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PREFACE 

As an american citizen I wss born, like so many, into a fairly affluent community. Naturally, 

because of my family's lifestyle and the lifestyle of my society, I have no experienced understanding 

as to what poverty really is or of what an insufficiency of the material means of life consists. Even 

though I am exposed to the visual images of starving children and homeless families, I still am 

unable to adequately comprehend the subjective meaning of poverty. For this reason, I find it 

necessary to mature in my perception of life and to endeavor to understand more sensitively the way 

of life of the poor. My passive interest in the poor people of the world has found transition to an 

active pursuit of understanding. With this frame of mind, I hope to grow Into a greater 

enlightenment of the world around me as I commit myself to one day be a servant in creating a better 

future for the people in a developing country where 1 will serve as an architect. My highest 

aspiration in Hfe is to be instrumental in bringing faith, hope, and light whereever I ma/ have the 

privelege of being. 



INTENT 

Today 18m learning to be better prepared for the experiences of tomorrow, experiences that I 

have dreamed about for many years; a dream that has taken on shape and form through pursuit; a 

dream that provides meaning In my life; a dream that is inspired by my Lord and God; a dream to 

provide where there is need. My dream is to serve amongst the impoverished people of this world; 

amongst the Third World nations (and possibly the Fourth World) that make up the greater portion 

of today's world population. 

My intent in writing this thesis is primarily to research and explore the problems within Third 

World countries through the use of documented materials. My hope is to provide myself with an 

adequate framework of understanding from which 1 may draw upon and to sufficiently prepare 

myself to work amongst the impoverished with my knowledge and skills in architecture and 

appropriate technology. I will write primarily from a learned perspective with very little actual 

experience in the Third World and because of this fact, I expect that the ideological thought expressed 

here will be molded and matured by future thought which 1 will gain through actual personmal 

experience. I believe that if I am to perform to the best of my ability in a Third World setting, I 

must have an insightful understanding of the target society as a whole and I must recognize the forces 

and patterns that are determinants of that society. For this reason i have relied heavily upon the 

insight of those who have committed their lives and efforts in aiding the poor; whose words and 

writings have communicated the thought and process of their Involvement; and whose inspiration, to 

want to make a difference, has given a firm basis from which to prepare and learn about Third World 

problems and their possible solutions. In this thesis 1 will explore the various aspects involved 

within the context of Third World communities where poverty Is a way of life. 



INTRODUCTION 

r 

For the reader of this thesis, I feel It necessary to provide you with a clearer understanding of the 

significance and perameters of this work above that which you can see in the table of contents. In the 

time that I have spent researching my thesis, I was able to deal with a a good variety of material and 

thought. This time was spent In preperatlon for the second part of my thesis which will take place in 

a Third World setting, namely Mexico. I have chosen to do this second part over the period of a year 

for obvious reasons of language and cultural acclimation. My intentions for my time in Mexico are to 

spend the first part of the excursion just observing and making an inventory of the architecture and 

socio-cultures primarily amongst the peasant people. For the second part of my time there, I hope 

to actually carry out a project on the scale of a small clinic or 8n orphanage. I will hopefully locate 

this project during the first part of the excursion. As for the written material that I have prepared 

in this book, my intention is to try and convey to the reader a general view of the understanding that 

I have reached from my study, research and reflection. I have found it necessary to introduce the 

reader somewhat to my intentions, as this thesis is a part of those intentions which I have for my 

career as an architect. In the PRELUDE part of the book, I am trying to convey as accurate a picture 

of the world that I possibly can, using a broad perspective of the world in its context today. Then, I 

have put together a FRAMEWORK of understanding where I have arrived at some comparisons as well 

as some conclusions to various situations in the Third World. I have not included every possible 

consideration by any means, but I have mentioned those considerations which I have feel are of 

Importance. The framework is in a somewhat disjointed format, which was my intention, but I 

believe that as you read through the various categories, you will see a very definite 

inter-relationship between each different aspect. I have denoted each category by a key word, 

however, I have included within the context of the varying categories those aspects which cannot be 

pulled out and isolated quite so easily, such as economics. Therefore, you will see its role throughout 

many different categories. I have also summarized the work of two archiects who have performed 

design work in Third World countries in the CASE STUDIES section. Hassan Fathy, my first C8se 

study, has provided me with much inspiration and insight. I have also included a brief synopsis of 

some of the APPROPRIATE TECHNOLOGIES which I have studied. A great deal of what I have written, 

I realize, is over simplified, yet I hope to bring to light through this work some of the simple truths 

which will be my initial governing agent in the work that I will perform in the Third World. 



PRELUDE 

People of today live in a world with its corners almost literally seperated by thousands of years 

and many 'primitive societies' existing today live as in a historic age, yet do so under the vapor 

trails of jets and the orbit of space ships in the heavens. 

When we think about world history in its entirity, what do we see? Does the transition of the 

earth's population seem to suggest anything? In the year 1650 the world's population was at 510 

million people; in 1750 the population reached 710 million. Thus in 100 years the world 

population grew by 200 million people. This growth was a substantial percentage at that time, yet 

when we compare its actual numbers to today we see a vast difference. In 1950 world population 

was at 2,510 million and by 1978 the population reached 4,219 million. Thus In 28 short years 

the population nearly doubled, a much higher percentage than the 100 years between 1650 and 

1750.1 Thus the rate of population growth h8s escalated, and when we look at the actual figures we 

are overwhelmed by the findings. The population increased by 1,709 million people in the 28 

years between 1950 and 1978. This growth alone is greater than the entire world population in the 

year 1900. At the present rate, the population will double Itself every 35-40 years if control is 

not gained. The demands upon the world's resources are increasing with each passing day, and it is 

no wonder that we have great famine and poverty in the world today, as well as wars over oil and 

tillable land. We cannot continue to suck up the world resources at the present rate or we will never 

last. We must begin to conserve our resources through our lifestyles and the demand that we 

personally place on these exhaustable resources. (SEE FIGURE 1 - GRAPH OF THE WORLD 

POPULATION GROWTH) 

Throughout history man has lived in a world made up of the rich and the poor. Poverty has 

always co-existed with wealth and yet like never before, we now face world problems which are 

unique to our age. The rich and the poor still live side by side (and I am sure that they always will) 

but the world population is to a point where many experts feel that we cannot support the demand 

that man places upon the natural resources of our earth. The other factor which is unique to our age 

is that we live in an era of nuclear power, an awesome power with the potential of total global 

destruction. In seeing these factors, it is important to realize our duty to serve in any way that we 

l 
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are naturally able In order to bring about a positive resolution to the very real problems of the 

world that we shore. 

in taking a hard look at the world situation of today, we begin to find statistical evidence that 

shows the gap between the rich and the poor to be widening. Economists tell us that eighty-three 

percent of the world's total income Is produced by less than thirty-three percent of its population 

and seventy percent of the world population subsists on only twenty percent of the world's income, 

it appears that the distribution of the world's income and resources are grossly unequal. Economists 

also tell us that the extent of poverty depends upon (1) the average level of national Income and (2) 

the degree of inequality in its distribution.2 A 1980 concensus tells us that forty percent of the 

world's population suffer from absolute poverty. This means that 1.1 billion people in the world are 

able to maintain only the bare minimum level of living in sustaining life. Many do not even reach 

this level. 

The world today has been subdivided Into different realms which are distinguished by the levels to 

which these countries are developed. If we compare populations of the more developed nations and 

the developing nations we will observe that two-thirds of the world population live in the Third 

World. Common characteristics of developing countries are (1) slow growth of the national 

1ncome;(2) low gross national product; (3) poor income distribution; (4) high absolute poverty; 

(5) poor health conditions from malnutrition and disease; (6) poor education; (7) high birth and 

death rates; (8) fifty percent of the population being children under the age of 15; (9) high levels 

of underemployment (people working less than they could) and unemployment; (10) low levels of 

technology; (11) excessive exploitation; (12) low levels of living; and (13) dependency upon 

richer nations. 

Geographically, the Third World can be considered as those nations (although not all) lying below 

the equator. Due to this fact, the "South" Is used synomynously with the "Third World" or the 

"Developing Nations". In using these terms, however, we cannot generalize or categorize into one the 

individual and distinct characteristics and natures of these nations, for there exist such widely 

diverse histories 8nd cultures, economic structures and political orientations. Truely, the 

differences sre vast between these nations, yet it can be concluded that the greater portion of the 

world's poor people do In fact live In the southern hemisphere and do share common characteristics 

in their poverty. The economic level seems to be the greatest determinant of the countries status and 



the variance is great from one nation to another. (SEE FIGURE 2 - WORLD MAP) 

The bleakest countries in the world economically, those that have seen little or no change in their 

economic statis are said to be one step lower than the Third World nations, ie Fourth World nations. 

These countries are considered the "basket cases" of the world where we see the extreme 

manifestations of poverty and gross hunger. It is important to understand from our limited 

perspective that there is a spectrum, and on this spectrum there are shades of color (poverty) 

where no one point is like another. 

Since poverty proves itself to be such a relative condition from one society to the next, it is very 

difficult to find an adequate definition to describe it overall. However, we may look at three types of 

poverty to better define its varity. First, Collective Poverty is a more or less permanent 

insufficiency of the material means of life for an entire population due to limited economic 

resources. Entire regions such as India and North Africa, as well as the lower income groups in the 

prosperous countries of the West fall into this category... Secondly, there is Cyclical Poverty, 

which is widespread but temporary deprivation occuring because of crop failure in an agricultural 

economy or a break down of trade in a commercial economy or an overproduction in an industrial 

economy (Cyclic Poverty implies the recurrence of famine and mass unemployment)... Thirdly, 

Individual Poverty is a condition of want which results from individual misfortunes or incapacity . 

. .The people that would fall under this type of poverty are widows and orphans, victims of accident 

or failure, the workers of idle villages and the workers of bankrupt enterprises, the criminals and 

the outcasts, the lame, the blind, the mentally abnormal and the mentally deficient, the drunks and 

drug addicts, the sick and the aged, etc.3 Individual poverty can be found in any society or any 

country in the world for it is not bound as the other types. 



LEVEL OF INVOLVEMENT 

In stark view of the facts concerning poverty-stricken nations we can see that the situation for 

one working amongst the impoverished may not necessarily be an idea) one. Yet in spite of the 

desperation of the people, an architect, or for that matter any professional who opts to work 

amongst the impoverished, must make a decision as to his or her depth of involvement in the lives of 

these people. Looking at these masses of need/ people is overwhelming and the actual figures are 

quite impressive, yet there must be a conscious decision whether the people will be seen as having 

individual needs or whether they should be approached in their masses without dealing with each 

individual. Governmental organizations that are commissioned to provide a living environment for 

the poor (ie governmental housing projects) are under strict regulations where the bureaucracy 

dictates what the results should be. There is no time for the necessary consultation to form a firm 

basis of understanding from which to design this environment and consequently gross mistakes and 

unfortunate decisions are carried out in building a habitat that is not suited for the needs of the 

people. Why must the poor be looked at always as being completely ignorant? Do we even attempt to 

understand their predicament? Why can't we look deeper into a situation from the grassroots level 

to find the base of the problem, the reasons why poverty exists? Every time the "band-aid" type of 

aid is given, the real problem is only covered from view and actually festers even more to become a 

graver situation. Governmental agencies by nature deal with the masses and not the people on an 

individual basis. How can one housing scheme be functionally and esthetically right for thousands of 

people? Yet. this is all too often done creating highly modular and aesthetically displeasing human 

slums. Therefore, we see that it must be a conscious decision by an architect or another professional 

as to how he or she will become involved and to what level. 

Depending upon the various approaches of how a professional might choose to work amongst an 

impoverished people, there will be both sacrifices and blessings. To work for the agencies or 

government that takes the non-personal approach to the masses of people is in essence a denial of the 

people, although it will probably provide for a secure paying position. On the other end of the 

spectrum , a professional could work amongst the peasant people on the grassroots level. This 

approach I believe takes a greater sense of self-denial and yet I believe that this approach is the 

superior means in which to deal adequately with the variety of individual needs. I see that the this 

approach is much more along the lines of Jesus' message: you must give up your life in order that 

you ma/ have new life. By living amongst these people, an architect can begin to truely understand 



more naturally the needs of the people; the poverty that exists; and the ways inwhich that poverty 

might be ultimately overcome. This attitude has a much better opportunity of gaining the people's 

trust, and with this trust will grow cooperation, and with this cooperation there will be fruitful 

results. 



FRAMEWORK 

The Need for Indepth Analytical Surveys 

Architectural programming is a vital part of the design process in that it lays the foundational 

criteria from which to design. It provides the necessary information to lead the designer towards the 

selected target and it manifests an understanding of the stated problem, it is compiled to provide the 

backbone to the design process. 

In perspective of the needs in the Third World, one must undertake a similiar approach to the 

programming process in order to adequately understand the problems at hand. An indepth analytical 

survey is needed to provide a sort of program from which to better comprehend the realm of 

circumstances and situations. This survey would involve varying aspects of the society at hand 

including its economic standing, its architectural language, world views, sociological patterns, 

religeons, level of technologies, governing system, traditions, etc. as well as stating its problems 

and needs within their proper context. The analytical survey is to provide a framework from which 

to approach a given problem and to set targets towards which the society can work towards. All too 

often the western oriented professional enters into a design problem in a Third World nation and that 

professional exercises little or no understanding of the culture which he or she serves. When a 

western-oriented architect developes a program in his or her own country, that program usually 

assumes the culture to which it belongs in an unwritten manner. However, when crossing cultural 

boundries, those assumptions cannot and must not be made. To plan without knowledge of that 

culture Is to invite sure disaster. Therefore, we must not understate the need for the analytical 

survey which will become the guiding light which designers (cross-cultural especially) will use as 

their manual to achieve their goals. 



Prioritizing Human Needs 

Throughout the course of history the world has seen billions of people die from the lack of very 

basic human physical needs. Perhaps it has always been accepted that famine continues to ravage the 

world due to droughts and floods. Statistic after statistic shows that nature has been the evil one, the 

cause of mass destruction of people's lives and resources due to uncontrollable forces, forces that 

snatch away food and fresh water along with any lives in their paths. Droughts and floods will 

always exist on the face of the earth. We have no say in the continual natural phenomenon that will 

occur. However, through the centuries man in the evolution of his thought process has discovered 

many ingenious ways of protecting himself against the vagary of nature (architecture has served 

well in this role). For this reason, civilizations have been able to survive disasterous natural 

events that would have otherwise proven fatal. Yet, there are nations that do not have, for a variety 

of reasons, the protection and means to survive an event of natural destruction, thus resulting in the 

loss of innumerable lives. Therefore, when we hear of widespread famine, the first question we 

should ask is not, "what terrible natural event caused it?" but, "why wasn't that society able to cope 

with the bad fortune?".. ."why is it that one country can suffer natural disasters and have no deaths 

and another have millions of deaths?'"** 

The Third World and especially the Fourth World are experiencing what we might term as "a lack 

of the essential necessities." Yet, with all of the technology and modernization that has taken place, 

we have not accomplished a great deal in terms of providing for the poor. The modern world has 

given technology such praise that one might say that a new god has been created. Techno log/, 

however, is not a part of the Third World mind-set. Many of these societies live hundreds of years 

behind the rest of the world (mainly in terms of technology) and continue to practice traditional 

means of providing for the essential needs, ie, ninty-two percent of agricultural traction is still 

provided by animals and only optimists see this dropping to eighty percent by the year 2000.5 

Consequently, it is of grave importance to comprehend a system of priorities for those basic human 

needs and to attempt to put genius to work within a right context. The world can see that there is 

mass suffering due to poverty yet most feel unable to do anything about it. 1 see this shortcoming 

firstly as a general lack of commitment to the idea of wiping out poverty snd the manifestation of this 

idea. It appears that only a small minority of people who are capable of making a difference are even 



making that attempt amongst the poor of the world Secondly, I see perhaps an ignorance of 

priorities of human physical needs in the underdeveloped nations. It is overwhelming to hear of the 

billions of people in the world that are at the poverty level and yet to know exactly where to start is 

not always clear. Thirdly. I see that many times where there is in fact a clear understanding of the 

needs, there exists a willful ignorance, backs turned upon the people in their need. This situation 

usually occurs when there is exploitation involved. The Bible calls it "selfishness", although the 

parties involved call it either "progress" or "profit". Throughout world history we see how people 

have continually been exploited and used. The brutality varies from one people to another, but no 

matter the degree of brutality, it is none-the-less wrong. As an architect, I am trained in 

architectural history and I am asked to look upon the pyramids in Egypt, for example, and accept 

these as some of the greatest works in the world. How can I uphold this as great work? It was built 

for one man by thousands of imprisoned people. Its cause was that of selfishness and its cost was the 

well-being and lives of thousands of people. It is a work of this world that represents bondage and 

exploitation, even in all of its awesomeness. Architecture is a reflection of the heart of man. It 

represents his concerns and intents; it shows his cares and love for people and life; and it reflects 

his desires and creativity with its form. Exploitation can be seen In every age and today we can 

probably say that the exploitation that exists is largely due to economic interests. So whatever the 

reason for the ignorance to the needs of the poor; it makes no difference; the needs are still there. To 

desire to understand, to learn how to apply understanding, and to commit oneself to apply what h8S 

been learned is to be on the road to making a difference. 

To develop a priority scale of the human needs in the underdeveloped nations we can perhaps 

break them up into three sequential categories. Let us call the first of these categories the "primary 

essential needs". These areas would include and consist of (1 )fresh, potable water; (2)adequate food 

supply for nutrition; and (3)proper sanitation for health and hygiene (controls the spread of 

disease). Elementary as these may seem, a greet percentage of the world cannot claim sufficiency in 

these areas. Prior to anything else being done, these primary essential needs must be established. If 

these areas were to be provided for sufficiently then we would see that ninty percent of the problems 

with disease would be corrected. Prevention is by far our best cure. 

The second category can be termed "secondary essential needs". This area would not be 8s vital to 

the support of life, although depending on geographical location and environmental conditions one 



might include at least part of this category into the first. Among these needs are the areas of 

(1 )shelter; (2)fuel (for a variety of uses); and (3)relief medicine (to control the spread of disease 

that can destroy innumerable lives). It is open to debate whether one Includes shelter in the 

category of secondary or primary essential needs. Clearily, it could very well be placed in either, 

depending upon the location in question. 

The third category I call the "developing needs." This category in its respective priority is often 

considered fundamental in the Western World, but, in the Third and Fourth World, people still only 

dream to see development in this area I asked a Tanzanian friend one time," What would be the 

reaction of most Tanzanians if they were to be able to walk into one of our supermarkets?" He 

smiled at me and said, "He would think that he had died and had gone to heaven." Surely not every 

Third World nation needs supermarkets but we will mention those developing needs which are of 

priority. Included here are the needs for (1 )schools and churches in order to educate a society and 

to better equip it for self-reliance; (2)medical facilities to provide for a healthier society, 

including a hospital or clinic to care for the medical needs of the people; and (3)industry in order to 

provide a basis for the economy. The kind of industrial production that is probably best suited for 

the developing world (primarily in the rural areas) would be something along the lines of hand 

crafts. This would allow culture and tradition to live on through a more managable, small industry. 

Otherwise, native tradition and culture might be challenged by western type industry and eventually 

be lost. I see that appropriate technology falls into this category as well, however, when technology 

is involved, its limitations and context must also be comprehended. Technology must be appropriate 

to a society 8nd aid in building up a community in the proper way. It must not ignore the cultural 

concept of time, tradition and values, and especially llie society's level of education and training. 

