are directed toward the design of building 

envelope with adeguate thermal resistance, low air leakage and selec-

tion of mechanical, electrical, service and illumination systems and 

requirements which will improve utilization of energy in new building. 

The criteria of the ASHRAE Standard is a minimum requirement. Good 

energy design should go beyond that. 

C. The third criterion is associated with solar energy design. 

It is generally true that the sun provides more energy than we need. 

The only problem is how we can use it economically. This criterion is 

established with two categories: energy collection for underheated 

periods, and solar control during overheated periods. 

D. The fourth-criterion is the concept of energy budgets. 

Energy budgets attempt to conserve energy in building by setting a 

specific amount of energy that a building would be permitted to consume. 

An advantage of this approach is that it permits great flexibility 

for how specific building material, components and subsystems are 

integrated into the final building. The largest task ahead with this 

concept is establishing the budgets since the energy consumption in a 
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building is affected by many factors including building type, size, 

location and operating practices. 41 Two states, Ohio and California, 

have considered to adopte this concept in their legislations. 

4.4. Investigating Sub-solutions 

In the energy design method, one step ahead of synthesis of design 

alternatives is the investigation of sub-solutions. The problem of each 

of the three environments involved in design considerations have differ-

ent characteristics. To fully understand them and to investigate sub-

solutions is necessary to avoid oversight. The opportunities for energy 

conservation are based on several design consideration: 

1. Orientation and siting, 
2. Building shape, 
3. Envelore design, 
4. Solar control, 
5. Radiation of glazed area and glazing material, 
6. Exposure to the wind, 
7. Thermal mass or earth roof, 
8. Internal and external insulation, 
9. Solar energy collection, 
10. High-efficient building systems, 
11. Natural lighting, 
12, Multi-use occupancy, 
13. Minimum requirements of spatial standard. 

The following lists will provide some energy conservation opportun-

ities for a residential building. 

A. At the planning stage: 

1. Several rooms grouped as a buffer and located at the 
north wall reduces heat loss. 

2. Increased density of occupants reduces overall size 
of the building. 

3. Lowering ceiling height reduces the exposed surface 
area and the enclosed volume. 
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4. Grouping spaces which have similiar function or occu-
pancy schedule can provide easy control of building systems. 

B. At the design stage: 

1. Ponds, water fountains reduce ambient air temperature. 

2. Shade walls and paved areas reduce indoor and outdoor 
temperature difference. 

3. Utilize sloping site to partially bury building or use 
earth berms to reduce infiltration and heat transmission. 

4. Select site that allows optimum orientation and configura-
tion to minimize energy consumption. 

5. Locate building on site to induce air flow. 

6. Locate building to minimize wind effects on external surfaces. 

7. Use tree for solar control and wind break. 

8. Plan. building configuration and wall arrangements to provide 
self-shading and wind break. 

9. Locate entrance on downward from wind and provide wind break. 

10. Orient building to have the greatest heat gain in the winter. 

C. At the construction stage: 

1. Use high insulation materials. 

2. Avoid cracks and joints to reduce infiltration. 

3. Provide textured finish to external surface to increase 
external film coefficiency. 

4. Use proper colours for finishes. 

5. Reduce infiltration by: 
reducing building height, 
using impermeable exterior surface material, 
providing good weather-stripping, 
providing wind break. 

6. Improve window thermal performance by: 
Using double glazing and proper solar control devices, 
Using operable thermal shutters to decreas the heat loss. 
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4.5. A Systematic Process of Developing Alternative Solutions 

The developing of alternative solutions is a stage of design 

creation. The creation usually can be achieved through four sources 

(or means) analogous, typological, pragmatic and syntactic design. 

These activities operate in designers' mind as "black box" or "glass 

box".42 No matter how they operate, the careful analysis of the problem 

and the associated factors will enhance the design creation. The energy 

conscious design considers natural forces as equal important as huamn 

factors in the design approaches. As discussed in the previous sections, 

the natural forces include the site conditions and the climatic factors. 

They will determine the design problems, provide opportunities of design 

solutions and evaluate alternatives. These considerations will be proceed-

ed parallel to the conventional design concerns of human factors and te-

chnological solutions. Figure 10 shows a general diagram of this approach. 

