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Chapter J 

1. SCOPE OF RESEARCH 

1.1 Introduction 

Housing embodies many concepts such as comfort, safety, identity and above all, it has 
central importance to everyone's quality of life and health, with considerable economic, 
social, cultural and personal significance. Access to safe, healthy shelter and basic 
services is essential to the overall (physical, psychological, social and economic) well
being of a person. It is also a critical component in the social and economic fabric of all 
nations. No country is yet satisfied that adcquate housing has been delivered to the 
various economic groups that make up its populace. It persists globally as a problem 
irrespective of the economic status of the countries. but differs in its nature and gravity. 
Homelessness is the most visible and extrcme form of this and often connected with 
lack of basic facilities like drinking water, drainage and sanitation. Tt is estimated that 
there arc more than hundred million homeless, having absolutely nowhere to live, and 
about one billion people inadequately housed throughout the world. Overall, at \cast six 
hundred million people live in shelters that arc life threatening or health threatening in 
developing world cities (Tipple et aI., 200S, UN 200S, Erguden, 200 I, UNCHS 1996,). 
These figures are rough estimates, as measuring global homelessness is extremely 
difficult. Most data are known to be undercounts, relying on service provider statistics 
that do not indude the entire homeless popUlation. In addition to the difficulties in 
counting mobile and hidden popUlation; the data collection on global scale is impeded 
by inaccurate and limited or non existent data collection in many (;ountries and variation 
in the definition of homelessness. Anyhow, it is clear that the current and worsening 
global shelter situation needs serious concern. The persistence and growth of poor 
shelter conditions, parti(;ularly in the developing countries, is a stumbling block to 
socio-political stability and economic development (UNCHS, 1990). It urges the need 
for scaling-up housing supply and has become a focus of policy debate. A holistic 
approach is imperative to assess the housing demands, analyse the issues and solve the 
problems of those people who are not ablc to afford their housing due to lower 
economic status and inaccessibility to common property resources. 

Housing has widely been acknowledged as a human right rather than being a basic need. 

Since the adoption of Universal Declaration of Human Rights· in 1948. the human right 

• "Everyone has the right to a standard of living adequate for the health and well-being 
of himself and of his family, induding food, clothing. housing, medical care, necessary 
social services, and the right to security in the event of unemployment, sickness, 
disability, widowhood, old age or other lack of livelihood in circumstances beyond his 
control." (Article 25(1), Universal Declaration of Human Rights). 
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to adequate housing has heen repeatedly reaffirmed (UNCHS, 2000). The Millennium 
Development Goals have identified improving housing conditions as an integral part of 
the global development agenda (UN, 20(5). It is recognized that adequate shelter for all 
and sustainable human settlements development cannot be isolated from the broader 
social and economic development of countries. Also they cannot be set apart from the 
technological advancements and environmental protection. All these factors are 
indispensable and mutually reinforcing components of sustainable development. 
Inadequate and insecure shelter will lead to social and political instability and will 
hamper economic development. In this sense, global shelter conditions are closely 
linked to the achievement and maintenance of world peace and economic stability. The 
economic and political self-reliance. social justice, and an environmentally sound 
quality of li fe are factors, which lead to sustainahle development. 

1.2 Housing situation; issues and concerns 

Human settlements prohlems are of a multidimensional nature. They vary even from 
individual to individual, rural to urban, and obviously from country to country both in 
terms of quantity and quality. The unmet demand for housing, along with poverty, has 
led to the emergence of slums in many poor countries as a solution to affordable 
housing for low-income people. This is particularly true in third world countries where 
the majority of the housing activities are being done by acquiring land through purchase 
or invasion. In such cases, poor people with limited income and know-how construct 
their own houses with available resources, and gradually improve the structure in due 
course of time. As a result in most cases, the quality of housing is miserable with 
insufficient basic services, unhygienic surroundings, lack of access to safe water and 
proper sanitation. Hence quantitative housing deficits in most countries (even very poor 
ones) are relatively small, suggesting that the housing problcm is largely qualitative 
rather than quantitative (World Bank, 2005). 

The housing problem of low-income countries differs greatly from that experienced in 
developed economies, and further rural and urhan housing also exhibit their own 
peculiar characteristics. There is a number of constraints that slow down the housing 
development programmes and the devdopmcnt of a sustainable habitat. Lack of 
effective implementation strategies, inadequate supply of affordable land and 
infrastructure, inadequacy of housing finance systems are a few among such constraints. 
Inadequate access to affordable building matcrials is one of the major limitations of the 
poor in developing countries to provide adequate housing for them. Out of the total cost 
of house construction, building materials contribute more than Ii fty percent in 
developing countries like India. The gap hetwecn the rising demand and the stagnating, 
and in many cases declining, production levels is widening at an alarming rate, leading 
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to the spiralling of prices of building materials in many developing countries, seriously 
affecting the alTordability of housing for the vast majority or the population (UNCHS, 
1993). Along with these, the depicting resources and energy consumed during 
extraction, processing and transportation of raw materials is another serious concern 
questioning the sustainability of building process. 