There are cases where United States agricultural 8id brought tractors to developing countries where 

mechanized agricultural equipment had never been introduced. Once there was a mechanical failure, 

the machine was abandoned. Ignorance does not permit someone to repair a malfunction in a diesel 

engine, no matter how simple it may be. People must have the proper training that goes along with 

technology as well as the means to support the use of technolog/ ie, tools, fuel, extra parts, 

accessories, etc. These considerations can be the easiest to overlook yet they can make all the 

difference in proper use and efficiency. 

Once the priorities of human physical need can be understood in a given soclo-cultural context 



then I believe that there is a basis from which to operate. Random selection as to where a relief 

organization is to plug in serves no lasting purpose. A foundation must be laid before the walls and 

roof can be built and the horse cannot be put before the cart, yet this has been the approach of many 

aid organizations, especially, if I might convey the message of numerous sources, governmental 

agencies. 

Failure . . . Concept of Time .. . Success 

Success in poverty stricken countries does not come easily. Therefore, failure must be looked 

at as part of the process of achieving success, for it will happen over and over, and it will many 

times be the dominant force. Faith and persistence will guide the way through failure. Asisthecase 

many times, we will experience trials that appear to be failures, yet, in time these failures will 

prove to have actually paved the road to success. 

When we look at the progressive western mind-set, we see a very time oriented people, living 

structured time schedules and watching the clock so as not to be tardy for the next appointment (this 

is maybe why so many westerners wear watches). In the west, time is not so patient and it mandates 

that we participate in a society that caters its instant products to our busy time schedules. Our 

"instant society" has everything from thirty second hamburgers to pre-fabricated houses that can be 

constructed in a da/ or two. Clearily, failure does not show its forces in the western society in the 

same manner that it does in Third World nations. The two worlds are vastly different, making their 

people different as well. I have heard of examples many times over of Peace Corp representatives 

who had gone to a poor nation, and who soon returned home having been unable to cope with this 

difference in the time process. It was not understood "why" it should have taken so long to complete a 

house or a bridge or a water system when it could have been built in a minute portion of the time. 

The Third World mentality dictates a different concept of time. For many westerners, houses are 

like pairs of shoes which one out grows many times throughout the course of a lifetime. On the 

contrary, for many of the poor nations, fortune is on their side if they have even a pair of shoes let 

alone a house. However, if they should be so fortunate as to have a house, more often than not they 

will know only one, it will be lived in and shared for many generations. It is understandable that a 



westerner is able to see his house constructed in a few short months. It is also equally as 

understandable that a poor man will see no problem in taking his time to build his house and when he 

needs more space he will probably add on to what he has already. After all, he 1s probably 

constructing it himself, using only crude construction techniques along with physical labor. Time 

takes on a completely different meaning. The world through his eyes does not contain the hussle and 

bussle of the West and his wants and needs are fewer. The provisions for basic human needs are 

something that the majority of the westerners can take for granted because of the abundances that 

surround them. Again, the importance of one's economic level shows Its face. 

Infrastructure 

For the average westerner the act of flushing a toilet or turning on the tap with fresh water 

pouring out is a common everyday experience, yet it is performed so often without the least bit of 

question as to where it goes or from where it comes. Roods and highways lead us to almost any 

location desired. Those without personal vehicles can use other forms of transport which are 

available and work remarkably well. Electricity 8nd natural gas provide the life line of nearly 

every home. If the power goes out in one of our major cities, life stands still for the most part. 

Hospitals, clinics, along with schools, vocational training centers, colleges and universities provide 

quite adequately for the institutional needs of western people. What exactly are all of these services 

and, when their presence Is lacking, what Is the result? 

These public services are the infrastructure. Economists refer to the infrastructure as the 

accumulated capital which embodies itself In the form of these public services. The pace and 

diversity of economic development depends highly upon the level to which the country's 

infrastructure Is developed. The level of development of most Third World nations' Infrastructures 

is limited primarily to the larger urban areas with the exclusion of the rural areas. Lack of the 

infrastructure in many developing nations in aspects such as potable water and adequate sanitation 

bear the fruits of rampant disease and unhealthy conditions. Education and health facilities are 

scarce if present at all Roads and transportation systems are underdeveloped or are not adequate to 

serve the population. Therefore, we must find alternatives to Third World problems which will 



accept and work within their limitations (primarily economic) and seek to bring about viable and 

appropriate solutions. 

Population Explosion 

"Population growth today is primarily the result of a rapid transition from a long historic era 

characterized by high birth rates and death rates to one in which death rates have fallen sharply 

while birth rates, especially in developing countries, have not yet fallen much from their historical 

high levels."6 The process of going from high birth and death rates to a more stable low birth and 

death rate is termed as "demographic transition". Economists tell us that "countries that strive to 

lessen the inequality in their distribution of income, or, alternatively, attempt to spread the 

benifits of their economic growth to a wider segment of the population may be better able to begin to 

lower their birth rates than countries where the benefits of growth 8re more unevenly shared... 

higher levels of living provide the necessary motivations for families to choose to limit their 

size... they are caught In an 'underdevelopment trap' vis-a-vis their family size not only because 

their levels of living are low but also because their self-esteem and dignity may thereby be 

questioned and their freedom to choose a desired family size, however large, is constrained by 

their poverty and economic uncertainty."7 

In many Third World countries a person's retirement security depends upon his children and not 

governmental programs so that when he reaches old age his children will be able to support him. 

Due to high mortality rates, a majority of peasant people feel that they are better able to secure the 

survival of their children by having many. They see the odds of their well being are increased by 

having a larger family. 

The paradox then in the case of population explosion is as follows. On one hand you think that by 

having less children to feed and take care of that you would be better able to support them because 

they would place less demand on the available resources. This seems logical to the westerner. On the 

other hand, if a peasant family has only a few children, then an already poor man who makes his 

living and provides for his family by farming must hire labor to work his fields. This the most 



common Third World situation for the rural peasant. Therefore, when he himself is too old to work 

his fields, he will have no children to provide for his needs. Thus, he would rather choose to feed a 

larger family even if he knows that only half of his children may grow to be mature adults. 

Oppression 

"To subjugate or persecute by unjust use of force... to weigh heavily upon so as to depress."8 

Throughout the world today malevolent governing systems and raging wars serve to oppress poverty 

stricken people. Many times at no fault to the peasant, these oppressive forces create situations 

where development and growth not only come to a standstill but actually regress and handicap a 

society in their endeavors. Many Third World nations today are at the hands of war and unrest and 

until resolution takes place, these countries will be severly limited in rectifying their problems. 

Beaurocracy 

MDo not as I do but do as I say!" Politics and governments throughout the world play a very 

significant role in the situations that we find in most developing nations. Of greatest significance 

perhaps to how a government and its beaurocratic power can affect a country is the attitude that it 

maintains towards its people. Whether you have a benevolent or a malevolent political power in its 

governing practices depends on a variety of factors. For instance, is the government ruled by a 

dictator or does the government run on a democratic system? Does the government control as a 

communistic system controls or do you see that anarchy and a lack of any central control are 

prevalent? Beaurocracy can become for the people a working force to provide a means by which the 

people can achieve their goals or it can become the institution to tie up the hands of those who seek 

self-resolutions to their problems of underdevelopment. In holding rules and petty laws over the 

heads of the people, the necessary initiation and momentum for development can be sucked right out 

of the hearts of the people, resulting in a serious stagnation in the developmental process. 



Capitalistic Exploitation 

Has there ever existed a time when exploitation of people by stronger societies has not existed? 

Exploitation of the poor by the rich is a very present phenomenon in our world today. Coercive 

means of achieving wealth and power continue to destroy efforts for the poor to better their living 

conditions. Multinational corporations have worked in underdeveloped nations for extended periods 

of time, mining and marketing the country's resources mainly to be sold in the more developed 

nations. One must ask the question whether these corporations have brought employment and 

opportunity to these Third World nations or whether they have only exploited the people and 

resources of these countries for their own profit. 1 have read book after book of cases where the 

later has been true. (In the book "Bitter Fruit" we can read of the exploitation that occured in 

Central America by the United Fruit Company) In conclusion to what I have heard, I see that the 

multinational corporations do both- good and bad. They have brought and continue to bring 

employment and opportunity to developing nations as well as exploitation. Of greatest importance, 

perhaps, is the evaluation of the degree of good and the degree of bad that these multinational 

corporations have introduced and who is most affected by the benifits and the misfortunes. There is a 

saying "the rich get richer and the poor get children." How does a poor villager find his way around 

the power of a large corporation? As is the case in this country, you find that in the developing 

nations, money has a great deal of control and all too often it cares very little 8bout the small man 

who stands in its way. 



Technology 

"Every machine that helps every individual has a place, but there should be no place for 

machines that concentrate power in a few hands and turn the masses into machine-minders, if indeed 

they do not make them unemployed."9 

The western world has come a long way with the progress made during the Industrial Revolution 

and the various inovations that have come out of that era. Today, while the western mind grapples 

with the computer age, we still find large areas in most Third World countries struggling to provide 

for their own basic subsistence, let alone advancements in industry and technology. You may find the 

most modern of inovations directly along side very primitive ones in the poorer nations. The modern 

world has made its presence known, to some degree, in the technologically backward world. Yes, 

technology does have an important role to play in these net ions, yet, the level and type must fit 

within the context of the people and country in order for it to be appropriate. Benevolent 

organizations such as the Peace Corps rely heavily upon appropriate technology in developing 

countries. A technology must fit into the economy and resources of an area as well as its users' level 

of education and understanding. 

Resources 

A common mistake that architects and professionals from the western nations have made while 

working in a Third World situation is to problem-solve without an adequate understanding of what 

resources are available locally, or how local resources can be readily employed. Building materials 

should be available and produced locally so as to insure their availability as well as to bring down 

their cost as much as possible. Natural resources, such as wind, rain, and water can be utilized 

effectively to provide for heating and cooling needs as well as the energy to energize mechanical 

equipment. Other examples are the use of the sun for heating and natural interior lighting, and the 



use of shade for cooling and in some cases even refrigeration. In some areas of Iran, the ice from 

winter is stored in shaded earth shelters in order to keep it throughout the hot summer months. 

Western countries have come to a point where there is a great reliance upon expensive mechanical 

equipment to do the tasks that properly designed structures, which work in harmony with the 

environment, could do. Poorer nations do not have the capital or the resources to rely upon such 

expensive equipment, so it is therefore of utmost importance that a designer and professional pay 

close attention to the available, natural resources and that their use be encouraged as much as 

possible. 

Environment 

What is created when the human environment is either overdeveloped or underdeveloped? Man 

must live in harmony with his surroundings if he is to maintain dominion over them. Larger urban 

centers stretch the limits of their environmental capacity and therefore, systems must be created to 

overcome their potential problems. Many communities (especially squatter developments) exist 

where people have overdeveloped their environment and have not employed the necessary systems 

(i.e. sewage, water transport, control, etc.) in order to maintain the proper balance with nature. 

Therefore, serious environmental deterioration has taken place, creating a potentially dangerous 

environment in which to live. These overdeveloped environments then become the very instrument 

with which a society will be, in a multitude of ways, destructive towards itself. 

Man must work within the delicate balance of his environment if he is to sustain a healthy life. 

Control must be maintained in order that this balance be upheld and it will be the responsibility of 

the society, as a whole, to maintain these set standards. However, it will be necessary for guidelines 

to be followed if there is to be this harmony with the environment. Professionals who work to set 

these guidelines must use a means by which all will hear and understand. Perhaps this will be the 

greatest obstacle to overcome in societies where the environment has already deteriorated over long 

periods of time, and perhaps the best means to communicate this message will be through example, a 

living example. 



Tradition 

Of all the areas of need that we can find amongst the poor, perhaps the area that has suffered the 

most and has been neglected continually in aid projects is the necessary sensitivity in the 

preservation of a given culture's traditional values. Governmental agencies, in providing habitat 

rehabilitation, have perhaps been the greatest of all the offenders. Because of the peoples' 

submissiveness to bureaucratic mandates, governmental agencies have been permitted to come in and 

build housing with an inability to design from a successful people-to-people understanding. A 

proper solution can only be achieved by extensive communication between the designer and the 

people. The architect must understand the culture of the community for which he is designing. 

Cultural values and traditions are the heart and backbone of the people and denial of these most 

important factors is in essence a denial of the people. Therefore, the architect or professional must 

work within the given context of the culture's tradition and values. In Hassan Fath/s book, 

"Architecture for the Poorhe states, "Tradition amongst the peasants is the only safeguard of their 

culture... they cannot discriminate between unfamiliar styles, and if they run off the rails of 

tradition they will inevitably meet disaster... willfully to break a tradition in a basically 

traditional society, like a peasant one, is a kind of cultural murder, and the architect must respect 

the tradition he is invading."10 In order to understand a culture and its traditions and values to 

their fullest, an architect has no choice but to live amongst the people, experiencing first hand their 

lives and friendships. In co-existance with a community, I see great value as to what might be 

accomplished. 

Culture and Values 

Architecture reflects maybe more than anything, the essence of a culture. The built environment 

represents 8 society's lifestyle, displaying their aspirations through the language of architecture. 

The different forms that emerge in a society's dwellings represent the varying combinations between 

the social, cultural, ritual, economic, and physical factors, and once a form has been accepted and 

established, it is very difficult to break the tradition of that form. Due to the great value that any 



society will place upon its traditional dwelling types, an architect from a different society can do 

harm to impose his own cultural values, however fine his intentions. As we are products of our own 

socio-cultural environment, we may perceive design solutions for another socio-culture through 

our own rose-colored glasses. Thus, it would be of a greater value for a western architect to seek to 

remove the mind frame of his own western culture, in a Third World context, so as not to 

consciously or subconsciously impose the modern world's values. The important aspect to 

understand here is that a western-minded person can contribute valuable ideas to promote the 

well-being of a traditional socio-culture, but these ideas must not ignore the values of the 

socio-culture in which they will be applied. In other words, a design decision must be able to fit 

into the entire range of socio-cultural factors seen in their broadest terms and should not, in itself, 

be a single causal factor for change. 

By approaching a design solution for a Third World habitat with the greatest sensitivity to the 

socio-culture, the results are more likely to prove successful. One way in which an architect can 

accomplish this is by integrating whereever possible, native design and methods in building types. 

Native techniques have proven to be an artform and the local craftsmen should be the ones to do the 

construction in methods familiar to them. For example, when cement is used within societies where 

it has not traditionally been used, there is a need for specialists, people from outside the community, 

to come In and build. There Is much to know about cement and it can require expensive equipment. 

On the other hand, local traditional techniques require no outside aid and there is no problem with 

equipment Earth for example, is so simple to build with that it can be done by practically any 

available person. It entails little in material cost and equipment cost, although by its nature it is 

labor intensiva It would be foolish to ignore native design and techniques when it comes to building. 

Successful design can be introduced Into a community as long as the design stays within the context of 

native forms. For the situations where the use of earth has presented a problem, mainly with its 

inability to repell water adequately, there exist appropriate technological solutions as well as 

simple variations In traditional designs In order to make them better able to deal with these 

problems. 

An architect must be an explorer as well as an inventor. By definition, an architect is "The 

devisor, maker, or creator of anything: chief builder."12 There is no truly specialized field in 



working amongst the poor. Every skill is employed and a person is not bound by his title. When 

designing, on architect must make complete use of his resources. Bound by the limited economic 

stability, ideas have to be found that will provide alternative ways of doing things. Many times the 

designer will have to rely solely upoon locally available resources to provide for the needs. The use 

of earth as a building material is an example of this, and when there is no available timber for roof 

structures then earth must be used here as well. Hassan Fathy speaks of techniques of using earth as 

a roofing material by employing barrel vaults and domes. This technique however, was one that had 

been in existence with a people and their socio-cultural context for many years but had almost been 

completely abandoned because the demand for it had deminished. With his insight to its validity, he 

revived these ancient techniques and employed them to, once again, serve the people in their housing 

needs. There is usually no need to impose the values of western technology upon the people of the 

Third World, but instead to find solutions amongst their own traditions which can be employed to 

meet their needs. New ideas can be introduced to resolve poor conditions, but they must be 

introduced within the context of the existing socio-culture. 

Conflict Between Cement and Earth 

A good example of how western technological values do not always fit into the developing world is 

in the use of concrete for the construction of dwellings in areas where earth has traditionally been 

used. Cement, in the developing world, represents modernization and a moving towards the west. 

Cement's appeal is that it prxlaims participation today in the progressive world-wide culture of 

tomorrow.11 I suppose that you can call it an obsession in some areas, the desire to have a cement 

house because of cement's reputation as the "wonder material." It Is strong, sturdy, resists the 

weather (rain) much better than earth 8nd it does not require near the maintance of an earth 

dwelling. Another arguement for its use is that it is clean and will not get your cloths dirty if you 

place them against it. However, with a closer examination, one can understand the misconceptions 

these people hold as they begin to turn their backs on earth construction and desire Instead concrete 

for their dwellings. A number of socio-cultural factors are altered and the new wonder material 

works its own mind into the values of the people. Consider the economic factor of using cement. A 



general rule of thumb says that a poor European man will work one day for seven bags of cement and 

a poor African of equal statis to the European will work seven days for only one bog of cement. Who 

will be able to pay for the material? Perhaps then we picture the disruption that will occur when 

people will have to leave the rural village and travel to the urban centers to find work in order to 

raise the money to pay for the costly material. Earth on the other hand provides a building material 

that costs nothing and does not have to be shipped like cement, because, it is a natural, local, building 

material. Since the economic factor determines, most often, what limitations will be set, it is 

perhaps best that we mention cost first. Cement is very expensive, mainly because of the amount of 

energy required to produce it, while earth is "dirt" cheap. 

The ecomomic consideration is only one of the socio-cultural factors which reveals cement to be a 

burden. Another substancial factor is the physical, environmental factor. For example, in the 

desert, the days are scorching hot, however, the evenings can be very cool. Temperatures fluxuate 

greatly within a matter of a few hours and this natural phenomenon creates the need for a dwelling 

that will respond positively to the climate, providing comfort within the walls of the structure. For 

this climatic type, earth h8s been very successful, due to its physical mass properties. Thick 

earthen walls and roofs provide cool shelter by day and warmth by night. This occurs due to what is 

called a "time lag" property, characteristic of earth. Hot temperatures from the direct rays of the 

sun are slowly absorbed through the mass of the earth, not reaching the interior surface of the 

structure until the sun is near setting. Thus, the interior remains cool throughout the greater part 

of the day and having absorbed the heat during the day, the walls are then prepared to start their 

cooling process by night. In this cooling process, the mass of the walls will radiate warmth into the 

structure's interior, providing comfort through the chilly desert nights. By morning the walls will 

have reached a cooler mass temperature once again, enabling them to slowly absorb the heat of the 

new day while keeping the dwelling cool and comfortable. These characteristics of earth cannot be 

found in cement dwellings. In fact, we see the contrary, where cement contains only a portion of the 

earth's thermal time lag propertry, rendering the cement structures inadequate in the protection of 

their inhabitants from the temperature fluxuations. By day, cement dwellings roast the people 

inside, and by night, the dwellings refrigerate the people. There are substantial, natural, thermal 

qualities in earth that provide good thermal protection to dwellings in many Third World countries 

whereas concrete is unable to adequately provide that thermal protection, especially in areas of high 



thermal fluxuation. The inhabitants of cement structures must then resort to systems (mechanical) 

for heating and cooling which once again lead into economic burden. The socio-cultural factors ore 

totally inter-releated, and in changing one aspect, ultimately affect all aspects. 