This method will provide a flexible application for the conventional 

designers in considering energy conservation. The critical parts of this 

approach, however, will be the analysis of problem structure and the 

developing alternative solutions. These steps integrate energy factors 

with other environmental considerations and creat an optimum solution. 
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CHAPTER FIVE 

EVALUATION OF ENERGY CONSCIOUS DESIGN 

5.0. Evaluation and Decision-making 

43 Designing can be viewed as a decision process. It consists of 

two distinct phases: 

1. The development of alternative solutions, and 

2. The selection among them. 

The former, which is composed of exploring the design situation, analyz-

ing the design problem and developing alternative solutions, has been 

discussed in the previous chapter. These activities are the primary 

concerns in designing. However, each of them in turn involves a pro-

cess of decision-making itself. The process of decision-making is simi-

liar to the process of thinking. John Dewey proposed a five-step proce-

dures of thinking: 44 

1. The occurrence of a difficulty, 
2. Definition of the difficulty, 
3. Occurrence of a suggested explanation or possible solution, 
4. The rational elaboration of an idea, 
5. Corroboration of an idea and formation of a concluding belief. 

This process explains that every action involves a sequence of thinking 

and decision. Design activities are composed of several mental actions. 

Thus, a designer would already make a series of decisions in his mind 

before a solution is reached. Thus, he often neglected the need and 

the importance of the evaluation. Although this negligence wouldn't 

cause much difference in a simple action; the complexity of energy con-

scious design as is proposed in this thesis would require careful evalua-

69 
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tion at all stages in order to achieve an optimum solution. 

Barclay suggests that decision-making starts from the statement 

of the problem, converges through decision criteria and finally leads 

to a set of recommendations. 45 The establishment of decision criteria, 

which is critical for decision-making, has two sources: the probability 
46 and the desirability of the outcome. The former is determined by the 

prediction system and the latter is dependent upon the value systems of 

the designer and the users. The significant features in decision-making 

are the data, predicting system, value system, criteria and reconnnenda-

tion. 

The decision criteria of energy conscious design include three 

environmental factors: the energy, the spatial performance and the aes-

thetics. The energy criteria are based on the amount of building energy 

load. (See section 4.3.) The criteria of the spatial performance are 

associated with the quality and quantity of spaces and their organiza-

tion. The aesthetic criteria are non-quantitative value and are of ten 

difficult to make an evaluation rationally on it. 

5.1. Strategy of the ~nergy Evaluation 

Before discussing the details of selectjng from design alternatives 

based on these three criteria, it is necessary to understand how a 

designer approaches his problem. Generally, there are two modes of opera-

tion that are applied by an architectural designer in his problem-solv-

ing. The first type emphasizes the inside of the building envelope and 

its spatial performance. It primarily concerns itself with functional 

requirements and space organization, and is therefore called the 'func-
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tional appraoch.' This appraoch is ussually adopted in function oriented 

design problems such as hospital design or industrial buildings. 

The second mode is called 'environmental approach', which incorporates 

the environmental factors and their effects on architectural arrange-

ments in the design process. It is ususlly applied to an urban develop-

ment which has close relationship with its surroundings or a site with 

a distinct characteristic such as waterfall or steep slope. 

Typological and pragmatic designs are associated with the functional 

appraoch. Analogous and syntactic design are a part of the environmental 

approach. These activities can be percieved as the actions of the dyna-

mic balance between human activities and the environments. Each of them 

however, has different emphasis and concerns. 

Thomas w. Maver proposes a decision-making mechanism which is based 

on the interaction between activity system and environmental system, and 

which also takes account of the analysis of cost and benefit. 47 This 

evaluation model follows "a series of simultaneous evaluation" of spatial 

performance and cost of maintenance. Maver considers that design synthe-

sis is based on users requirements; evaluation can thus be approached 

in terms of performance and cost. The former may include the variety 

of activity and space standards for these activities while the latter 

is comprised of the cost of construction and maintenance. 

Since both the change of the mode of design approach and the means 

of design creation dictate different concerns, the strategy of design 

evaluation may also be varied. For example, the analogous design might 

consider the building form and aesthetic value as a major factor of 

decision-making. Nevertheless, Maver's two evaluation criteria, i.e., 
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performance and cost, should be considered in any design situation. 

The cost of maintenance which also means the need of energy supply, 

is an important basis of energy evaluation. An evaluation program of 

energy design needs to analyze the aesthetic criteria and the spatial 

performance in terms of energy load. 

5.2. Existing Programs of the Energy Evaluation 

Several methods have been designed as an aid in the evaluation of 

building thermal performance. First, the "National Bureau of Standard 

Load Determination Program" (NBSLD) is capable of simulating the dyna-

mic thermal behavior of a building. The input includes data on weather, 

building and operating schedule, and the output is in the form of a 

daily, weekly, monthly or yearly heat loss and gain, indoor temperature, 

and the relative humidity of each building space or zone. 48 

This program is capable of analyzing the theraml performance of 

each individual space and simulating different conditions of operating 

standard in terms of energy load. However, it is bassically an engineer-

ing approach to energy conservation. The engineering approach, searching 

for energy conservation solutions by mechanical means and construction 

methods, is not easy to apply by a designer in design evaluation. 

The second energy evaluation program worth mentioning is the 

UWENSOL program which is developed at the University of Washington in 

Seattle. 49 This program is designed to help designer to evaluate the 

energy efficiencies of alternative building designs. It responses to 

a need for a simulation program that can analyze "the dynamic thermal 
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response of building resulting from multiple and var 

heat production or the room to room heat transfer 
50 localized sources." The UWENSOL has been used as a 

a project of mental health care facilities in the state of ~~ 

In this project, the program was applied to evaluate the design alt~. 

natives in terms of energy load. The evaluation followed the following 

procedure: 

1. To identify the thermal performance of alternatives by: 
a. establishing common materials for the building envelope, 
b. using similiar occupancy and equipment use schedule, 
c. maintaining a fixed air temperature of 75 degrees inside 

the buildings. 

2. After identifying the best scheme in terms of thermal perfor-
mance, then to further evaluate the building material of it 
to control heat flow by comparing the effects of variation 
of the thickness and quantity of the massiveness of envelope. 

The UWENSOL has an advantage over the NBSLD in that it includes 
51 the 'Shapefactor' in the evaluation of the thermal performance of 

design schemes and it provides designers the basis of comparing build-

ing shapes in terms of thermal effects. However, a design scheme of 

good thermal performance is not necessarily a laudable design solution 

judging from other criteria. The UWENSOL has a weakness that it would 

discard other alternatives without first comparing the environmental 

factors and their effects on thermal performance. 

5.3. Suggestions for Energy Evaluation 

A three-stage evaluation model incorporating the depth of the 

designer's concern in energy problems is outlined as a contribution 

to energy conscious environmental design. 
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I. The first stage is considered a manaatory requirement for any 

designer. As discussed in section 4.3., there is an increasing con-

cern on the part of public and the legislature about the minimum 

standard of building insulation and energy load. The ASHRAE Standard 

90-75 and the concept of energy budget have been adopted in the build-

ing codes of several states. These standards will be viewed as the 

threshold of design acceptibility and architectural design must ful-

fill these requirements. The method of design evaluation in this stage 

are: 

1. The designer is required to calculate the U (or R) values of 

walls, roofs and floors in order to satisfy the insulation 

requirements of building codes (Refers to the ASHRAE Standard 

90-75). 

2. If legislation adopts the concept of energy budget, a designer 

is then required to estimate the building energy loads. This 

estimation can follow the conventional method of calculation 

heating and cooling load. 

II. The second stage is the economic evaluation. The reduction of 

energy loads means also the reduction of the maintenance cost. The cost 

of maintenance is one of the design criteria of Maver's evaluation 

mechanism. Having had fulfilled the requirements of the first stage, 

it is appropriate to advance the analysis of energy load OL design 

alternatives by conservation techniques. These energy load reduction 

techniques include the use of vegetation, window shading devices, insu-

lation materials, earth berms, etc .• The analysis of cost-and-benefit 
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and payback period will provide the designers with a frame of refer-

ence in the effectiveness of these features. Conventional thermal 

calculation methods are appropriate in this analysis. 