Rural / Urban Migration 

Throughout the Third World, urban cities are growing at an uncontrollable rate. Due to the 

large immigration of rural people, we are beginning to see the growth of these already large cities 

reach populations that stagger human comprehension. As these rural people, primarily peasants, 

continue to leave their rural homes and migrate into the large metropolis centers, an added problem 

is created to the already severe crisis of high unemployment which exists in most Third World 

cities. The poor economic situation and the lack of development in the rural areas force the peasant 

people to have to seek employment in the larger cities, where they hope their chances of finding 

work will be much higher. Many times you can find the peasant man who has left his family to go to 

the city in order to find employment. Due to his lack of education and skills he will not find work, 

and because of his lack of finances he will be forced to live in the street. One would asssume that at 

this point the peasant would seek to return to his village because of his failure to secure 

employment, but instead he will remain in the city with the hopes of eventually finding work. 

Usually there is nothing that he C8n return back to in his village, 8nd therefore it is the better 

decision to remain in the city, continuing to seek work, even if it takes him one or two years before 

finding a job. Even in remaining unemployed for two years or longer before finding work, a rural 

peasant will be better off economically in the city. The reason is that once he has found work, he 

will exceed any pay that he might have obtained in the rural area, because 8 job in the city will pay 

more. Unfortunately, the rate of migration from the rural areas to the urban centers exceeds the 

rate at which the job market grows. 

Perhaps we are looking at the problem of urban explosion with the wrong emphasis in that we are 

not able to see the root of the problem. Third World cities are growing at a tremendous rate and this 

appears to be the effect of the problem. My question is this, what is the cause? I believe that the 

problem, at its root, lies in the rural areas and not necessarily the urban areas. By this I mean that 

for some reason, and I am sure there are many, rural peasants are leaving their home in the 

country-side and seeking a better life in the city. If we were to work at solving some of the 

problems in the villages and eliminate those conditions which cause the people to want to leave, 



maybe then we could treat the problem at its root. 1 use the analogy of a medical doctor who gives 

treatment to his patient by using medicine which relieves only the symptoms as compared to the 

doctor who treats his patient by finding the root cause of his ailment and treating it at this level. We 

certainly can see that there are severe problems in the urban cities with overpopulation, but I 

believe that if we are more sensitive to treat the problem at its root then we will see that the 

problem probably lies in the rural areas and we will attack it from this vantage point, i am not 

saying that we can ignore the problems in the urban centers but that we must recognize that the 

problem at this stage is more an effect rather than a source of the problem on a larger scale. 

In approaching the problem then from the rural level, we must then understand how it is that we 

can approach the problem In order to provide a meaningful solution. Perhaps the best approach 

from the standpoint of raising the economic level would be to introduce or expand small-scale, 

labor-intensive industry with appropriate labor intensive technologies. In doing this we can reduce 

dependency on the developed countries, provide employment opportunities that educate, and develop a 

rural infrastructure such as roads, irrigation, potable water and sanitation facilities. "Clearily 

this is where scientific and technological assistance from the developed countries could be most 

fruitful."13 

Quality of Life 

"People whose surroundings are ugly and barren are apt to be unproductive and dispirited... the 

human spirit is our most precious resource.. .its ecology is our greatest resource."14 

What is the quality of life in the peasant's world? What are his aspirations and what is his sense 

of aesthetic? These are questions which ask a very simple question and you will find a different 

answer to each from most people yet when you take the time to evaluate the quality of life in a slum 

or a ghetto the response will be unanimous: people are not meant to live in the conditions that 

promote a quality of life that is rampant with disease and that is unfit for human habitation. For 

each person there is a personal sense of a desired quality of life and aesthetic which provides a sense 



of pleasure. However, if we t8ke away that quality of life or if we find that the necessary quality of 

life is missing, we will witness a lack in a person's self-esteem, motivation, and stimulation. 

Psychologists tell us that a child needs a visually interesting and stimulating environment in order 

to develop his mind properly. Most people will also agree that a habitat that is run down and desolate 

is also one that is oppressive and demotivating. Therefore, we see that the aesthetic condition is 

mandatory and that in our striving to meet the needs of the poor we must not ignore this essential 

human condition. However, each person will have his own sense of aesthetic as will any culture and 

we must be sensitive to allow for this. 

Housing in the Third World 

"In most of the cities of Africa, Asia, 8nd Latin America, at least a quarter of the population has 

to live in ramshackle, makeshift shelters in slums and shantytowns... In some cities, over half the 

population live like this - and the numbers are growing... And in the rural Third World, virtually 

all houses are far below the most minimal standards of health and hygiene."15 

How are we to solve the serious problem of housing the poor throughout the world which in its 

magnitude almost seems unsolvable? Anil Agerwal, In his book "Mud, Mud", tells us of the situation 

concerning housing in the Third World and he states the following facts: (I) Rural housing is almost 

totally neglected; (2) Megacities are growing like cancers, with most of their people in slums and 

squatter developments: (3) Government house-building programs are a failure because most urban 

poor cannot afford even the cheapest house; (4) Housing programs for the poor end up supplying 

houses for the middle-Income groups; (5) Western-based housing standards are 1nn8pproprl8te In 

the Third World; (6) Outside aid is totally inadequate; (7) Self-help, squatter upgrading and 

site-in-services schemes offer the best prospects but even these schemes rarely reach the very 

poor.16 This is his observation 8s to what the housing situation in Its most realistic sense has been 

throughout the developing world. 

Throughout the Third World, governmental projects have taken the approach of bulldozing down 
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the slum areas and relocating the people in governmental housing projects at another location. 

Clearing slums is not the solution and all to often this act has only placed greater hardship on slum 

dwellers by leaving them altogether homeless or by removing the people from the proximity of their 

jobs. The first priority for these people is usually the proximity to their work so ss to avoid the 

high costs of transportation. 

Tenure is another very important issue in Third World housing. It stems from the concept that if 

you possess something and make investments into that possession your Investment will be to your 

advantage because it raises the value of that possession, but if you have no possession of that which 

you utilize, you will make no investment into that utility because of the fear of loosing it. It is for 

this reason that tenure Is of Importance, for with tenure people can make improvements but without 

it they fear removal. 

What is the superior approach to the problem of housing in the poorer nations, "mass housing", 

or "housing by the masses"? This is really the question of the superiority of (1 )governmental 

housing or (2)self-help housing, where the housing needs are met by the poor themselves. 

According to Anil Agarwal, governmental programs to house the masses have failed seriously. 

Perhaps then, we must look at the alternative approach and accept that the housing needs will be met 

by the people's own desire to house themselves. The role then of the government would be to provide 

for the infrastructural services, to m8ke money available to the peasants in order to buy the 

necessary materials, and to award tenure. The new thought on the matter of squatter developments 

that is attributed to such western academics as John Turner, William Mangin, and Elizabeth and 

Anthony Leeds is that "These settlements should not be viewed as a 'problem', but as a solution... 

Squatter settlements are not 'rings of misery' or 'creeping cancers', but evolving communities."17 

In John Turner's book, "Housing by People", he deals with a concept of housing that distinguishes 

between a supportive, provisional shack and oppressive, governmental housing. He states, "Some of 

the poorest dwellings, materially speaking, were clearlly the best, socially speaking and some, but 

not all of the highest standard dwellings, were the most socially oppressive."18 What he means by 

this is that a poor man can better his conditions if his living costs are low and he can remain close to 

his employment. In his provisional, supportive shack, a man can earn his wage and spend only a 



small percentage of it to house his family and what is left over he can put into savings in order to one 

doy be able to afford a permanent home in a better location. On the other hand, he says that the 

governmental housing requires a much higher percentage of a man's total wage and it is put toward 

his rent only, therefore there is no capital being built by his investment The location of the 

governmental housing blocks is usually far removed from job locations and therefore transportation 

costs are high. However, the factor which he considers most oppressive is that the governmental 

housing is not supportive of the socio-culture, whereas the provisional shack, even in its 

awefulness, provides more to promote the socio-cultural conditions. 

On the contrary, Dr Anthony Seymour of Ahmadu Bello University in Nigeria critizises those who 

believe that squatter settlements are a 'solution' to the housing problem of low Income groups, and he 

dislikes the "optimistic and romantic overtones" that are characteristic of the approach of John 

Turner and William Mangin 21 

What is an appropriate solution to the housing needs? Of great consideration is the aspect of 

high-rise or low-rise. In considering the approach of 'self-help' housing, the possibility of 

high-rise housing must be ruled out because of its inappropriateness for the reasons that 

multi-story tenements cost more to construct and need specialized construction companies to build 

them. The advantages of low-rise structures in the Third World are; (1) 8n individual C8n build his 

own house; (2) they have a shorter construction period and involve less capital; (3) they can be 

extended as the occupant's income increases; (4) low-rise has far greater variety, as each 

householder builds according to his choice; and, last but not least,(5) low-rise dwellings have the 

ability to be built without government involvement, using mud, brick, and thatch.2' 

Shall housing situations then be controlled by outside institutions such as governments or shall 

housing be controlled by local and self-governing factors? A house is not only a structure which 

provides for the shelter needs of a people but a house is a very Important element In the concept of a 

home. Who then is to dictate that concept of home, an outsider with a different understanding of home 

or the one who will call that dwelling home? 





CASE STUDIES 

In carrying out my research of the Third World and their poor, I searched specifically for 

examples of professional architects who had made contributions to the developing world. I was not 

successful in uncovering a vast number of architects who were working in this area, and I feel that 

the reason that I was unable to do so was for the simple fact that there are no vast numbers involved 

in work amongst the poor. In fact, I found that architects are really only involved in a mere five 

percent of all building that is done world wide. However, I was able to find a few professional 

architects who have worked in the poorer nations in a depth that I had hoped to find. To me 

personally, the true test of how an architect might be considered successful In a Third World setting 

would be to see his work in its built stage and to evaluate the architect's work within the context of 

its users. The success would be in the ability of the architect's design to meet the needs of its 

Inhabitants and to provide a meaningful 8nd functional environment In which to live. The work 

would have to respond directly to an indepth understanding of the socio-cultural framework in order 

for it to be successful. As for the examples that I have studied, it was of great importance to me that 

these architects did acquire significant depth in their design solutions in response to the given 

problems; yet I was disappointed to learn that their design solutions were never carried out due to 

beaurocractlc reasons beyond their control. Because of this fact, I feel that the proposed design 

solutions were not able to be developed to their completion, to the most crucial level of any design, 

its actual manifestation and the test of its validity. The ideas that make up their work are very sound 

and are based upon documented understanding; yet I feel that It would be a serious mistake to assume 

that their approaches in their entirety should be considered completely correct and that we can stop 

our search for a better understanding. The true test is that of time, where design solutions have the 

opportunity to stand and be used by their inhabitants and evolve more completely to serve those for 

whom they were built. In admiration of these men, I feel that I have greatly benefited and have been 

given much from their work and understanding, and I am greatful for their efforts. In the following 

pages, I would like to give a sketch of the mind and work of these two men whom I have studied. They 

are Hassan Fathy, an Egyptian architect and Ian Athfield, a New Zealand architect. 



Hassan Fathy 

Egyptian architect, Hassan Fathy has been a great example to many of what being an architect 

for the poor might entail. Throughout his book, "Architecture for the Poor", one is able to 

comprehend the personal as well as the practical and applied aspects of being an architect in the 

Third World. He committed his work to the people of Egypt and has used earth as his medium in 

building. He represents the grassroots architect that attempts to understand more tangibly the 

people for whom he designs. With a practical understanding of economy, socio-culture, tradition, 

environment, and basic human needs, he has been able to design architecture that is very suitable 

for the peasant's us8. He respects native form end is free to use them. In his book he writes: 

Culture springs from the roots 
And seeping through to all the shoots 
To leaf and flower and bud 
From cell to cell, like green blood, 
Is released by rain showers 
As fragrance from the wet flowers 
To fill the air. 
But culture that is poured on men 
From up above, congeals then 
Like damp sugar, so they become 
Like sugar-dolls, and when some 
Life-giving shower wets then through 
They disappear and melt into 
A sticky mess.22 

Fathy's work makes an appeal for a new attitude to rural rehabilitation and he believes that, 

through cooperative building, the standard of living and culture among the world's desperately poor 

peasants can rise. Cooperative building is the new approach to mass housing, an approach that Fathy 

believes can be the answer to the problem of housing the poor of the world. This approach deals with 

the complex social and cultural questions, the economic question and the question of the relationship 

to the government. F8thy goes into detail 8S to how these factors effect the whole and he deals on a 

level where the reader of his book can comprehend the total picture. 



In the cooperative system everyone is expected to lend a hand when a new house is built. When 

many hands help, the house is soon finished. Nobody is paid a wage and the only return is that a 

fellow villager will be repaid by a service equal to that which he has given. Fathy sees that this 

system can only work in a society that is strictly traditional because the society is working with 

traditional problems. He feels that the advantages would be that a village which is built by its own 

inhabitants will be a living organism, one that can grow and flourish, and that because the villagers 

provide their own labor and do not need to hire outside help, it can be done cheap enough so that any 

peasant village can afford it. 

Fathy began his work in search of the lost art, or what appeared at least to be a lost art, of 

construction techniques using solely mud bricks. In viewing old ruins 8s well as structures that 

were still standing, Fathy saw that ancient techniques employed mud bricks as the primary building 

material in the construction of walls as well as roofs. The techniques made use of barrel vaults and 

centered domes for the roof structure, spanning a considerable distance. These vaults and domes 

were constructed without the use of any forms. Wood was and still is a scarce resource 8nd for this 

reason it is not economically feasible. His search led him to the countryside, to the village of Nubia, 

where he was able to locate craftsmen who had maintained their skills as masons. Fathy sought to 

revive this art in order to meet the needs of the rural peasants, and having found the masons to do the 

necessary work, he set out to prove Its validity. 

Having found his means, mud bricks, Fathy began his trek to demonstrate that he could build for 

the peasants in Egypt in the most economic way posible. By teaching the peasants to build for 

themselves out of a material that cost them nothing, he now only had the task ahead of him to prove 

himself to the people who would give him the work, the Egyptian government. It was not an easy 

position to be in, saying that he could build better and cheaper than the governmental architects and 

hoping to receive a contract to carry out his ideas. He was turned down in early attempts to use his 

cooperative system of building and It was not until the government decided to remove a village from 

its present location to a new one that Fathy really had the chance to show his colors. The situation 

was not really ideal in that the village did not want to re-locate and the government was doing this 

against their own will. Thus Fathy began his work on the village of New Gourna, under the control of 



the government and with very little cooperation from the people, who did not want to move in the 

first place. In spite of everything, he began his work and was able to institute his ideas into the 

beginnings of what was to be the new village of Gourna. (SEE FIGURES) 

Fathy believes that there must be the establishment of a trinity between the architect, builder, 

and the owner, 8nd that through this relationship, design will freely continue and there will be open 

communication and good relations during the building process. In this way there is no bondage to 

working drawings and changes can occur more readily throughout the building process. Although 

limited to earth as the building material, he is able to create very aesthetically-pleasing designs. 

Many of the design decisions that Fathy makes have to do with a variety of the social aspects in a 

community. For example, in Egypt there is a wide-spread disease known as bilharzia It is carried 

by cercarias or bilh8T2ia worms, which live in the water of the irrigation canals. The disease can be 

contracted merely by standing for ten minutes in a pool of infested water. The worm cannot live by 

itself in the water and so requires the shell of a snail to survive. With this as background, Fathy 

created a system to combat the bilharzia worm which makes use of a number of factors. He created 

an artificial lake on the perimeter of the village of New Gourna. Having begun construction of the 

village, there existed a large pit or "birka" that W8S created after earth had been removed to make 

mud bricks. A large birka left open, as is usually the case in Egypt, creates breeding grounds for 

various insect pests which also carry disease. By creating a lake in this depression and lining the 

bottom with gravel and rock, he created an environment unable to support either the insect pests or 

the snails. To supply the lake, water was taken from an adjacent canal and brought into an 

"ante-pond", also lined with gravel, where powdered copper sulfate was dissolved into the water to 

kill the bilharzia worm. Then the water, after being held in the ante-pond for forty-eight hours to 

insure decontamination, passed into the lake itself through water locks. The artificial lake now 

serves many purposes: (1) it is a place of public recreation and water activities; (2) it makes use 

of the birka that had been created in brick-making; and perhaps most importantly (3) it is a 

practical method for controlling bilharzia, a disease that leads to a slow and uncomfortable death. 

Fath was able to understand the needs just by understanding the poor, their values and their way of 

life. 



Due to beaurocractic red tape, Fathy was unable to complete his work In New Gourna. He was able 

to complete many buildings however, before the government put a stop to the project. His work is 

beginning to be the focus of wide-spread interest as his public housing has proved to be the cheapest 

to date that anyone h8s ever been able to build. The reason for this is that Fathy designed a house that 

can be built by the peasants themselves, much like their forefathers had done. For the professional 

who is considering working in the Third World amongst peasant people, no matter whether he be an 

architect or not, I highly recommend "Architecture for the Poor", as it is perhaps the most-

significant resource that I have read and reflected on thus far. 
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Plan of ceramics factory in Garagos. (9) Painting and glazing. (10) Dining. 
Legend: (1) Arrival of raw clay. (2) Sieve. (11) Kitchen. (12) Food store. (13) Kilns. 
(3) Mixing. (4) Sedimentation basins. (14) Mechanic. (15) Fuel storage. 
(5) Kneading clay and deposit. (6) Potter (16) Store of ready-made ceramics. 
wheels hall. (7) Drying room. (8) Wind 
catch with water basin underneath for 
humidifying the air (very dry in Garago: 

(17-18) Packing and straw cases storage. 
(19) Exhibition room. (20) Manager 
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Plan of girls' primary school. Legend: 

(0 Entrance. (2) Porter. (3) Supervisor. 
(4) Book storage. (5) Book distribution. 
(6) Classroom. (7) Art room. 
(8) Dining-exhibition room. (9) Shed. 
(10) Kitchen. (11) Storage. (12) Serving. 
(13) Mistresses'room. (14) Mistress's 
bedroom on upper floor. (15) Bathroom 
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Ventilation system at girls' primary school 
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Plan. Legend: (A) Theater: (1) raised 

seating platform for open-air performances in 
village square; (2) entrance; (3) booking; 
(4) gallery; (5) seating; (6) chorus; 
(7) stage; (8) backstage; (9) cinema 
projection room; (10) open-air foyer. 
(B) Gymnasium: (1) entrance; (2) seating; 
(3) box. (C) Village hall. (D) Crafts 
exhibition hall. (E) Abdel Rassoul family 
neighborhood 
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Theater, elevation 
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Plans of bedroom 
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15 
Fountain in courtyard of house in 

Fostat. Legend: (1) Courtyard. (2) Loggia. 
(3) Iwan. (4) Fountain 39 
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Plan of hygiene center. Legend: 

(1) Women's entrance. (2) Supervisor. 
(3) Waiting room. (4) Clinic. (5) Mothers' 
room. (6) Babies. (7) Kitchen. (8) Nursery 
and handwork workshops. (9) Patio. 
(10) Men's entrance. (11) Men's waiting 
room. (12) Doctors' and nurses' quarters. 
(13) Ambulance entrance. (14) Ambulance 
garages 

17 
Plan of mosque. Legend: 

( I )  E n t r a n c e .  ( 2 )  F o r e c o u r t .  
(3) Store. (4) Vaulted gallery 
for passers-by. (5) Courtyard. 
(6) Praying iwans. 
(7) Sheikh's room. (8) Store. 
(9) Small chapel. 
(10) Ablutionary. 
( I I )  A b l u t i o n a r y  e n t r a n c e  



Ian Athfield 

Twenty-five years ago there were only sixteen cities in the Third World with populations over 

one million, today there are in excess of sixty, and twenty-five years from now there will be more 

than two hundred. In 1976, a world wide design competition was held in Vancouver, British 

Columbia which was entitled HABITAT (United Nations Habitat Conference of 1976). It was intended 

to focus on the accelerating urban crisis in Third World countries and to encourage the development 

of design ideas which might become a prototype for housing and community development throughout 

the developing world. The site that was chosen for the competition was in Manila, Philippines in a 

squatter area known as Dagat-Dagatan, an area of reclaimed fish ponds. The site was intended for the 

relocation of 17,000 families that are presently living in the nearby Tondo foreshore which 

happens to be the largest squatter development in Manila. The competition was approved by the 

International Union of Architects (UIA). Because of the requirements set up by the UIA, the winner 

of the design competition would be awarded the commission to carry out the project. The Manila site 

was chosen because of the cooperation of the Philippine government. They would provide the means 

for the winner of the competition to carry out his design. An early estimate of the number of design 

competition entries was less than 300, but by the closing date for registration 2531 individuals 

from 68 different countries had registered. Out of the total number of registrants, 476 completed 

submissions were received and presented to the jury. It is from this competition that I have chosen 

one of my case studies. Ian Athfield was awarded first prize in this competition on a design that I feel 

deserved this award. I have looked at the other designs that were given places and I did not see a 

design that approached the solution as well as that of Athfield's. Unfortunately, due once again to 

beaurocractic red-tape, the design was not built and therefore we cannot see its manifestation. 

The entrants were given a design packet containing all of the necessary information pertaining to 

the Manila project but also relevant to similiar conditions in other locations in the developing 

world. Among the writers in the selected bibliography were John Turner, Charles Abrams, Hassan 

Fathy, and Aprodicio Laquian, who himself grew up in a Manila slum. I would like to include his 

contribution in my thesis, his depiction of "A Typical Day in the life of the Cru2 Family". This work 

was very significant in that it brought the designer into a grassroots understanding of the average 



squatter inhabitant. 

r 

Activities begin early in the Cruz Family-a typical household in the slum/squatter area 
ofTondo. Juan, the father, wakes up at five in the morning. His wife, Maria, prepares 
breakfast while he is washing up and getting dressed. She also wakes up Antonio, their 
13-year-old son, so he can buy some salted rolls (pan de sal) from the corner bakery. 
Antonio also buys a can of local sardines, 15-centavos- worth of ground coffee, and 
10-centavos-worth of margarine. Maria boils water in an aluminum kettle. She gets 
some rice, left over from the evening meal, fries it for the three other children. 

At five-thirty, Juan walks over to the house of Felipe who owns five jeepneys. He 
has to work each da/ as he gets paid only when he takes the jeepney out. He works on the 
basis of the "Boundry system" wherin the first fifty pesos he earns all go to Felipe. 
Anything he earns beyond this "boundry" is his-after he deducts the expenses for the 
gasoline, oil, any minor repairs, bribes to traffic policemen and tongs (extortion 
payments) to the toughs and gangsters who might harm him if he does not come up with a 
"contribution". Juan follows a fixed route. However, if somebody wants to hire him and 
the price is right, he may not follow this route, hoping he will not be caught for this 
violation of the jeepney franchise regulation. 

As soon as Juan leaves the house, Maria also dresses up, takes her bamboo basket, and 
walks toward the seashore. Fishermen come in with their catch at about this same time. 
Maria buys fish from them and then sells them in the neighborhood market (talipapa). 
She knows many of the fishermen so she does not have to bid too competitively against 
other fish sellers. Besides, she h8s very little capital and Is mainly interested in small 
fish and other seafoods others may consider scrap. She knows that she can sell these 
items faster, at cheeper rates, to other poor families. On the way to the market, Maria 
passes by a number of houses to offer her wares. She has also known these families for 
a long time and very little bargaining is involved because they are regular customers 
(suki). 

At about seven o'clock Antonio wakes up the other members of the family. As the 
eldest, he can give orders to the children, makes sure that they get dressed and take a 
good breakfast. The socond boy, Eduardo-11, Is in the fifth grade. Elena, the eldest girl, 
is 10 and in the fourth grade. Juan Jr., is eight and in the third grade. All the children 
go to the nearby school, except Antonio who dropped out after fifth grade. He now helps 
out by shining shoes in downtown streets or being a "watch-your-car boy". He hangs 
around busy places (movie houses, resturants) and when a person parks his car, 
Antonio offers to clean the car while watching it. Unlike other boys, he does not scratch 
the car with a nail if the owner refuses his services. However, most car owners who 
know that this may happen, readily agree to this petty form of extortion. Antonio may 
get as much as seven pesos a day when luck is with him, being a watch-your-c8r boy or 
bootblack. 

Elena and Juan, Jr.-being in the lower grades, go to school around seven-thirty. The 
bell rings at eight for the first shift. Eduardo-being in the fifth grade-goes to the 
second shift which starts at one-thirty in the afternoon. After accompanying his 
brother and sister to school, therefore, he also walks downtown with Antonio who is 



teaching him to become 8 good watch-your-car bey. 
At eleven-thirty, Maria has sold all her fish, except for four or five she reserved for 

her family's lunch. She stands at the corner of Juan Luna and Looban streets, waiting 
for Juan's jeepney to pass. Juan finally passes by, stops, and gives her ten pesos. On 
top of her earnings at the market of twenty-five pesos, these assure her that she will 
have capital for tomorrow. She hurries home to prepare lunch, remembering to buy 
some ripe bananas and coconut candies for the children. 

Elena and Juan, Jr. arrive from school at noon. They are soon followed by Eduardo, 
who has to have a quick lunch before rushing off to school. Antonio stays downtown, 
eating 8t a small stand with other bootblacks and watch-your-car beys. After lunch 
Maria washes the dishes 8nd tells the two younger children to take a nap. She knows 
they will most likely not sleep, but she believes that they should have some rest before 
going out with the older children to play. At two o'clock, she gathers the dirty clothes 
and goes to the community water tap to do the laundry. She passes by the corner 
sarisari store to buy some soap and to gossip with the people sitting around. She is 
talked into buying a "number" in the daily drawing of an illegal numbers game called 
Jueteng. Her fifty centavos may get her a thousand pesos, so why not? The "collector" 
gives her a hot tip on what two combinations of numbers may win. However, Maria had 
dreamed that two snakes were chasing her that night so, believing that snakes are lucky, 
she bets on numbers two and seven (the snakes appeared crooked in her dream). 

At three O'clock, Elena 8nd Juan, Jr. join their mother at the community tap, saying 
they had thken their naps and wanted to play. They asked Maria for five centavos each to 
buy some ice drops (popsickles). Maria scolds them first, knowing they did not take a 
nap, but gives them the money and they scurry away. Maria returns home around three 
forty-five 8nd hangs out the cloths. At four-thirty, Eduardo returns home from school 
and promptly joins the other boys in a game of kick-the-can. After peremptorily 
cleaning up the house, Maria starts preparing supper around five-thirty. At six, 
Antonio returns and hands his mother three pesos. They have an arguement, as Maria 
knows that Antonio earns more than that. She is afraid that if Antonio has too much 
money of his own, he might start smoking marijuana or taking drugs, like other boys 
his age do. However, Antonio says that he did not earn much that dcy, and Maria lets it go 
at that. 

Juan arrives at six-fifteen, tired and cranky. He had been arrested for speeding and 
the policeman did not want to accept the bribe so his driver's licence was confiscated. 
The fine will be much higher now, and It is possible he might not be able to drive for the 
following day. Juan mutters something about things being better before martial law was 
imposed and the policemen were crooked-he could buy himself out of any trouble in 
those days. Maria consoles Juan, saying the whole family earned fifty pesos that day, 
and that should tide them over for another day. 

After suppr, Juan goes to the corner store to drink beer or coconut toddy with the 
other men and young adults in the neighborhood. They have a nice and noisy time, 
joshing a newly married boy, arguing about the police, and debating the merits of the 
New Society, under conditions of martial law. The others hush Juan when he voices his 
opinion too loudly, that things were better before martial law because the police were 



more corrupt. They caution him that somebody may hear him. However, the beer and 
coconut toddy have made Juan talkative 8nd he continues with his arguments. 

Meanwhile, Maria and the children go to the neighbour's house to watch television. 
Along the way, they meet the jueteng collector who tells them the winning numbers were 
five and ten. Maria shrugs her shoulders, saying maybe she will win next time. When 
they reach the neighbour's house, a number of people are already there. This neighbour 
had converted her silong (downstairs) into a mini-theatre, providing wooden benches 
for the viewers. Adults pay ten centavos while children pay five. Everyone enjoys the 
television programmes, except when the children want to watch "Hawaii Five-0" and the 
adults want to watch a Tagalog soap opera. Since the hosts like the soap opera, everyone 
watches this. However, the reactions of the audience vary. The older women cry 
copiously when the heroine is beaten up by her husband, but the younger boys and girls 
all think this is corny and groan. The older women shush them up when the groans and 
kibitizing becomes too loud. 

Maria and the children return home 8round nine-thirty. Maria spreads out the mat 
and Antonio and Eduardo help In taking out and hanging up the mosquito net. The children 
8re asked to wash their faces and feet, brush their teeth, and get ready for bed. At ten-
thirty, Juan returns home from the corner store, reeking of beer but steady of tread. 
He undresses down to his shorts, brushes his teeth, washes his face, and after urinating 
In the backyard, joins Maria's side. Maria makes room for him, and before long, 
everyone In the Cruz family is asleep. The night is hot and humid, but a gentle breeze 
comes in from the ocean. Another dey passes in their lives.23 

Of all of the information that the design competetors were given, this colorful description W8S 

probably the most useful because it brought the architect to the level of understanding that was most 

crucial, the people for whom he designed. All of the designs were given the same criteria in that they 

were to design a community (barangay) for 3,500 people or approximately 500 families (which 

the Cruz family represented) from the Tondo foreshore area. The average density was about 460 

people per acre. The area in comparison to other areas of Manila had more disease, crime, children 

per family, and deaths per 1,000 persons. The Tondo had fewer opportunities for proper education, 

less hospital beds, fewer policemen, Inadequate public street lighting, and more property loss due to 

fire and typhoon than any other area, as well. Sewage disposal was far below standards, parks and 

recreation areas were few, and water was not readily available. Unemployment was a serious 

problem 1974 figures showed that 35* of the Tondo population ten years and older were available 

forthe labor force and, of that percent, 18* were unemployed. Most of the squatters and slum 

dwellers had a low level of education, a lack of technical and professional skills, and found 

employment in jobs requiring limited skills. 



Obviously, the success of any design submitted would be in the architect's ability to understand the 

problem in all of its complexity to a depth beyond the architectural systems involved. It would have 

to be a design that would lend itself to the economic sitation as well as the socto-cultural conditions. 

General guidelines were given the participants in that it would be (1) high density; (2) low-rise; 

(3) low income; (4) self-sufficiency oriented; (5) pedestrian oriented; and (6) ecologically fit. 

The designs were to be appropriate for self-help housing, to consider community facilities 8nd 

services, topropose building types along with their materials, and to introduce community 

technologies to meet the needs of energy, food supply, water, waste disposal and recycling. 

The barangay is a self-sufficient community which is inhabited by approximately 3,500 people 

or 500 families. The Dagat-Dagatan reclamation area however, Is Intended to eventually house from 

100,000 to 140,000 persons 8nd therefore the entire area would be made up of about 30 

barangays. The participants were asked to submit designs for housing units, community technology, 

communities within their neighborhoods, to design a typical barangay in detail, and to provide a 

schematic design only for the entire Dagat-Dagatan area. With this as background, I will describe 

the first place design. 

Athfield submitted a design which provides a strong approach to the idea of Selp-Help housing. 

The main feature of his design Is a clearly defined community, for which he uses a wall surrounding 

the barangay. Contained within the wall are community workplaces which provide for the economic 

means of the community. These workplaces are in the form of a linear building which totally 

surrounds the community, employing light and non-polluting industries. In this way the inhabitants 

can live close to their place of employment and therefore depend less on transport. The barangay is 

pedestrian oriented, except for where services are needed, and thus Its Interior is limited to service 

vehicles. Motor vehicles are stored on the periphery and vehicular circulation takes place outside 

of the wall-like workplace periphery. Included within this working periphery are the energy 

centers, which make use of appropriate technologies such as blogas and composting, and supply and 

manufacturing centers for building materials to be run on a cooperative basis. Within these 

industries are apprenticeship-type training areas in alternative energy and recycling techniques. 

This periphery is to be provided by the government as it is the infrastructure of the barangay. 



Each barangay is part of a zone which is made up of between three and five b8r8ngays. Each zone 

is served by a town center with considerable space given to commerce, administration, and 

recreation. This town center is located within the walls of one of the barangays that it serves. Each 

barangay in turn is broken into four subdivisions called puroks which contain their own basketball 

courts, and sari-sari stores. Approximately 130 houses make up each purok and therefore 

approximately 500 houses make up each barangey. Churches, marketplaces, nursery schools, 

elementary schools and health clinics are provided within each barangey as well. Athfield has 

stressed not only the need of the physical improvements in the barangays which are the most 

strongly defined social units in the Filipino society, but he states that the most important issue is 

the preservation of the community and its spirit.24 

In dealing with the dwelling units, Athfield has figured the required area needed for each cluster 

of four dwellimgs to be 55 square meters. The houses will be built by the residents themselves 

using familiar building techniques which will employ low technological skills. Each cluster of four 

families will share a privy and laundry, a community kitchen, refrigeration and cook preperation 

area, a cold water tank and an agricultural windmill. Athfield has provided three typical housing 

designs which do not limit a family in their design, but provide only a framework. His designs are 

sensitive to the needs of the Tondo people ,i.e. they account for the fact that the squatters keep 

animals such as pigs and chickens on the ground level. The construction techniques make use of a 

material which is abundant locally, the coconut palm. The timber from the coconut palm can be used 

in its natural state after drying, and its by-products can be made into charcoal, chip-based cement 

blocks, partlcleboard, insulation fiber cement board, furniture and joinery. Roofs and walls will be 

constructed from panels made from coconut sawdust, sand and cement over expanded metal mesh. By 

using these materials throughout the barangay, Athfield feels that the material can provide a sense of 

continuity. (SEE FIGURES) 

1 have found Ian Athfield to be very realistic in his design of an actual squatter community. He 

obviously spent his time well in preliminary research. Perhaps, though, more than anything about 

Ian Athflel, I have come to appreciate is his attitude. He stated that, if he were to be awarded the 

commission to carry out his design, he would choose to do It on sight. For me, this says a lot. 
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A Fire station, secondary school, 
police headquarters, health and 
community center for barangays 

B Hospital 
C Town plaza, municipal buildings, 

church 
D Pedestrian bridge over motorway 
E Walkway under street 48 
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APPROPRIATE TECHNOLOGY 

In this portion of my thesis I will give an overview of the appropriate technologies that I have 

studied. Throughout my research, it has been confirmed to me, over and over, the importance of 

technology which is appropriate to the Third World. I have not, by any means, even begun to explore 

the full potential of appropriate technology, but 1 was able to study those technologies which pertain 

to my particular needs, technologies which allow me the opportunity to better meet the physical 

needs of the poor 8S an architect. I will include in this section only the major technologies that I 

have considered, as time will not allow me to do more. It should be kept in mind that I do not 

consider myself an authority In appropriate technology, but I do feel that I have attained a level of 

understanding which would allow me to incorporate any of these technologies into my design work 

with a certain degree of confidence. 

Anaerobic Digestion 

WHAT IS ANAEROBIC DIGESTION? 

Anaerobic digestion is a biological process that occurs when certain kinds of bacteria consume 

plant, animal and/or human waste in an oxygen-free environment, producing biogas. The biogas 

generated usually consists of between 50 and 70 percent methane (which is a fl8m8ble, odorless 

gas) and 30 to 50 percent carbon dioxide (which is unusuable as fuel). The bacteria that produce 

this biogas will operate at temperatures between 32 degrees and 160 degrees Fahrenheit; however, 

the optimum temperature range is between 90 degrees and 140 degrees. Bacteria which release the 

biogas may be present in the manure or may be introduced into the digester. The manure (or other 

wastes) are placed within the digester in the form of a slurry. The content of the slurry should 

contain as near as possible the optimum carbon-to-nitrogen ratio (c/n) by weight of 30:1, to 

maximize the methane production (SEE FIGURE 30). The pH level within the successful digester 
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should remain near neutral (7.0), although it may range from 6.0-8.0. Maintaining a proper pH 

balance is perhaps the greatest problem with a digester. The heat value of the biogas is 500 to 700 

BTU/std ft3. How this fuel is used will be discussed later. Often times a varying quantity of 

hydrogen sulfide (H2S-a poisonous gas which can cause corrosion problems) is produced in 

anaerobic digesters. However, this can be eliminated by a simple, inexpensive process, in which the 

gas 1s passed through Iron filings which absorbs the hydrogen sulfide. S1m1l8r11y, the gas can be 

passed through a lime water (calcium hydroxide) to remove quantities of carbon dioxide and 

ammonia, resulting in an approximate 95 percent methane content (essentially natural gas). This 

filtering process is referred to as "scrubbing". 

The ramifications of anaerobic digestion are considerable when it is realized that we have not only 

the means of dealing properly with our waste products (animal, plant, and human), but we can put 

them to beneficial use. Unlike most other forms of biomass energ/ conversion processes which 

almost totally destroy the input material, anaerobic digestion takes the residue from the process and 

returns it to the land either as a viable fertilizer or, through certain technologies, as an animal feed. 

BASIC PROCESS 

The b8sic process by which an anaerobic digester operates involves various types of bacteria 

which function in an oxygen-free environment. Other variables present in the digester also work to 

either hinder or promote the production of methane. The conversion of the raw materials (organic 

solids) to methane gas involves three basic stages of anaerobic fermentation. The first stage, which 

follows the introduction of the proper organic solids, decomposes the plant or animal matter into 

soluble compounds, such as sugar. The second stage involves the conversion of these soluble 

compounds to organic acids. The third stage converts the organic acids into carbon dioxide and 

methane. Three categories of bacteria are involved in these steps. (SEE FIGURE) 

BASIC PRINCIPLES OF A DIGESTER 

There are many different digester designs for producing biogas, and the type of digester varies 

depending upon such factors as economics, labor, feedstock, and the purpose of the digester. The 

fj— 



basic principal however is the same for all types and is easy to understand. The slurry containing 

organic waste is introduced into an anaerobic (oxygen-free) environment, where it is maintained at 

an optimum temperature. The slurry can be added each day, which provides a continuous digestion 

process, or it can be added to the digester all at once and then left alone until it exhausts its 

production of methane. The slurry should be agitated daily to prevent layering from occurring, 

which will hinder the digestion process. As the fermentation process takes place, carbon dioxide and 

methane gas are produced. This creates pressure within the digester above the slurry level. • The 

pressurized gas is then bled off and put through the "scrub process", which removes quantities of 

carbon dioxide, ammonia and hydrogen sulfide, leaving usuable methane gas (95^), to be used as a 

cooking, lighting or heating fuel for mechanical or electrical energy (i.e. combustion engines). 