III. The third stage is the evaluation of energy conscious design. 

The first two methods respect the conventional attitude of architectural 

design. They provide modifiers for conventional design solutions in 

order to improve energy efficiency. These methods however donot incor-

porate natural forces in the design synthesis involving primarily 

building performance and human factors. Energy conscious design involves 

active concern about natural forces. Its evaluation program therefore, 

should cover not only the building construction standards but also the 

environmental factors such as site conditions, human activities and 

aesthetic values. In order to achieve an effective evaluation program 

several characteristics have to be considered~ 

1. The program should be easily understood and communicated to 

non-technically trained designers. 

2. It should be capable of analyzing the natural forces and 

their effects on building performance and energy conservation. 

3. It should be capable of analyzing the spatial performance 

and aesthetic criteria in terms of their thermal effects. 

4. It should be capable of analyzing the thermal effects of build-

ing components. 

An apparent difficulty of this program is the establishment of 

appropriate relationships between energy consumption and the non-quanti-

tative variables in the areas of human factors and aesthetic values. 
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Energy criteria can obviously be expressed in terms of quantity of 

energy required. Spatial performance involves the physical and non-

physical elements such as the level of lighting, room temperature, 

humidity, the accomodated activities, the integration of social or 

cultural spaces and the potential of flexibility. The Building Perfor-

mance Research Unit of the University of Strathclyde has suggested a 

concept of building compactness, (which is associated with space 

size and shape) as an index for evaluating spatial performance in 

f h f . d . 52 h" terms o t e costs o maintenance an construction. T is concept 

could be a possible solution in bridging the gap between energy criteria 

and building performance criteria. 

The aesthetic criteria is by far the most difficult to evaluate 

in terms of energy design. However, the elements of aesthetic appre-

ciation are the three dimensional form and its relationship with the 

total context. The building form can be analyzed in terms of building 

components such as roofs, walls and openings. The calcualtion of ther-

mal effects of these components will certainly provide the designer a 

useful reference in making decisions about aesthetic value. 



CHAPTER SIX 

CONCLUSION 

6.0. The Pre-technological Design Approach 

The Industrial Revolution was the boundary between human attitudes 

toward the natural environments, "to adapt" or "to overcome". Before the 

modern technology was available to provide the convenient means for 

compensating the natural forces, the ancient builders had to carefully 

consider these forces and their effects on human habitation. The Eskimo 

Igloo, the Pueblo Indians' houses and the Japanese traditional house 

were the examples of human adaptation to natural. These design solutions 

were accomplished through designers' efforts of incorporating activities 

and thoughts of communities with natural environments·. 

These actions maintained a harmony relationship between human and nature. 

Figure 11 shows a design approach of pre-technology • 

6.1. The Post-technological Design Approach 

The modern technology provides human beings with mechanical powers 

which extend human ability to control the natural environments. These 

powers broke the balanced relationship between human and the nature. The 

using of natural energy, however, not only improves the living standards 

but also extends the range of human activities. The amount of natural 

energy consumption has become an index of achievements of civilization. 

The higher energy consumption, the more progressive of civilization. 

This trend altered designers'concerns and attitudes about natural environ-
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ments. The present design actions intend to use natural energy and 

resources to overcome the natural environment (Fig. 12). These actions 

have induced serious environmental problems and energy crisis. 

To solve these problems is an urgent need for the future survival 

of human civilization. 

6.2. The Future Prospect 

The energy crisis didn't really begin with the oil embargo of 

1972 but started with human manners of using energy, e.g. the burning 

of the precious and finite fossil energy for heating spaces and unnece-

ssary traveling. Architectural design is a humanistic action. The design 

Profession is influenced and supported by technologies and communities. 