When the slurry no longer produces methane it is removed and used as a fertilizer, or it can be dried 

and used as a feed. (SEE FIGURES FOR THE VARIOUS DIGESTER TYPES) 

ADVANTAGES OF THE BIOGAS SYSTEM 

The by-products of the methane digester prove that this system is perhaps one of the most 

efficient of all biomass systems, for there is very little wasted. The advantages include the use of the 

methane itself, which is produced as a viable fuel for cooking, heating and lighting. Methane can also 

be used as a fuel in a combustion engine, most appropriately the diesel type. Thus, the fuel can 

produce electricity, operate mechanical equipment or even be used In the operation of vehicles. 

Methane production can be used at any scale, ranging from the small domestic types, which can be 

seen throughout the country of India, to the large municipal operations. England has a large number 

of sewage plants which utilize anaerobic digestion in the treatment of waste. The plants utilize the 

gas produced so that they remain independent of the municipal energy supplies. London's three 

largest municipal sewage works together produce an average of 5.8 million cubic feet of gas per day, 

the equivalant of just under a quarter of a million gallons of petrol.25 We then must ask ourselves 

the question, why treat waste only as waste when it can be treated better as a fuel? 

Anaerobic digestion produces another valuable by-product, the sludge residue. Taking a closer 

look at this processed organic matter will perhaps help us to understand its potential. Raw material 



r 

such as animal manure or human waste often times carries pathogens (disease-carrying bacteria). 

These organic wastes left untreated have a negative effect on the environment, in that they may 

transmit disease as well as cause foul odors (the system therefore controls unwanted pests and 

vermin). However, when sent through the process of anaerobic digestion, the natural fermentation 

process that takes place more or less renders the sludge free of disease carrying pathogens. The 

infed organic material is broken down biologically with a resultant residue that can be safely used as 

a fertilizer. Seeds are also destroyed in the process, helping to control the problem of weeds which 

can be reintroduced through untreated organic waste. The slurry can be used in a free flowing form 

and broadcast over agricultural lands, or it may be dried out and used as a dry fertilizer. The dried 

sludge may also be used as a bedding for animals or as a cake which is fed back to the animals as a 

supplimentary feed. The advantage of treating sewage waste in this manner is that it renders the 

waste as a resource rather than a potential problem. 

DISADVANTAGES OF THE BIOGAS SYSTEM 

As with any system and its potential application, we must evaluate the advantages along with the 

disadvantages before we make any decision as to the validity and implementation of that system. The 

biogas system does have disadvantages, as I will point out, but i must relate to you that, from my 

analysis, the system's disadvantages are not of the degree to which the system creates ill effects. I 

will use the example of coal and the production of electricity. The advantage of the process is 

valuable electricity, yet with that "clean" energy come air pollutants from the burning of coal, along 

with environmental and ecological problems from the mining of the coal. Biogas does not have this 

degree of disadvantages. 

Perhaps the number one disadvantage of the methane digester Is the initial cost involved. Among 

peasants, because of the initial capital needed, it will most certainly need to be dealt with in a 

manner in which the use of appropriate, locally, available materials to build the digester at a 

minimal cost would be explored. Storage of methane and Its transport can also be a potential 

problem because of the technology involved, as well as the capital. Methane can be stored under 

preassure in the way that propane is stored. However, by its nature it does not lend itself to 



transport in the same way that propane does. Methane must be handled much like natural gas 

because methane (95$) is essentially natural gas. If methane is not scrubbed prior to its use in 

combustion engines, corrosion will gradually take place from the hydrogen sulfide present in the 

digester g8s. The process of scrubbing however is relatively simple and can be done without much 

added cost. Otherwise, the untreated gas can be used directly as a cooking, heating and lighting fuel. 

Methane production requires manitenance and control and in most situations can be somewhat labor 

intensive. In Third World nations, however, this labor ma/ not be of as great a disadvantage. 

Another problem may be in the maintenance of proper operating conditions, maintaining pH balance 

(which can be a difficult problem) and temperature control. There are a variety of different 

approaches to the problem of temperature control and its solution depends upon the various 

circumstances involved. Since the problem is in keeping the temperature of the digester near its 

optimum of 90 degrees Fahrenheit, cooler climates may need to employ insulation, solar heating, or 

even burning methane gas in order to keep the digester warm, in order to bring up the effeciency of 

the system. In larger municipal digesters the cost of transporting liquid slurry may be prohibitive, 

therefore the water content should be at its minimum in order to save transport costs. 

The remaining disadvantage has to do with the safety of the biogas system. By its nature, methane 

when mixed with air (oxygen) becomes a hazard because of its explosive potential. I heard a story 

from my pastor about a man who went on a picnic at the local city park with his family and friends. 

Shortly after arriving, he wondered over to the mens' lavatory and when he opened the door and 

switched on the light, the room exploded in his face. His friends ran over to him and put out the 

flames that were consuming his clothing. When they saw the door to the room, it was badly 

splintered and scorched. Apparently a trap in the unventilated room (probably a floor trap) had 

gone dry and the room filled with methane gas from the main sewer line. From the combination of 

oxygen and the small spark that was created when flipping on the light switch, the room became a 

near death trap for this man, except that the door, for the most part, shielded him from the room. I 

give this example to show the need to practice extreme caution In the use of methane, so that the gas 

is not allowed to mix with air inside of the storage tanks and that it is protected from flames. 



CONCLUSION 

I believe that the use of bio systems, as the countries of India and England are showing us, will 

enable us to battle the problems of sanitation control in the Third World, as well 8s aiding in the 

conservation of ecological snd environmental resources. All too often natural resources are overused 

and depleted, thus leading to serious problems in food production and management. We must continue 

to incorporate biomass systems into our natural resources, otherwise we waste them. 



Figure 30 Carbon-to-N1trog«n Ratio (c/n) 
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Anaerobic fermentation of organic solids. 
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Aerobic Composting 

WHAT IS AEROBIC COMPOSTING? 

Aerobic composting is a biological process that takes place in an open air environment and is 

commonly referred to as composting. Like anaerobic digestion, the composting process breaks down 

the same variety of organic materials. Aerobic composting is characterized by its lack of foul odors, 

speed in decomposition, and high temperatures which are created by the decomposition process. 

Because the composting system creates much more heat than the anaerobic digestion, the system can 

operate with much less maintenance. The organic material which is introduced into the composting 

system contains within Itself the necessary bacteria and fungi which naturally start the process of 

decomposition. When conditions are favorable, these microorganisms will multiply and will begin to 

utilize some of the available carbon and nitrogen as well as other nutrients. As this cycle proceeds, 

heat is generated from the biological oxidation that occurs. Because of the mass of the organic 

material, the outer most layer will create an insulation barrier for the inner core which must 

maintain its operating temperature. The result of this microbiological process is that the chemical 

constituents in the organic material are altered into a form which can be used as a soil conditioner or 

fertilizer. In this state the organic material is referred to as "humus" and the compost pile will 

have cooled down due to the completion of the aerobic process. The humus will actually contain less 

nitrogen than in its undecomposed form, but the resultant nitrogen will be much more usable by the 

plants. Plants can use nitrogen only as ammonia, or as nitrates or nitrites, which are only produced 

during decomposition... much of the nitrogen In raw excreta spread over the land will escape as gas 

and never be fed to the plants.26 

In the composting process, the temperature of the compost pile starts out the same temperature 

as the outside air. As the microorganisms begin to grow the temperature begins to rise in the pile 

and at the core of the pile the temperature may rise to 160 degrees Fahrenheit. In order for disease 

carrying pathogens to be killed the temperature must reach 121 degrees. If the temperature rises 

above 131 degrees then microorganisms are inactivated causing a decline in the decomposting 

activity. The size of the pile has a lot to do with the effectiveness of the decomposting process. The 

climate where the system is being used will be the determinant of how high to stack the pile. 



However, a rule of thumb would be to have the pile a minimum of two feet high. In colder climates 

you may want to have a minimum of four feet as the higher you go, the more insulation value you 

will receive. If you stack the pile too high however, you may need to provide a means for oxygen to 

be able to reach the interior, as a composting system without oxygen will not function. The exact 

percentage of oxygen that is needed for an aerobic situation is not known, but it has been shown that 

in some materials the oxygen level can drop as low as 0.58 before it is considered anaerobic.27 

Moisture is needed in the composting system as well, in order for it to operate properly. If you 

were to have 100 percent moisture you would have an anaerobic situation and if your moisture 

dropped below 40 percent then the moisture content is too low. Experts have agreed that a moisture 

content between 50 and 70 percent is optimal. By turning a composte pile you are able to control 

the moisture and to introduce oxygen as well. 

Just as we have seen with the anaerobic digester, the carbon/nitrogen ratio (c/n) is crucial in 

the performance of composting. For all practical reasons, we can consider the materials and the 

situation to be the same with the optimum c/n ratio at 30:1. (SEE FIGURE 30- CARBON/NITROGEN 

RATIO) The best method for maintaining a proper c/n ratio with human waste is to use grass 

clippings, straw, leaves, etc. and to mix them up as much as possible or to use a leyering technique. 

The same holds true for the pH balance In that the best way to maintain a pH balance Is to be sure to 

use a good variety of organic materials. The pH balance will effect aerobic composting, yet it will 

not effect it in the degree that it does anaerobic digestion. 

HOW IS COMPOSTING USED? 

Composting Is a form of recycling that makes use of organic materials that would otherwise have 

to be dealt with as a waste product with potential problems. Just as we have discussed in the section 

on anaerobic digestion, it is to our advantage to use these waste products to our benefit. Composting 

allows us to take any organic material and, by creating conditions for natural decomposition to take 

place, to treat this material so that we can use it 8S a fertilizer. It provides a means of dealing with 

our waste products, especially on the domestic level. Compost toilets have perhaps been one of the 

most interesting aspects of composting, in that we C8n use an organic system to deal wuth human 



waste. By using a composting privy, we conserve water. Every time we flush a toilet we use five 

gallons of water. In most Third World countries it would not be possible to use the flush toilet on a 

large scale because water Is a more precious resource. "Night soil" has been used In Oriental and 

Asian countries for hundreds of years as a fertilizer. Human waste is a good source of fertilizer, 

except that it carries disease-carrying pathogens. Therefore, compost toilets allow us to continue 

using human excreta as a fertilizer without the pathogens of untreated waste. I have included a 

selection of different composting toilets in the figures. (SEE FIGURES ON COMPOSTING PRIVIES) 

When I lived in Switzerland I was told of a farmer who created a system of heating water with 

composte piles. When he told his neighbors of his idea, they laughed at him. He didn't let that get to 

him though and so he built a very simple system. It consisted of a large composte pile with water 

pipes running throughout it. He then circulated water through the pipes and the heat from the pile 

was transfered to the water, giving him heated water near 100 degrees Fahrenheit. Soon afterwards 

you could see his system throughout the area and the people laughed no more. 

CONCLUSION 

In comparing the composting system with the anaerobic digester, there comes to mind varying 

circumstances where I could see employing one over the other. However, I don't really know if I 

would go so far as to say that one system is superior to the other, mainly because of their 

applications. The composting system does not require as much capital. This has a great significance 

since economics plays such a major role in making any decisions. However, the anaerobic digester 

has more potential on a large scale and can produce the by-product of methane as a viable fuel where 

composting is unable to. Composting requires less in terms of technology and labor. I see that it is 

important to apply the system which will meet the needs of the people whom It will serve. The 

decision as to which system to use will be best decided once the specific circumstances are clear. 

Both systems are beneficial and can be considered viable, especially in a Third World context. 
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Temperature and Time of Exposure Required for 
Destruction of Some Common Pathogens and Parasites 

Organism Observations 

Salmonella typhosa No growth beyond 46°C; death within 30 minutes 
at 55o-60°C and within 20 minutes at 60"C; de
stroyed in a short time in compost environment. 

Salmonella sp Death within 1 hour at 55°C and within 15-20 min
utes at 60°C. 

Shigella sp Death within 1 hour at 55°C. 

Escherichia coli Most die within 1 hour at 55'C and within 15-20 
minutes at 60°C. 

Entamoeba histolytica cysts Death within a few minutes at 45°C and within a 
few seconds at 55°C. 

Taenia saginata Death within a few minutes at 55*C. 

Trichinella spiralis larvae Quickly killed at 55°C; instantly killed at 60*C. 

Brucella abortus or B. suis Death within 3 minutes at 62°-630C and within 
1 hour at 55°C. 

Micrococcus pyogenes var. aureus Death within 10 minutes at 50'C. 

Streptococcus pyogenes . . Death within 10 minutes at 54°C. 

Mycobacterium tuberculosis var. hominis Death within 15-20 minutes at 66 °C or after mo
mentary heating at 67°C. 

Corynebacterium d'rphtheriae Death within 45 minutes at 55°C. 

Necator americanus Death within 50 minutes at 45°C. 

Ascaris lumbricoides eggs Death in less than 1 hour at temperatures over 
50° C. 

Source: C.G. Golueke and P.H. McGauhey, Reclamation of Municipal 
Refuse, Sanitary Engineering Research Laboratory Bulletin 9 (Berke
ley: University of California, June 1953), p. 73. 

Although valuable as a guide to the relative effect of temperatures on pathogens and 
parasites, this chart should not be taken as gospel. According to Dr. Golueke, the 
temperatures represent wet heat, and the chart assumes that the bacteria are dis
persed uniformly throughout the pile so that each is exposed to the high heat; this 
is rarely the case. Actual kills seldom reach 100 percent. 
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Composition of Human Excrement 
Human feces without urine 

Approximate  quant i ty  

0.3-0.6 pound (135-270 g) per capita per day moist weight 

0.08-0.16 pound (35-70 g) per capita per day dry weight 

Approximate  composi t ion 

Moisture content 66-80% 

Organic-matter content (dry basis) 88-97% 

Nitrogen 11 " 5.0-7.0% 

Phosphorus (as P20,) " " 3.0-5.4% 

Potassium (as K20) " " 1.0-2.5% 

Carbon " " 40-55% 

Calcium (as CaO) " " 4-5% 

C/N ratio " " 5-10 

Human urine 

Approximate  quant i ty  

Volume: 1%-2V4 pints (1.0-1.3 liters) per capita per day 

Dry solids: 0.12-0.16 pound (50-70 g) per capita per day 

Approximate  composi t ion 

Moisture content 93-96% 

Organic-matter content (dry basis) 65-85% 

Nitrogen " " 15-19% 

Phosphorus (as P205) " " 2.5-5% 

Potassium (as KzO) " " 3.0-4.5% 

Carbon " 44 11-17% 

Calcium (as CaO) " " 4.5-6% 

Source: Gotaas, Compost ing,  p. 35. 
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Measurements shown are in centimetres 

A = Two vaults 

6 = Squatting slabs 

C =» Removable covers 

D = Step and earth mound 

Section b-b 

Double-vault latrine. 
(From Warner and Lanoix, Excreta Disposal for 
Rural Areas and Small Communities, p. 118.) 
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COMPOSTING 
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var ia t ion on the  Cl ivus  Mul trum.  
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RMNTED BLACK, 
USE ANCHOR BOLTS 
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L. 

PLAN 

VENT PIPE - 10 CM (T 
GALV. METAL OR PVC 4 M. 
LONG, FLY SCREEN AT TOP 

USE 20 CM HOLLOW BLOCKS 
TO MAKE BAFFLE 

PVC AIR DUCT IO CM<F) 

10 CM HOLLOW BLOCKS 

5 CM CONCRETE SLAB 
ON FILL, 3C SLOPE 

VENT HOLE, 5 CM X 20 CM 
PROVIDED WITH FLY SCREEN 

WOOD ACCESS DOOR 

ACCESS 
DOOR FOR 
REMOVAL OF 
ORG AM IC 
MATTER 

END VIEW 

FOOTING 

SECTION B-B 

VENTILATION PIPE 

SOUAT PLATE 

100 ' r 
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V FOR VENT • ; . 
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INITIAL 
BED 

VENT 1 BODY WASTE & GARBAGE ENTER 
CONTAINER THROUGH TOILET CHUTE 

INSPECTION 
OPENING 

DISTRIBUTION 
CONDUITS 

3 

LENGTH: HUMUS 
&&" (1640 MM) 

— HEIGHT 
(TOTAL UNIT): 
51" (1300 MM) 

ACCESS DOOR 

HEIGHT 
(CONTAINER 

* * BOTTOM): 
28" (700 MM) 

DEPTH OF STARTER 
BED-. 8* (200MM) 

51 
Cross section of the Toa Throne. The unit 
operates as follows: 

1. Body waste and kitchen garbage enter the 
container through the toilet chute. 
2. An electric blower draws air out, carrying 
evaporated liquid from the container. Where 
no electricity is available, convection created 
by heat from the decaying process is used for 
ventilation. Gases and the evaporated liquids 
are then conveyed to the outlet above the 
roof by the ventilation stack. 
3. Longitudinal distribution conduits loosen 
up and prevent mass from packing together, 
as well as aerate the mass and drain the urine 
and other liquids to the earth and humus 
bed at the floor of the container. 

4. The air staircase allows air to penetrate 
the decay bed from below. The stairs are in
clined downwards at a 41° angle and cannot 
be obstructed. Thus, fresh air continuously 
circulates through the mass. After the air 
passes through the decaying matter, it is 
drawn off with the gases and the evaporated 
liquid through (2) the ventilation pipe. 
5. After primary decomposition, the mass 
ends up on an initial bed of peat moss and 
compost soil or bark humus. 
6. As the microorganisms decompose the 
mass, it is transformed to humus at the bot
tom of the container near the removal hatch. 
7. The humus is removed through the access 
door from one to three times a year, depend
ing upon the volume of usage. 



The Biodynamic/French Intensive Method of Horticulture 

WHAT IS THE BIODYNAMIC/FRENCH INTENSIVE METHOD OF HORTICULTURE? 

The biodynamic/French Intensive method of horticulture is a combination of varying forms of 

horticulture which began in Europe in the late 1800's. This method has also been given the name of 

"double-dig" gardening or the "raised-bed". The system makes use of a deep growing bed in which 

plants are planted closer together. The bed is made up of a mulchy soil which is rich in fertilizer. 

The close spacing of the plants creates a mini-climate which reduces the weed growth. Basically, the 

space that is utilized for the culture of vegetables and fruits is utilized in such a way that there is 

little room left between the plants that is unused. It is for this reason that the method is called the 

"intensive" method of gardening. The plants, instead of spreading their root system out along the 

surface of the garden bed, make use of the bed's depth and therefore the roots go down much deeper. 

This method of gardening requires much more labor at the start in that the bed must be prepared. 

Once the bed has been prepared however, the garden is much easier to care for. The bed is between 

18 and 24 inches deep and the soil is very loose after preparation. The bed is then protected from 

compression (walking on top of it) and in this condition it can be cared for very easily. The nature 

of the bed allows for weeds to be pulled very easily. 

Watering the garden is done differently as well because you do not want to use too much water. 

Since the soil bed has been airated in the preparation by loosening it, it is much easier for the soil to 

hold moisture. Also, if it is watered too much, the nutrients in the soil are washed down to layers 

below the area where the roots are able to use them. There is a watering system called the "trickle" 

system which provides the best method for putting moisture into the soil. Basically the system 

consists of a series of perforated hoses which are placed on top of the garden bed in parallel lines 

about one foot apart. Water is continually fed through the hose and the water drips very slowly onto 

the bed's surface. The amount of water which flows through the system is somewhat set but can be 

controlled to a certain degree by the water preassure. In doing this, the water can be regulated in 

such a way so that the plants receive only what is needed and the soil is spared leaching and 

compacting from excessive amounts of water. 



The double-dig beds are from three to six feet wide and run parallel to one onother with a one to 

two foot walk space between them. In this way there is no need to walk on the bed since It can be 

serviced from the walkways. They should be layed out in such a way so that from the walk way a 

person can reach and service only half of the garden bed. This is done so as to make the best use of 

the available space for growing. By growing the plants closer together and in a deep bed you can 

produce up to seven times the amount of crop from the same area of land than if you were to use a 

standard bed. For this reason, the double-dig method is desirable in areas where there is limited 

space as well as limited water. This can only be achieved, however, if the bed is properly prepared, 

using compost. The compost is necessary to supply the garden with the required nutrients that it 

needs especially since the plants will have to draw their nutrients from less area. Another 

important factor to remember is that care must be taken not to compact the soil but to maintain its 

airated quality. This method of gardening can make direct use of the compost from systems which 

have been able to kill disease-carrying pathogens. 

Another important aspect in organic gardening is in the planting. There exists important 

information as to where you should plant different vegetables because of the relationships that plants 

have to one another. By planting your garden, paying careful attention to which plants benefit one 

another and which plants hinder one another, you may have an important effect on the full potential 

of the garden. For example, it is good to plant onions next to tomato plants because the onions repel 

pests which feast on tomato plants. On the other hand, if you plant your garden in a north and south 

direction, and you plant zuchini on the south side of a plant which is slower growing in its earlier 

stages, you will find that the fast growing zuchini plants will shade the area to the north and hinder 

the growth of the already slow growing vegetables that are planted there. 

CONCLUSION 

The biodynamic/French Intensive method of horticulture is the most efficient system of growing 

vegetables and some fruits in that it makes the optimum use of land. This system of food production 

should be seriously considered in areas where available land for growing is limited. I have found 

out first-hand from doing our own double-dig garden that the method is very labor intensive. 
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THE DOUBLE-DIG 

1. Spread a layer of compost over entire 
area to be dug. 

2. Remove soil from upper part of first 
trench and place at far end of bed. 

3. Loosen soil an additional 12 inches. 

4. Dig out upper part of second trench 
and throw forward into upper, open 
part of first trench. 

5. Loosen lower part of second trench. 

6. Continue "double-digging" process 
(repeating steps 4 and 5) for remain
ing trenches. 

7. Place soil in mound at end of bed 
into open, upper part of last trench. 

8. The completed "double-dig" bed. 

Note that topsoil is moved forward and 
loosened trench by trench, while sub
soil is loosened without being moved 
or turned. 



wrnm 

cx 
(V 
•4-i 

CO 
>, JO 
a, 
(V 

•*-> 

co 

bo 
• »H 

T3 i CD 
2 
o w 
Q 8 

CO ̂  o 
toHfi: 



mm "• i l l l  

l i s  -< — -n ~ £ >» 
r3 • c O t/i J2 mm 8 .•§ •'s 8 I ; 

2 * 1 ? c -S 
r | | l2§ - * iC M ,/t a^d V) 

S'5.S-&a5 

fi 

jfct % <r.̂  it>>fi 

J 

b^.Ldi 



— -a 

ir OJ 
3 JC (/) «-» 
P H w 
rf 3 
*•" U 3 . 
>» u 
ao.J> 
c _? 
> 08 
c E E w 
>> « 
•° .5 

C T3 OJ i-
x: «J 
H * 

* 2 
c a 

I i 
"O rg 
w v~ = "O 

J5 c 
 ̂nj 

« tf 
* c . 
t r~  ss 
r0 v O 
Q. i_ «) 
re o 25 Vm 

i s  u jy  
Sx o Sr ** JZ 
•n 2 u 
o •= JC 

•n w- u 

U fl g 

° H , -a a. ° 
c 3 «J . 
 ̂ aj •£ -C 

£ ^ S  C  
~  E.S H 
" 2 ^ 2  
'i ̂ c Js 2 i 
5 3 r -s 

C *3 •o .y z, 
5 iC Hi u 
a s. CO 

6 

\  • ;n» ' js ' * .»  ;  vv • '  h  
*<>"7- <•*)•:• x'~ 

\A 'i V1' -rfir.. 

\5 ?vft 



Earth as a Building Material 

Today over one-third of the world's population live in earth homes.28 These homes are not the 

products of scholastic architects but are created by the hands of craftsmen, a vernacular 

architecture, "whatever was homemade".29 Earth construction dates back 10,000 years to the city 

of Jericho, the "world's oldest city". Today there are at least 20 different traditions of earth 

construction. The two most commonly used are pise de terre (rammed earth) 8nd adobe. Rammed 

earth was first used in France in the mid 1500's and adobe was introduced in America by the 

Spaniards. Earth bricks are not energy consuming because they use the sun to dry them. In the 

West, energy used in industrial and domestic construction can represent from 20 to 25 percent of a 

nation's total energy consumption.30 The clays and lateritic soils suitable for use in building 

constitute 74 percent of the earth's crust and therefore rarely need to be purchased or transported 

to where they are needed.31 These are some of the facts that prepare my thesis that earth should be 

employed whenever possible to provide for our shelter needs, especially in areas where the economy 

almost dictates its use. However, as one can well see, the norms do not include earth as a building 

material and it takes some effort to find good practical information on the use of earth in 

construction. Please refer to my bibliography for the relevant books that I have found on the matter. 

Traditional techniques which employ earth as a primary building material vary from place to 

place. In the course of this thesis I will not possibly be able to touch on them all, and therefore I 

will mention briefly a few before I begin 8 longer explanation of those which I believe to be most 

relevant, namely adobe, gefeltan and rammed earth. 

WADDLE-AND-DAUB 

Waddle-and-daub is 8 technique which makes use of mud, straw, and a mesh made from 

interwoven tree branches. This technique is mainly used as an infill for a framed structure. Once 

the frame of a structure is completed and the roof is placed on the frame, an interwoven mesh of 

slender tree limbs is placed between the framing or pilasters. Once this mesh is secured to the 

frame then mud with either animal dung or straw is applied to the mesh and allowed to dry, creating 



a waddle-and-daub wall. The waddle is the mesh made of slender branches and the daub is the mud 

plaster. 

PUDDLED EARTH 

Puddled earth is what its name implies, walls made out of earth that is puddled up. This technique 

uses no form and is done in layers. Earth is puddled high to create a wall, however the earth can only 

be puddled so high before it will slump. Therefore it is mixed stiff and puddled only as high as it will 

go before it begins to slump. Then it is allowed to dry before any more earth is puddled on top. I 

have seen pictures of puddled earth structures which rise two and three stories high. The walls 

carry the loads of the floors as well as their own weight. Roofs are typically flat and the surface 

needs to be plastered each year after the rainy season. 

CINYA-RAM BLOCKS ' 

The cinva ram block house makes use of a technology that was used extensively throughout 

Columbia, South America by Peace Corp volunteers. The system employs a hand operated mechanism 

which compresses earth into a form, creating a consistent size building block. Earth is fed into the 

form with a certain percent of moisture and then, with the use of a long lever arm, the earth is 

compressed into a block. This system is also very adaptable to the use of stabilizers such as cement 

or asphalt. A recommended quantity is mixed Into the soil before it is put into the cinva ram to make 

blocks. I heard a rumor once that these blocks which were made in Columbia are now beginning to 

deteriorate. Before I would use this technique, I would investigate as to whether this rumor was 

true or not. 
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FKil'Rt IVpical jacal construction. A wood framework is filled in and 
plastered with mud. 

A. Cover 
B. Upper Saddle 
C. Mold Box 
D. Baseboard 
E. & F. Upper 

Adjusting Bolts 
G. & H. Lower 

Adjusting Bolts 
I. & J. Guide Plates 

Pi ston 
Lower Rollers 
Lever Latch 
Handle 
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57 Fig. - The CIN'VA-Ram Block Press and Its Parts 
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Adobe 

WHAT IS ADOBE? 

Adobe Is a building block material which is used throughout the world, particularity in arid 

regions, however it is found in semi-wet regions as well. Adobe is made out of a mixture of mud, 

water, and straw, or often times animal dung. The adobe mixture is then placed into a form and 

allowed to dry in the sun. Adobe blocks can be made on a small scale using a two block form where 

the adobe mud is mixed to a stiffer consistence. Because it is mixed thicker, the form can be 

removed immediately and the adobe will hold its sh8pe. This is a very popular technique amongst 

poorer people because there is very little cost involved, only what it t8kes to make the form. On the 

other hand, adobe blocks can be made on a larger scale, using a series of forms which make sixteen 

blocks each. In using this system, the use of a front-end loader is called for to mix the adobe and fill 

the forms. The adobe mud is mixed in a pit by driving the front-end loader back and forth over the 

mud after the necessary straw and water has been added. The forms are laid out on the flat ground, 

butting up against one another, so that there is no space between them. In this way hundreds of adobe 

block forms areread/ to be filled with mud. At this point the front-end loader takes adobe mud from 

the pit with the bucket and transports it over to the forms. It is then dumped over the top of the 

forms and because it is of a wetter consistence, it flows easily into the individual forms. It 

issimiliar to filling 8n ice tray. As the front-end loader returns for more mud, the mud that was 

Just placed into the forms is worked into the forms with a rake. The workers who are doing this are 

the finishers. They 8re the last to touch the blocks until they are dry. Because the mud was mixed 

wetter, the forms will have to be left on for a day or so until the adobe has a chance to dry out enough 

to set up. The forms are then removed, washed, and set up again for the same process to happen all 

over. The blocks are then left to lie flat on the ground until they dry out enough to where they can be 

turned up on their side. The reason that the blocks are turned up is to enable air to better circulate 

to more surface area to dry the blocks more thoroughly. When the blxks are dried well, they are 

then stacked and stored for a period of time to allow for the blocks to cure. The curing times vary 

from one block maker to another. Some recommend six months while others only twenty-four 

hours. In many ways there are no real absolutes. I have only given a general view of the methods of 



making adobe blocks and it should be understood that from these basic methods, ranging from small 

scale to a large scale, variations exist 

SELECTING A SOIL 

In selecting a soil for adobe, you must remember that 74 percent of the earth's crust is usuable 

as an adobe soil. The best place to begin checking for the soil to use is right on the site where the 

structure is to be built. Not all soils will meet the ideal requirements but then all that is really 

needed is a soil that is suitable. Now then, once you have located the site and the potential soil to be 

used in making adobe blocks, you must examine the characteristics of the soil. The soil must contain 

four elements: (1) course sand or aggregate; (2) fine sand; (3) silt; and (4) clay. Most soils will 

contain these elements in varying degrees. The elements act in relation to one another in that the 

sands provide for the compressive strength of the blxk and the silt and clay are the binders which 

hold everything together. The percentages of each element will yield different characteristics in the 

adobe blocks. For example, if the sand content is high then the block will be a stronger strength 

(mainly compressive) but will not be able to resist erosion as well. On the other hand, the block 

which is higher in clay content will not be as strong but will be a greater resistant to moisture 

erosion. Therefore I will propose some very basic rules of thumb. The percentage of clay and silt 

should fall somewhere between 25 and 50 percent. The sand and course aggregate should not exceed 

one quarter inch in diameter for the most part and should not be smooth surfaced as the bond will be 

weaker. To determine the average percentage of the various elements, a simple jar test will suffice. 

Simply take a large glass jar and fill it half full with a soil sample. Next, fill the jar to the 

three-quarters mark with water. With the lid on, shake the jar thoroughly and let it set. When the 

contents settle out, the heavier sands to the bottom and the finer silts and clays at the top, you will 

have an approximate percentage of the different elements. The next step to take is to make some 

sample adobe blocks and do some simple tests on these for strength, durability, and refinement. You 

may want to add some clay to your mix or you may find that you need more sand. It is best to stay 

away from soils which contain organic matter such as roots. 



PUTTING IT ALL TOGETHER 

It was once said that all an adobe house needs is a good hat and a good pair of shoes. Basically, what 

this means is that with a good, waterproof foundation and a good roof, preferably one with an 

overhang or a veranda, that there should be no problem with adobe. For the most part this is 

absolutely true. Exceptions to the case would be areas of high earthquake activity or areas where it 

constantly rains. Adobe is a strong material as long as it is protected from the elements. 

Traditionally, an adobe plaster has been used to protect the surface of the structure. Perhaps of 

greater importance however is the area where the blocks meet the ground, where there is definite 

need of good protection from the possibility of moisture absorbing, through capillary action, into the 

adobe blocks. Other than these problems, an adobe structure will last hundreds and hundreds of 

years. The compressive strength of adobe can easily average 300 pounds per square inch. Caution 

must be taken not to place any concentrated loods onto the top of the adobe wall, such as rafters; a 

collar beam running around the top of the wall will provide a solution for this problem. Mortar is 

used generously in the construction of the walls and is typically the same exact mixture as the adobe 

mud used in making the bricks. It should be made stiff enough, however, so as not to run out when 

the brick is placed on top. 

NUBIAN YAULT 

As I have explained in the section dealing with Hassan Fathy, the Egyptians made use of mud 

bricks in the construction of barrel vaulted roofes. This technique used adobe blxks which were 

made smaller and lighter, as this technique employed no forms in its construction. The nubian vault 

is a catenary curve which is inverted to create the vault. The bricks are inclined against an end wall 

which extends above the height of the side walls. In doing this, the masons need use no form because 

of the gravity which the incline provides. The bricks 8re light enough and the mud is sticky enough 

that the slight gravitational effect created by the incline is adequate to hold the bricks in place. 

These masons are able to create domes without the use of forms similarly. This technique is not 

limited to Egypt but has been used extensively throughout the Middle East, particularity in Iran. 



SEISMIC CONSIDERATIONS 

Adobe is a material which acts well under compression but does very little to counter tension. 

This is not a problem, providing the 8rea where adobe is used does not lie inside a region with a 

common occurrence of earthquakes. India and Guatemala are good examples of countries which 

experience earthquakes regularly and which also make use of adobe as a building material 

extensively. An indepth study was carried out by Intertec in conjunction with the Universty of New 

Mexico in the country of India dealing with the seismic considerations of the vernacular housing. 

Based upon a set of seismic design requirements, they evaluated a wide variety of housing types. 

From this study, it was clearly seen that earth as a building material had many potential dangers in 

the event of an earthquake. In conclusion of each stud/, recommendations were made as to how each 

structure could be Improved in order to better withstand an earthquake. 

GEFELTAN 

Gefeltan is a technique which has been developed by an Iranian architect, Nader Khalili. Gefeltan 

is a Persian word which means earth, water, and fire, those elements which go into the making of 

these structures. Basically, gefeltan makes use of building techniques that are common in the Middle 

East where earth is used. These structures are constructed of earthen walls and roofes. The 

techniques are the same as those which I have just described in the adobe section. The only 

difference is in what is done after the structure is built. With gefeltan, the structure is 

temporarily converted to a kiln and the inside is fired. The windows and doors are blocked by adobe 

blxks and a large burner is placed on the inside of the building. Khalili saw the old kilns that have 

stood for hundreds of years withstanding rain and earthquakes and from this he knew that his 

technique of firing a house in its entirety would work. He employed kerosene as the fuel to use in the 

firing but feels that any fuel will work. The house is plastered on the exterior to insulate the heat on 

the inside and the firing takes about twenty hours. In his book, "Racing Alone", Khalili shares of his 

venture into this technique and the struggles to overcome the barriers set by other people's minds. 

He finally proves the validity of his technique in a rural village which has suffered the loss of homes 

and lives because of the collapse of the domed earth rooes from the weight of the rain absorbed. A 

villager, after seeing Khalili's observation of the ancient kiln on the village edge, offers his home as 



the first to be fired. The building techniques of the kilns and of the homes are very much the same. 

This victory put Khalili on the road to his success with the gefeltan technique. Another aspect of 

gefeltan which is of interest is the glazing which can be used on the interior of the structure 

resulting in a very unique finish, unlike any others. 

The greatest significance in the use of gefeltan is its ability to withstand rain and earthquakes. 

Because of the effect of firing, the adobe blocks change in their composition in such a way that they 

cannot be rehydrated, taking on their original form of mud. This process also fuses the individual 

blocks together so that they act more homogeniously. Because of this factor, Khalili believes that 

this structure can resist an earthquake. By firing his structure on a foundation that allows a slip 

between the two surfaces, that of the foundation and that of the bottom surface of the structure, the 

structure will act like a bowl on a smooth surface. When the surface moves, such as when an 

earthquake moves the earth, the bowl or in this case the structure will slide on the foundation. This 

enables the lateral forces of an earth quake to be countered by the structures ability to slide freely 

on the foundation. In theory I can understand this point, but I am a little more cautious in that I 

would like to see its proof first. The other aspect that is important to consider is the earth that is to 

be fired. In the construction of adobe blocks which I have made, I tried 8n experiment and fired one 

of them to 1,700 degrees Fahrenheit. When the block first came out of the kiln it was strong. 

However, in a week's time the block crumbled into tiny pieces. Apparently the soil content was high 

in lime. In the firing process the lime dehydrated. After the firing, while the block sat out, It 

reabsorbed moisture from the air into the lime and when the lime expanded it crumbled the entire 

brick. It is best to test the content of a soil before firing it because certain elements are hostile to 

the firing process. 

CONCLUSION 

Mud blocks are perhaps the most widely used material in the construction of houses throughout 

the world. Because of their inability to withstand rain and earthquakes it is important to come up 

with technologies that will correct these shortcommlngs. Economics is the limiting factor and so 

these technologies cannot ignore this limitation. There h8s been much talk on stabilizers in the 

construction of the blocks themselves. The best solution I believe is to use technologies which 



provide a good skin, technologies which will enable stuccos to protect the mud blocks. As long as the 

blocks are protected there is no need for stabilizers. A good protection at the foundation level and a 

good roof will enable adobe to last a lifetime and longer. The simple methods for reinforcing the 

structure in seismic 8reas will certainly add to the structure and without a great cost increase. 
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FIGURE Historic adobe foundations. none. *o~OH&. vs>*e.®- Rufcb-t 6"jxt 
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FIGURE Bond/collar b««am*. 
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FIGURE Mud mixing by hand 
method: (A) A simple soak pit allows 
water to penetrate clay material for 
longer periods of time allotting 
easier mixing. (B) Surface mixing 
can be done with a soil pile and 
stockpiled by preventing 
evaporation. 
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You can perform a fairly accurate soil teat by filling a jar with 
1/3 earth and 2/3 water. Then thake the jar and let it settle over
night. In the morning, measure the thickness of the layers. 
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FIGURE Semimechanlzed production. 
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FIGURE Ul Drive-in soak pit with front-end loader. Ib) 1 tiling gang molds with loader. Note 
(he screed rake lor smoothing till at right. (c) l ilting and leveling tirick pour. Note bricks 
tipped for drying in foreground. Id) Leveling the pour with screed rakes, lei Yard layout for 
mechanized production. 100 



Rammed Earth / Pise de Terre 

WHAT IS RAMMED EARTH? 