Modern technology and civilization are founded on the supplies of 

natural energy and resources. The energy crisis, therefore, will alter 

the activities and organizations of future communities. For example., 

the present structure of suburb, which is dependent on the vast using 

of motor vehicles, will need fundamental changes in order to save 

energy. These changes are not to be achieved by slowing down the pre-

sent activities or by returning the civilization to the pre-technologi-

cal status. Thus, the pre-technological design approach is not appli-

cable to future needs. The future design consideration should include 

the environmental factors of: 
Human 

Nature 

Energy 

Technology 



NATURAL 

ENERGY 

-tools 
-material 
-technology 

80 

DESIGN 
controls on 
FORM 

building 
elements 
and 

systems 

Non-physical forces 
-human thoughts 
-human desires 

SOLUTIO 

DESIGN RESPONSE 

Figure 12. Post-technological Design Approach 
(Adopting from Prof. Robert Chiang, Christopher Gordon 
and Paul Kao, "Active Architecture") 



81 

This design is required to incorporate the application of technology 

and the action of adaptation to the natural environment. The purpose of 

this approach aims at a human-and-nature balanced environment which 

will effectively and efficiently utilize natural forces to support 

human activities. The application of technology to architectural design 

leads to the use of high efficient active systems and to draw solar 

energy or other natural powers into buildings. The action of adaptation 

to the natural environment intends to avoid negative influences of 

the nature on human habitation and to take advantage of its positive 

effects passively. 

This thesis has developed a general approach of designing with 

energy. The total design approach (Fig. 13), as is proposed in this 

thesis, intends to induce an innovation of attitudes and methods of 

the architectural design profession. This innovation would be achieved 

through: 

1. Understanding the economic purpose for architectural 
consideration related to the cost of maintenance and 
energy conservation. 

2. Identifying the significance of natural forces 
and elements and their relationships to human 
habitation. 

3. Incorporating physical/non-physical and human/natural 
factors into problem structure and design solutions. 

4. Evaluating design alternatives through the simultaneous 
considerations of energy, natural and human criteria 
in order to achieve optimum and humanistic solution. 

One of the greatest problems in this innovation is the lack of 

sufficient knowledge of interactions among natural, human and energy 

systems. Also, the attitudes of communities are not ready to accept 



82 

I 
------ -- ------------,I:,-

1 I 

NATURAL 
ENERGY 

-tools 
-materials 
-technology 

controls 
on 

FORM 

building 
elements 
and 

I 

I 
' I 
I I 
i: I 
I, I 
i' 

ARC 1-Jr!fnECT URE 
I 1 I 

SCf1FION 

1 11 

! 11 

I! I Ii I 
I I 
I I 
I I 
I I 

I 

NON 
control I able 
FORCES 

-seasonal 
weather 

-geology 
-topography 

-climatic 

-site 
conditions 

____________ __J L _____ _ 

Figure 13. 

AjA 

Total Design Approach 
(Adopting from Prof. Robert Chiang, Christopher Gordon 
and Paul Kao, "Active Architecture") 



83 

a new life-style which is necessary to support a profession's innova-

tion. To solve these problems, further research should proceed to 

address to these topical areas: 

1. Community education of energy-conscious habitation. 

2. The knowledge of the interactions among energy, human 

activities and other environmental factors. 

3. The technologies of utilizing solar energy and other 

natural forces in support of human habitation. 

4. An energy evaluation program for selecting optimum solutions. 
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A NOTATION OF ENERGY CONSCIOUS DESIGN 

An Architecture Approach to Energy Conservation 

By 

Paul Tien Kao 

(Abstract) 

The energy crisis begins with human manners of using natural 

energy and his attitude toward the natural environment. The most 

effective actions of energy conservation in building design do not 

lie in engineering oriented solutions but are in the effort in design-

ing with nature. Based on this belief, this thesis intends to inves-

tigate the potential of energy conservation in building and its 

relationship with architectural design. 

The purpose of this thesis is to develop a systematic method 

for designers to deal with energy problems. This method incorporates 

natural forces with human factors and aesthetic values in a syste-

matic design approach of (1) exploring design situation, (2) analyz-

ing the problem structure, (3) identifying design criteria, (4) inves-

tigating sub-solutions, (5) developing alternative solutions, and 

(6) evaluating and decision-making. Although it is an articulated 

approach, enough flexibility has been built in it so that the conven-

tional designers may apply it in their design works. Nevertheless, 

it is believed that the greater benefit of this method can be achieved 

through a holistic attention to the proposed process. 
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