Rammed earth construction is a method of simple wall building that is found throughout the world 

in areas such as France, North Africa, Eastern United States, and Australia. It is a technique which 

uses earth as a building material much like adobe, except that it can be found in more humid 

climates. The reason that this happens is perhaps because of the fact that adobe requires a curing 

time and rammed earth does not require this waiting period. This is significant in climates that have 

a typical wet and dry season because the dry season lends itself more to construction. 

The construction of a rammed earth wall is different than adobe in that straw is usually not used, 

the moisture in the earth is much lower (about 10-15 percent), the forms are much larger and 

used quite differently, and the earth is compacted into the forms rather than slopped in like adobe. 

Some people feel that the rammed earth wall is merely a refinement of the puddled earth wall. The 

soil content is similiar in proportions to that of adobe and the different elements function in the 

same wsy. The sand and aggregates are the infill and the silt and clay are the binders. 

The rammed earth method uses forms, usually constructed of wood, which are placed in the 

location where the wall is to be built. The usual proceedure is to place the form directly on top of 

the foundation and to secure it there. Earth is then placed in the form in four to six inch layers at a 

time and tamped down. Tamping can be done with a hand tamper or by a pneumatic, air-compressed 

tamper. The tamping action compacts the earth to one-half of the volume that was originally placed 

in the form. Thus, if you placed a six inch layer of earth in the form you will have a three inch 

layer after compacting. When each layer is tamped completely, an additional layer is added and 

tamped. This process continues until the form is completely filled. At this point, the form is 

removed and moved to the adjacent spot on the foundation, next to the first rammed earth section. 

With rammed earth, there is no waiting period for the walls to dry before removing the forms and 

the size of each section depends on the size of the form. An average size for each section would be 

three feet high, five feet long, and twelve to twenty inches thick. The whole process can be done with 

a single form. When each section is completed it is simply taken apart and reassembled in the nest 



location. 

When the first level is completed, the form is placed on top of the layer which is sitting directly 

on top of the foundation wall, and the process continues. The height of the wall rises as you complete 

each layer. When placing the form on top of the first layer, to ram the second layer, the form should 

be placed over the top of the joint of the sections below it. In this way, each section acts 8S a brick 

does in a brick wall. Just as each brick is off-set to eliminate a continuous joint, so each section is 

off-set to eliminate a continuous joint. 

Another technique used in rammed earth construction is to provide a keyway between the sections 

in the wall. These keyways help to Interlxk the sections that are next to one another. This is done 

by building a keyway onto the end sections of the form. Thus, when the tamping is completed, an 

indentation will remain in the end of the section which resembles a groove in a tongue-in-grove 

board. When the form is placed adjacent to this section to begin tamping a new section, the end of 

this adjacent section with the key will become the end section of the form. The end process will 

resemble a section of interlocking tongue-in-grove. The process is not as difficult in reality as I 

have made it sound and a close look at the figures will best explain the keyway. 

In determining the correct soil to use, the guidelines which I have given for adobe can be applied. 

Soils with a silt and clay content between twenty-five and fifty percent should be adequate and 

aggregates for the most part under a half of an inch with a good quantity of smaller aggregates and 

sand should be sufficient. The moisture content should be around ten to fifteen percent and this can 

be tested by a very simple method. Take a handful of soil which represents a good sample of the soil 

to be used 8nd compact it in your hands like a snowball. The soil should stick together with no 

problem because of the water acting with the clays and silts in the soil. Next, take the soil ball and 

hold it about five feet above a piece of plywood which is laying on the ground. Drop the soil ball onto 

the plywood and observe. If the soil ball still is clumped together then the moisture is too high and It 

should be dried out. If the soil ball did not form well in the first place then the moisture content is 

too low and water must be added. However, if the soil ball shattered when dropped onto the plywood 

surface then the moisture content is what is needed. 



Just as with adobe, there is a problem with concentrated loads on the top of the wall; therefore a 

collar beam must be used. Rammed earth can be used for multi-level construction, but the thickness 

of the walls will have to be increased at the lower levels in order for the structure to be sound. Roof 

structures can vary from flat ones to pitched ones but it should be understood that rammed earth, 

like adobe, does not act well in tension and therefore, should not be subject to tensile stresses. By 

its nature, rammed earth is very labor intensive when done by hand. However, with the use of a 

roto-tiller, an air compressed pneumatic tamper, a front end loader, and a set of three forms (Four 

foot wide x eight foot tall x fourteen inches thick), a house can be constructed in a relatively short 

period of time. There are companies in the United states that can put up the walls for a single-level, 

three to four member home of rammed earth in a single working day. Machinery can certainly save 

time and lsbor, which would make rammed earth a reasonable material to build with in developed 

countries. However, because of the availability of labor in the Third World, it would be better to 

employ the people to do the complete construction. 

Just as with adobe, a rammed earth structure needs a good pair of galoshes, a leak-proof hat, and 

a water-proof jacket if it is to last a long time: a good foundation, a sturdy roof, and a protective 

coating on the exterior walls. Design decisions must be made based upon the climate in question. For 

a desert climate which receives little rain it would not even be necessary for a foundation, or a 

stucco surface on the exterior wall and if the roof leaked, there would be no problem, any rain would 

probably feel good coming inside the house. In fact, this is the building techniques which millions of 

people employ. As a westerner, I must be careful not to impose my own standards where they need 

not be imposed. If the construction techniques pose a health problems or provide a menace to the 

people, this is one thing. But if the building standards do not meet my western expectations, then 

this is another thing and I have no business interfering. 

CONCLUSION 

I have attempted a rammed earth structure using only hand techniques and I have learned the true 

meaning of "labor-intensive". A rammed earth structure is not one to do alone but instead to do 

cooperatively as Hassan Fathy suggested. I stand strongly behind the use of rammed earth. 
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FIGURE Hand rammer. From Build Your House of 
Earth, Middleton. 
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104 

HGl'KK (a) Alternate forming 
method. This type ol' form uses 
standard plywood and lonK pipe 
clamps. It itt easily removable and 
reusable. Drawing courtesy Ihe 
Hammed tlurth Experience, David 
Faston, Farth Resources I'ec hnoloKy 
Onter WUseyville, California, 'hi Plan 
view i-orner form (Eastonl. if) Plan 
view alternate form i Faston). 
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KK.l'KI. Small rolling slip 
form. Thin tvpr of form is 
vpMHttlc anrl may be »ct in plaee 
and rrmmrd rapidly. Thr tall 
struts extending above thr form 
eliminates the need for 
through bolting at the bottom 
of the form. From Build Y'riur 

House of Earth, Middleton. I 

FORM FOR RAMMED EARTH 
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MILLER RAMMED EARTH FORM 

1-1/2" X3' X8' PLYWOOD 

1/4" X 2-3/4" SLOT 

1/8-X 3" X 6" X 7" STEEL WEDGE 

1/8" X 2-1/2" X 36- STEEL 

1/8" X 4" X 8" STEEL 

2" X 4" X 48" 

r X 4" X 6" 
1/4" X 2" SLOTS SET FOR 12", 14". AND 16" WALLS 

FKiL'RE Alternate corner form. From Build Your House of Earth, 
Middleton. 
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Technologies Using Wind and Water for Power 

For literally thousands of years man has used wind and water as a source of energy to power 

mechanical equipment. It is clearily seen that these power sources have played a tremendous role in 

the evolution of western culture as men have sought to mechanize their labor. In this section of my 

thesis I would like to deal in broad terms with the use of wind and water as an appropriate technology 

in Third World settings. With the rising costs of energy, the western world is returning to old 

methods of harnessing the wind and moving streams, and converting these natural energy sources 

into valuable power generators. As technology is advanced we are able to convert these natural 

resources into usueble energy more efficiently. However, the cost for this higher-tech equipment is 

in most cases prohibitive In the Third World. Therefore, we must evaluate which technologies are 

appropriate for each given situation. 

THE WATER WHEEL 

Invented about a century or two before the year of our Lord, the water wheel began to replace the 

labor of men and became the turning point for technology. These wheels saved labor, increased 

production tremendously and made possible those enterprises which would not have been possible 

without the energy of the water wheel, particularity the verticle water wheel. The water wheel can 

be applied in a wide variety of tasks, such as to full cloth, to produce hemp, to saw timber, to shape 

iron, to bore pipes, to crush sugar, to tan leather, to drain water from deep level mines,32 to raise 

water to serve the aquaducts, to irrigate, to mill flour and other grains, and a number of other tasks. 

Truely, the water wheel revolutionalized the industry of that time. "If there was a single key 

element distinguishing western European technology from the technologies of Islam, Byzantium, 

India, or even China after around 1200, it was the West's extensive commitment to and use of water 

power".33 



The water wheel takes on three basic forms. The horizontal water wheel, the verticle undershot 

water wheel, and the verticle overshot waterwheel. Because the horizontal water wheel could be 

used to turn a mill stone without the utilization of gearing, the cost of this wheel was lowest. 

However, the performance was very poor as the wheel required a relatively small amount of water 

with a high fall. The vertical water wheels on the other hand were much more efficient. Of all three 

wheels used for powering equipment the overshot wheel is by far the superior. 

The undershot wheel is best used in irrigation systems or to raise water to an aquaduct. The force 

of the stream exerts pressure against the underpart of the wheel causing the wheel to revolve 

around. By attaching buckets to this wheel, the force of the stream con provide the necessary energy 

to revolve the wheel while filling buchets with water. When the buckets reach the upper most 

height they are dumped into a trough which carries the water to a designated place. As the buckets 

return to the level of the water they fill up with their submersion into the stream. The distance that 

the water is lifted is equal to the diameter of the wheel. In Syria there is a water wheel that is used 

to lift water to a height of over sixty feet. 

The overshot water wheel is used primarily to supply power to machinery. This system makes 

use of a water wheel which is fed at its upper height by flowing water. It is primarily the weight of 

the water along with the distance of the lever arm (the radius of the water wheel) which provides 

the power to turn the wheel. This system is by far the most efficient in terms of its power output, 

but requires a gearing system to make the power usable. Before the use of irons and metals for 

gears, hard woods were used. These gearing mechanisms were bulky but effective. It is surprising 

that these systems are not used more today with metal gearing systems that are available. It would 

be very easy to salvage the rearend 8nd transmission out of an old, junked car and to convert it to be 

used in a water-powered enterprise. The production of electricity could be a very simple task also, 

by building a small water turbine which could power a small electric generator. The possibilities 

are many. 



CONCLUSION 

! have incorporated a series of diagrams which will give examples of water wheels and their uses. 

It is interesting to look at some of the gearing devices and to imagine how these systems might have 

worked. In the underdeveloped countries where mechanical systems have not been employed due to 

economic restraints, the water wheel would be a very appropriate technology to apply. 

The Wind Mill 

When you think of Holland what comes to mind? Wooden shoes and windmills. The wind mill is 

no spring chicken either. There existed horizontal wind mills in Persia as early as the tenth 

century and perhaps even earlier. These horizontal mills also became common in China and are still 

used in China's rural areas today in much the same way as they were used centuries ago. China made 

use of a crude type of windmill with cloth sails to power irrigation systems. Just as we have seen 

the water wheel utilized in a wide variety of ways, so has the wind mill been used in the same great 

variety. The gearing systems are much the same except that they convert the natural energy 

resource of the wind into power, instead of the gravitational effect on water. 

Today, the western world is using wind to produce electricity on large scales. Water is still the 

best producer of power as we can see with our hydro-electric damns, but in areas where wind is in 

abundance and water is not so available, wind can be a great source of energy. I will include a 

variety of figures which will best explain the varying types of wind mills which have been in use 

and which continue to be used. 

Energy from the wind can be beneficial in producing power via appropriate technologies, but this 

is not the only value in wind. In hot, arid regions of the Middle East and Africa, wind is used as a 

cooling element. Usually, cool winds will come out of the same direction everyday and therefore 

wind-scoops can be utilized to pull these cool, refreshing winds into the interior of dwellings and 

serve to cool naturally. 6y runnng this moving air across the surface of water or through a water 



soaked mesh, additional cooling can be acquired. From this, we can see that the natural resource of 

wind is not limited to its conversion into power, but that it can be used in its natural state as well. 

CONCLUSION 

The potential for wind is tremendous in Third World countries in areas where it is an available 

natural resource. Another aspect to consider, however, in the application of appropriate technology 

is the combination of water and wind as an energy source. Because wind is not always reliable, 

water power can be used as a primary energy source because of its consistence, and wind, which is 

geared into the same system, can be used as it is available to increase the power. 

no 
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FIGURE Undershot vertical water wheel. The principal components are (a) axle or 
shaft; (b) spokes or arms; (c) head race; (d) tail race; {e) sluice gate or chute, the device 
which regulates the admission of water onto the water wheel; if) floats, floatboards, 
blades, or paddles; (g) rim (the circular built-up felloes to which the arms are mortised and 
the floatboards attached); (h) starts or supports, pieces of wood or metal projecting from 
the rims to which the floatboards or blades are secured. 

FIGURE Overshot vertical water wheel. The principal components are (a) axle or shaft; 
(ib) spokes or arms; (c) head race (flume); (d) tail race; (e) penstock or chute; (/) head or fall; 
(g) impact or velocity head, the portion of an overshot wheel s fall which provides velocity 
to the water prior to its entrance to the wheel; (h) rims or shrouds, the rings which form the 
sides of the buckets of overshot wheels (some undershot wheels may also have shrouds); 
(0 buckets, the peripheral compartments used to retain water on the working side of the 
overshot wheel; (/) soal or sole, the boards parallel to the shaft which form the inner 
enclosure of the buckets and to which the buckets are attached; (k) rising boards, boards 
radial to the shaft in overshot wheels, nailed to the soal and forming the bottom of the 
buckets; (0 bucket boards, boards which form the sloping, as opposed to the radial, 
c o m p o n e n t  o f  b u c k e t s  i n  s o m e  o v e r s h o t  w h e e l s .  I l l  
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84 OVERSHOT OR PITCHBACK WHEEL 

FIGURE Smeaton's shuttle, or 
pencrou^h, for reversing the rotation 
of traditional overshot wheels. This 
enabled them to operate better in 
flood waters. 

85 116 
FIGURE TWO methods of attaching sheet-iron buckets to the soal of iron water 
wheels. Left, Cuckets directly riveted to the soal of the wheel without the use of angle iron. 
Reinforcing spacers were also frequently used with this design. Right, Buckets secured to 
the soal and shrouds (a, a.) by pieces of angle iron (k, k, k) and reinforced by spacers (m). 



FIGURE Roman watermiil in the Athenian Agora (reconstruction). This fifth-century 
watermill used reduction gearing, probably because of the high velocity given the water 
wheel by water falling down the steeply sloping chute. 
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Ground plan of the Roman flour factory at Barbegal. The channel of an 
aqueduct was divided into two channels and led down a slope in two sets of eight terraced 
fails, providing the means for operating 16 water wheels, probably overshot. 

FIGURE Probable appearance of the Roman flour factory at Barbegal, c300 A.D. 
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Artist's conception of a vertical-axis Persian windmill. By 700 AD, 
machines like this were grinding grain in the Middle East. 
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Figure 97 
Netherlands "Tjasker"-type rotor and water pump 
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Figure 

98 
Steel-washer chain-
type water pump 

Figure 

99 
Square wooden enclosed 
chain-type water pump 
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100 
Figure Chinese diagonal-axis rotor water pump 
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Figure Hybrid Asian wind-powered water pumping system 
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Chinese vertical-axis rotor 

C»ntr»l 
thofl 

Turks and Caicos islands vertical-axis rotor 
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Greek sail rotor water pump 
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Figure 

106 
Thai sail rotor water pump 
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Figure 

107 
4-blade metal rotor water pump at lie de Noirmoutier, France 
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Thai jib-sail rotor 
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113 Bourn Mill, Cambridgeshire 

The surviving machinery of this old post mill is largely of early nineteenth 
century date, but reproduces the ancient arrangement, the brake wheel (centre) 
driving a single pair of stones. The mill was converted to the 4head and tail' 
layout by the addition of an iron tail wheel (bottom left) near the heel of the 
windshaft. This drove a second pair of stones, since removed, while a friction 
drive taken from its rim provides power for secondary machinery. The wooden 
windshaft has been modified by the addition of an iron poll end (right) and the 
mill is equipped with two 'common' and two 'spring' sails. Both shutters and 
springs have been removed from the latter, and are not shown in the drawing. The 
hoist bollard, visible above the windshaft (centre), is driven by a chain from a 
pulley mounted in front of the brake wheel. The wooden brake is operated 
by the heavy horizontal lever to the right of the stones. Beneath the brake 
lever can be seen the governor, engaging with the forked end of the steelyard. 
Scale in metres 
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Heme Mill, Kent 

The drawing shows the arrangement of the principal 

machinery in a large Kentish smock mill. Power is suppliec 

by double shuttered patent satis (right), with a span 

approaching 70 ft. The existing sails are not identical, 

two having been salvaged from another mill. They are 

mounted on an inclined iron windshaft, through the centre 

of which passes the striking rod. The striking rod carries, 

at its forward end, the spider (top right) which actuate 

the shutter bars through iron bellcranks or 4triangles'. ' t 

iron windshaft is a replacement, and the wooden brake et 

(centre) has been modified by the insertion of an iron frame 

The wooden handbrake around its rim is operated by the 

horizontal lever or brake stajf (centre foreground). On 1 

centre line of the mill is the original main vertical shaf 

carrying at its upper end the wa I lower, and at tts foot ine 

great spur wheel, both of traditional timber construction. 

The spur wheel supplies power to three pairs of over-drivet 

millstones, through stone nuts mounted on long iron <}u 

It also drives an iron countershaft through a fourth 

pinion (centre foreground). Below each pair of stones 1 

be seen the bridge tree, brayer, and steelyard, the system 

of levers which supports the spindle and permits automatic 

tentering by means of the governor. In one case (botton 

left), this linkage remains intact. Below the other storu 

it is shown restored. Automatic 'winding' is ejfected by a 

fantail (centre left) linked through gearing to an iron wor 

which meshes with the cogged wooden curb on which tl 

cap revolves. An iron crank handle allows manual oper 1 
from within the cap. The hoist bollard (partly obscure 

by the curb, right) is powered by a simple friction drive 

from the underside of the wallower. Scale in metres 
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Components of an American Farm windmill. Gears and crankshaft convert rotary 
power into the up-down motion of the sucker rod. 
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DC PUMP WATER TANK 

A simple wind-powered electric pumping system. The only storage is a large water tank 
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A complete wind-electric water-pumping system. The well pump is just one of several loads powered by this 
windcharger 
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124 
Components of a typical propeller-type wind generator. 



ABOUT VITA 

Volunteers in Technical Assistance (VITA) is a private, non

profit, international development organization. It makes avail-

aole to individuals and groups in developing countries a 

variety of information and tecnnical resources aimed at foster

ing self-sufficiency—needs assessment and program development 

support; by-mail and on-site consulting services; information 

systems training. 

VITA promotes the use of appropriate small-scale tecnnologies, 

especially in the area of renewable energy. VITA's extensive 

documentation center and worldwide roster of volunteer tecn

nical experts enable it to respond to thousands of tecnnical 

inquiries each year. It also publishes a quarterly newsletter 

and a variety of technical manuals and bulletins. 

VITA's documentation center is the storehouse for over 40,000 

documents related almost exclusively to small- and medium-scale 

technologies in subjects from agriculture to wind power. This 

wealth of information has been gathered for almost 20 years as 

VITA has worked to answer inquiries for technical information 

from people in the developing world. Many of the documents con

tained in the Center were developed by VITA's network of tecn

nical experts in response to specific inquiries; mucn of tne 

information is not availaDle elsewnere. For tnis reason, Vir* 

wisnes to make tnis information availaole to tne puDlic. 

For more information, contact VITA, 1815 Nortn Lynn street. 

Suite 200, Arlington, Virginia 22209-207 9, LSA. 
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CONCLUSION 

In the time that I was able to prepare myself to work in a Third World setting, I have tried to 

provide myself with the necessary understanding and knowledge that would help me to be effective. I 

was able to explore the ideas that have been set down by other men in their understanding of the 

poverty and oppression which exists in our world, along with their hopes and desires to to be a part 

in resolving these problems. ! do not believe that poverty will end tomorrow, nor that my 

involvement will even make a very large dent towards resolving the problems amongst the poor, but 

I do desire to gear my efforts towards a positive resolution. Perhaps the best way that I have been 

able to prepare myself is in building for myself a framework on which i can stand. In looking at 

the whole picture, 8S overwhelming as it is, I feel better prepared to enter through that threshhold 

which seperates the developed world from the underdeveloped world. This framework was probably 

best put into its context through the role models that I have studied, most especially Hassan Fathy. 

I think that people need role models who will provide, through their lives, an example, someone 

whom we can model different aspects of our life after. Then, once we have the desire to reach out, we 

need to have something to offer beyond that desire to help. I am continuously trying to build my 

vocabulary of skills which can be applied in a Third World setting. I have my training as an 

architectural student and my self-taught understanding of different appropriate technologies from 

which I can draw. However, this learning process must be a continuous one and so I will continue to 

add to my resource file in days ahead. But now, I must fulfill a most important need, and that is the 

need to gain some practical experience . In theory, all that I have learned should apply but the real 

test is still ahead, the actual manifestation of my education. This is where I presently sit and I am 

hoping that my year in Mexico with my wife and child will provide for me a valuable learning 

experience. 



' 



FIGURE REFERENCES 

Figure no. Reference 

1 The World Almanac and Book of Facts 1982. 
2 The Ending Hunger Briefing Workbook 1984. 
3-17 Fathy, Hassan, Architecture for the Poor. 
18-29 Architectural Record "Building Types Study-Human Settlements" 

(May 1976). 
30 Taken from various common sources. 
31 - 32 National Academy of Science, Methane Generation from Human. 

Animal, and Agricultural wastes. 
33-36 Marynell, Peter-John, Methane: Planning a Digester. 
37-40 Lichtman, Robert Jon^ Singas Systems in India. 
41-46 Stoner, Carol Hupping, ed., Goodbye to the Flush Toilet. 
47 Veranda, Fernando, The Art of Building in Yemen. 
48-51 Stoner, Goodbve to the Flush Toilet. 
52-55 Jeavons, John, How to Grow Vegetables. 
56 McHenry, Paul Graham, Jr., Adobe and Rammed Earth Buildings: 

Design and Construction. 
57 VITA, "Making Building Blocks with the Cinva-Ram." 
58 Metalibee LTDA, "Cinva-Ram Blxk Press." 
59-62 McHenry, Adobe and Rammed Earth Building. 
63 Mother Earth News, (other information is lost) 
64-66 Kern, k., The Owner Built Home. 
67-69 McHenry, Adobe and Rammed Earth Building. 
70 Kern, The Owner Built Home. 
71-72 McHenry, Adobe and Rammed Earth Building. 
73 Popular Science,"Rammed Earth." (Dec 1981). 
74 Kern, The Owner Built Home. 
75 Mother Earth News, "Living in the Earth." (Jan-Fed 1980). 
76 McHenry, Adobe and Rammed Earth Building. 
77 Popular Science, "Rammed Earth House." (Nov 1982). 
78-79 Reynolds, Terry s., Stronger than a Hundred Men. 
80 Reynolds, John, Windmills & Water mills. 
81 - 89 Reynolds, Terry S., Stronger than a Hundred Men. 
90-93 Reynolds, John, Windmills frWatermills. 
94-95 United Nations-Preceedings of the meeting of the Expert Working 

Group on the use of Solar and Wind Energy. 



FIGURE REFERENCES (CONTINUED) 

96 Park. Jack. The Wind Power Book. 
97-111 United Nations, Preceedinqs Energy. 
112-115 Reynolds, John, Windmills and Watermills. 
116 United Nations, Preceedinqs .. Energy. 
117-118 Park. Jack. The Wind Power Book. 
119-121 United Nations, Preceedings... Energy. 
122-124 Park, Jack, The Wind Power Book. 



ENDNOTES 

1The World Almanac & Book of Facts 1982, (NY: Newspaper Enterprise Assoc., Inc., 1981), 
p. 731. 

2Michael P. Todaro, Economic Development in the Third World. 2nd ed., (NY: Longman, 
1981), p. 32. 

Encyclopedia Britannica, (Chicago: Encyclopedia Britannica, Inc., 1960), vol. 18, p. 384. 
4P ranees Moore Lappe and Joseph Collins. Food First. (NY: Ballantine Books, 1978), p. 83. 
5Jean Dethier. Down to Earth, trans. Ruth Eaton, (NY: Facts on File, 1983), p. 11. 
6Tod8ro, Economic Development in the Third World, p. 166. 
7lbid.,p. 168. 
American Heritage Dictionary. 
90andhi 
,0H8Ssan Fathy, Architecture for the Poor. (Chicago: The University of Chicago Press, 

1973), p. 25. 
11 Jean-Louis Bourgeios, Spectacular Vernacular. (Salt Lake City: Peregrine Smith Books, 

1983), p. 90. 
12The American College Dictionary. 1948 ed., s.v. "architect". 
15Todaro, Economic Development in the Third World, p. 245. 
l4Fathv. Architecture for the Poor, p. xii. 
15Ani1 Agarwal. Mud. Mud. (London: IIED, 1981), p. 1. 
,6lbid, p. 27. 
17lbid, pp. 20-21. 
18John F. Turner, Housing by People; Towards Autonomy in Building Environments, (NY: 

Pantheon Books, 1977), p.54. 
,9omitted 
20Agarwal, Mud. Mud, p. 21. 
21 Ibid, pp. 19-20. 
22Fathy, Architecture for the Poor, p. 21. 
23Michael Y. Seelig, The Architecture of Self-Help Communities, (NY: Architectural Record 

Books), pp. 22-25. 
24!bid, pp. 37-41. 
25Bell, Boulter, Dunlop and Keller, Methane; Fuel of the Future, (Stable Court, Chalmington, 

Dorchester, Dorset DT2 OHB: Prism Press, 1973), p. 26. 
26Carol Humping Stoner, ed., Goodbye to the Flush Toilet. (Emmaus, PA: Rodale Press, 

1977), p. 44. 
27lbid, p. 46. 
28Pethier.Pown to Farth. p. 7. 



END NOTES (CONTINUED) 

29Bourgeois, Spectacular Vernacular, p. 91. 
50Pethier, Down to Earth, p. 14. 
31 Ibid. 
32Terry S. Reynolds, Stronger than a Hundred Men: A History of the Vertical Water Wheel. 

(Baltimore: The John Hopkins University Press, 1983), pp. 4-5. 
33lbid, p. 5. 



« 

BIBLIOGRAPHY 

HhH 

I -

s i 

Abrahms, Charles. Man's Struggle for Shelter in an Urbanizing World. Cambridge: M.l.T. 
Press, 1964. 

Agarwal,Anil. Mud.Mud. London: IIED, 1981. 

Aguilar, Nona. No-Pill No-Risk Birth Control. New York: Rawson, Wade Publishers Inc., 
1982. 

Aller, Paul and Doris. Build Your Own Adobe. Stanford University, California: Stanford 
University Press, 1947. 

Anderson, Kaj Blegvad. African Traditional Architecture. London: Oxford University Press, 
1977. 

Architectural Record. "Building Types Study: Human Settlements." (May 1976). 

Barnhart, Clarence L., ed. The American College Dictionary. N.Y.: Random House, 1948. 

Bell, Boulter, Dunlop and Keiller. Methane: Fuel of the Future. Stable Court, Chalmlngton, 
Dorchester, Dorset DT2 OHB: Prism Press, 1973. 

Berglund, Magnus. "Rammed Earth", Fine Home Building 11 (Oct/Nov 1982). 

Borgstrom, Georg. The Hungry Planet. N.Y.: Macmillan Publishing Co., Inc., 1973. 

Bourgeios, Jean-Louis. Spectacular Vernacular. Salt Lake City: Gibbs M. Smith, Inc., 1983. 

Bouyoucos, George J. Making Mechanical Analysis of Soils in Fifteen Minutes. Michigan 
Agricultural Experimental Station: Published Feb 20, 1928. 

Cantrell, Jacqueline Phillips. Ancient Mexico: Art. Architecture, and Culture in the Land of the 
Feathered Serpent. Dubuque, Iowa: Kendal 1 /Hunt Pub 1. Co., Inc., 1984. 

Clifton, James R. Preservation of Historic Adobe Structures. Wash. D.C.: U.S. Dept. of 
Interior-National Park Service, Feb 1977. 

Congdon,R.J. Appropriate Technology. Emmaus.PA: Rodale Press, 1977. 

Corbett, Michael N. A Better Place to Live. Emmaus.PA: Rodale Press, 1981. 

Craven, Margaret. I Heard the Owl Call Mv Name. Garden City, N.Y.: Doubleday & Co., Inc., 
1973. 



BIBLIOGR APHY (CONTINUED) 

Darrow, Ken, and Pam, Rick. Appropriate Technology Sourcebook. Vol. I. Volunteers in Asia, 
inc., 1981. 

Darrow, Ken et. al. Appropriate Technology Sourcebook. Vol. 11. Volunteers in Asia, Inc., 1981. 

Day, Richard. "Rammed Earth", Popular Science (Dec 1981). 

Denver, Susan. African Traditional Architecture. N.Y.: African Publ. Co., 1978 

Dethier, Jean. Down to Earth. N.Y.: Facts on File, Inc., 1983. 

Duly, Colin. The Houses of Mankind. London: Blacker Calmann Ltd., 1979. 

Ellington, Karl J. Modern Pise-Building. 1924. 

Encyclopedia Britanica. Poverty (Vol. 18). Chicago: William Benton, Pub., 1960. 

Fathy, Hassan. Architecture for the Poor. Chicago & London: Univ. of Chicago Press, 1973. 

Fitzgerald, George R. Communes. N.Y.: Paulist Press, 1971. 

Fried,Jonathon L.; Gettleman, Marvin E.; Levenson,DeborahT.; andPeckenham,Nancy; eds. 
Guatemala in Rebellion: Unfinished History. N.Y.: Grove Press Inc., 1983. 

Fowlkes, Charles W. Montana Solar Data Manual. Helena, MT: Montana Dept of Nat. Resources 
and Conservation (Grant no. 146-811), 1981. 

Fraser, Douglas. Yillage Planning in the Third World. N.Y.: George Braziller, 1968. 

Gardi.Rene. Indigenous African Architecture Transl. by Sigrid MacRae. N.Y.: YanNostrand 
ReinholdCo., 1973. 

Grigg.D.B. The Agricultural Systems of the World. Cambridge: Cambridge Univ. Press, 1980. 

Habraken, N.J. Supports: An Alternative to Mass Housing. Transl. by B. ValkenburgARIBA. 
N.Y.: Praeger Publ., 1972. 

Harper Study Bible. Revised Standard Yersion.' Grand Rapids, Michigan: Zondervan Bible 
Publishers, 1952. 

Helion Model 12/16 Windmill Plans. Helion Inc., Box 445, Brownsville,CA95919, 1975. 

Hunger Project, The. The Ending Hunger Briefing Workbook. 2015 Steiner Str., San Francisco, 
CA 94115, 1984. 



BIBLIOGRAPHY (CONTINUED) 

INTERTEC and the Univ. of New Mexico, For the Office of U.S. Foreign Disaster Assistance, Agency 
for the International Development. Vernacular Housing in Seismic Zones of India. Grant no. 
ASB-0000-G-SS-4083-00, Dec 1984. 

Jeavons, John. How to Grow Vegetables. Berkeley: Ten Speed Press, 1979, pp. 2-15. 

Khalili, Nader. Racing Alone. San Francisco: Harper and Row, 1983. 

Lappe, Frances Moore, and Col 11ns.Joseph. Food First. N.Y.: Ballantlne Books, 1978. 

Leckie, Jim; Masters, Gil; Whitehouse, Harry; Young, Lily. More Other Homes and Garbage. 
San Francisco: Sierra Club Books, 1981. 

Lennoux, Penny. Cry of the People N.Y.: Penguin Books, 1982. 

Lichtman, Robert Jon. Biogas Systems in India. Arlington, Virginia: VITA, 1983. 

Longacre, Doris Janzen. Living More with Less. Scottdale, Penn.: Herald Press, 1982. 

Manshard, W. Tropical Agriculture. London: Longman, 1979. 

Maynard, Theodore. Richest of the Poor; The Life of St. Francis of Assisi. Garden City, N.Y.: 
Doubleday & Co., Inc., 1948. 

Mazria, Edward. The Passive Solar Energy Book. Emmaus.PA: Rodale Press, 1979. 

McDiwell, Bart. "Mexico City--An Alarming Giant" r National Geographic (Aug 1984). 

MchardJanL. Design with Nature. Garden City, N.Y.: Doubleday & Co., Inc., 1971. 

McHenry, Paul Graham, Jr. Adobe and Rammed Earth Building: Design and Construction. N.Y.: 
John Wiley and Sons, 1984. 

Merrill, Anthony F. The Rammed Earth House. N.Y.: Harper and Brothers, 1947. 

Meynell, Peter-John. Methane: Planning a Digester. N.Y.: Schocken Books, 1976. 

Miller, David J. and Lydia. "Living in the Earth", Mother Earth News (Jan/Feb 1980). 

Montagne, Cliff, and Ford, Gary. Soil Science Lab Manual. Bozeman, MT: Montana State Uni., 
Dept of Plant and Soils. 

Moos, Rudolf, and Brownstein, Robert. Environment and Utopia. N.Y.: Plenum Press, 1977. 



BIBLIOGRAPHY (CONTINUED) 

Mother Earth News. "Chinese Raised Gardens." (liar/Apr 1981): 190-191. 

"Biodynamic/French intensive Gardening." (Jan/Feb 1980): 92-94. 

Mum ford, Lewis. The Story of Utopias. Gloucester, Mass.: Peter Smith, 1959. 

National Academy of Science-National Research Council. Methane Generation from Human r 
Animal and Agricultural Wastes. W8Sh. D.C.: Nat. Academy of Science, 1977. 

Newcomb, Duane. "The Owner-Built Adobe Home: Making Adobe Bricks." Mother Earth News 
(Mar/Apr 1981). 

Oehler,Mike. The $50 & Up Underground House Book. N.Y.: Mole Publ. Co., 1981. 

Ogden, Suzanne P., ed. World Politics 83/84. Guilford, CT: Dushkin Publ. Group. 

Oliver, Paul, ed. Shelter and Society. N.Y.: Frederick A. Praeger, 1969. 

Shelter. Sign and Symbol. Woodstock, N.Y.: The Overlook Press, 1975. 

Olsen, Frederick L. The Kiln Book. Bassett,CA: Keramos Books, 1964. 

Olson, Bruce E. Bruchko. Carol Stream, IL: Creation House, 1978. 

Park, Jack. The Wind Power Book. Palo Alto, CA: Cheshire Books, 1981. 

Patty, Ralph L. "Determining Colloids in Soil for Rammed Earth Construction," Agricultural 
Engineering (July 1935): 275-276.. 

"Protective Covering for Rammed Earth Walls," Agricultural Engineering (Mar 
1933): 70. 

"Puddled-Earth and Rammed-Earth Walls," Agricultural Engineering (Jan 1934): 
14-15, 17. 

Rapoport.Amos. House form and Culture. Englewood Cliffs, N.J.: Prentice Hall, Inc., 1969. 

Reynolds, John, Windmills&Watermills. N.Y.: Praeger Publ., 1970. 

Reynolds, Terry S. Stronger than a Hundred Men: A History of the Vertical Water Wheel. 
Baltimore: The John Hopkins Univ. Press, 1983. 

Rhodes, Daniel. Kilns: Design. Construction. and Operation. Radnor, Penn.: Chilton Book Co., 
1968. 



B! BLIOGR APHY (CONTINUED) 

Rudofsky, Bernard. Architecture without Architects. Garden City, N.Y.: Doubleday & Co., Inc., 
1964. 

The Prodigious Builders. N.Y.: Harcourt Brace Jovanovich, 1977. 

Schumacher, E.F. Small is Beautiful. N.Y.: Harper & Row, 1975. 

Seelig, Michael Y. The Architecture of Self-Help Communities. N.Y.: Architectural Record 
Books, 1978. 

Sewell, John W.,andMathieson, John A. The Third World. N.Y.: Foreign Pol icy Assoc., 
May/June 1982. 

Seymour, John. The Guide to Self-Sufficiency. N.Y.: Hearst Books, 1976. 

The Self-Sufficient Gardener. Garden City, N.Y.: Doubleday & Co., Inc., 1980. 

Skinner, B.F. Walden Two. N.Y.: Macmlllan Publ. Co., Inc., 1976. 

Stedman, Myrtle. "Ageless Adobe." Fine Home Building (Oct/Nov 1981): 46-51. 

Stedman, Myrtle and Wilfred. Adobe Architecture. Sante Fe, NM: Sunstone Press, 1973. 

Stoner, Carol Hupping, ed. Goodbye to the Flush Toilet. Emmaus.PA.: Rodale Press, 1977. 

Toaaro, Michael P. Economic Development in the Third World. 2nd ed. N.Y.: Longman, 1981. 

Turner, John F. Housing by People: Towards Autonomy in Building Environments. N.Y.: 
Pantheon Books, 1977. 

United Nations, Economic and Social Commission for Asia and the Pacific, Energy Resources 
Development Series no. 16. Proceedings of the Meeting of the Expert Working Group on the 
Use of Solar and Wind Energy. (ST/ESCAP/7). 1976. 

U.S. Congress. Office of Technology Assessment. Energy from Biological Process. Vol. 
iI-Technical and Environmental Analysis. Sept 1980. 

U.S. DeptofArmy, Office of Chief Engineers. Laboratory Soils Testing. Wash. D.C.: Office of 
Chief Engineers, Nov 30, 1970. 

U.S. Dept of Housing and Urban Development. Earth Homes. Wash. D.C.: Division of 
International Affairs, 1969. 

VITA (Volunteers in Technical Assistance). Making Building Blocks With the Cinva-Ram. rev. 
Schenectady, N.Y.: College Campus, 1972. 



I 

World Almanac & Book of Facts. The. N.Y.: Newspaper Enterprise., Assoc., Inc., 1982. 

Worrall, W.E. Clays: Their Nature. Origin and General Properties. N.Y.: Transatlantic Arts, 
1968. 

BIBL106R APHY (CONTINUED) 
i l l  .  m  I  n  

Yaranda, Fernando. Art of Building in Yemen. Cambridge: M.l.T. Press, 1982. 

Werner, David. Where There is no Doctor: A Village Health Care Handbook. Hesperian 
Foundation, P.O. Box 1692, Palo Alto, CA, 1977. 

i 



igss 

r 