1.2.1 India 

The housing situation in India was not so much aggravated in the beginning of the 
twentieth century. According to the census records there was a surplus of 1.8 million 
houses in 1901. This continued till 1941. The Second World War totally changed this 
situation. It became worse in 1947. Ahout 7.5 million of displaced persons migrated to 
India, owing to the partition of the country into India and Pakistan (First Five Year Plan 
(1951-56) document, Government of India). Fig. 1.1 shows the variation in the housing 
gap over the last fifty years. 
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2010 

The latest census reports of India shows a housing deficit of twenty-two million housing 
units. Nearly half of the existing housing stock (48.2%) is either made of non durable or 
temporary materials and the housing prohlem is even bigger in terms of quality than 
quantity (Government of India, 200 I). Every two out of the five households in India 
live in extremely poor 4uality houses. The World Bank's recent human development 
report says that 321)'0 of the total population in India has still no access to i 1l1proved 
sanitation and 14% has no access to safe drinking water (World Bank, 2005). Also the 
slum population in India (42.6 million people) accounts for 1511<, of the total urban 
population. In such cases, people themselves with little or no assistance from public 
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agencies huild shelters, which are even devoid of basic amenities. The situation in the 
rural areas is also not better. 

Rapid population growth (Tahle I, Appendix 1.2), increased urhanization, relatively low 
investments in housing and widespread poverty have created serious shelter prohlems in 
India. Population growth and urhanization trends have a profound impact on people's 
access to shelter, contributing to the proliferation of slums, increased demand for 
infrastructure and services, and declining quality of life for the poor. Additional key 
factors that have aggravated India's critical housing situation include institutional 
deficiencies, especially among state and local housing agencies, and regulatory 
constraints to new housing development and investment such as the Urban Land Ceiling 
(and Regulation) Act of 1976 and the state rent control acts (ADB, 2000). 

The strategy for rural housing in India is based on the observation that housing activity 
in rural areas is based on land rights and access to resources, and not on the cash 
economy (Government of India, 199X). The shelter problem, having a multidimensional 
nature with its main roots in poverty, seems to be aggravated by the scarcity and 
inaccessibility to common property resources, inadequate institutional capacities and 
legal and financial frameworks. 

1.2.2 Kerala 

Kerala, situated on the south-west coast of Indian sub continent (sce Appendix 1.1 and 
1.2 for general and topographic details), is well ahead in the field of social development 
and bett~r living conditions compared to other parts of India. Over the past couple of 
decades, K~rala has drawn both international and national attention for its achievem~nts 
in d~mographic transition, with fertility reaching below the r~placement level and 
mortality under five. In terms of per capita income and production, Kerala with an 
agrarian ~conomy is lagging behind many of the Indian states. How~ver, in terms of 
Human Development Index (HDI) and life standard of people, Kerala is much ahead of 
most of other states in India (Tables 3, 4, Appendix 1.2). It is also onc of the densely 
populated states (819 personsl sq.km) with 3.43% of the total Indian population. The 
high popUlation density of the state may be mainly due to good climate. fertile land and 
good rainfall. Literacy as a qualitative attribute of the popUlation is one of the most 
important indicators of socio-economic and political development of a society. The 
state's achievements in literacy (90.9%). education, birth rate (0.94) etc. are even 
comparable to many of the developed countries. Table 5 (Appendix 1.2) shows a 
comparison of Kerala situation with few neighbouring countries. 

The housing situation in the state is quite different from other parts of India. Kerala has 
got a unique settlement pattern with the dwellings made in individual plots and scattered 
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all over the habitable areas. This is in striking contrast with the nudeated village sySl!!m 
prevalent throughout the rest of India. The public housing schemes implemented in 
Kcrala showed greater performance in terms of the magnitude of investment and 
physical achievements and could considerably reduce the housing gap. The official 
estimates predicted that if the present trend in house construction continues, by the year 
2006 all people in Kerala would have their own houses (Government of Kerala, 2(03). 
However, a closer inspection of the current housing situation in Kerala reveals another 
side of this picture. Despite many positive advances, visible slum-like areas occur in 
human settlements in rural parts of the state, and many inhabitants arc deprived of basic 
facilities like drinking water and sanitation (Gopikutlan, 2002). 
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Figure 1.2 Housing gap in Kerala during the period 1961- 2001 

2010 

Traditional residential buildings in Kerala show a retlection of the socio-economic 
inequalities in the society in the early days. Rich people, mostly belonging to the higher 
castes were living in palatial buildings, but the houses of the poor people were in 
miserable conditions. Only the people belonging to higher castes were able to utilize the 
services of artisans and craftsmen for the building process. However, the poor used to 
help each other in putting up their shelters by using locally available materials. No 
wages were paid other than food. But during the period from early 1970s, the situation 
started changing. Social reform movements and economic changes in the society wiped 
off the ill effects of caste systems from the society. This was also visible in the housing 
situation. People started building palatial houses using the readily available, energy 
intensive materials like concrete, cement, and bricks replacing the indigenous materials 
such as mud, latcrite, thatch etc. This generated changes in the employment sector and 
the wage structures, especially in the rural areas. But this modern technology with its 
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undue stress on costly and energy intensive materials like sted and cement was beyond 
the reach of majority of the population. In order to overcome these problems for solving 
the urgent housing demand, the Government of Kerala promoted cost-efkcti ve 
construction techniques and innovative materials. However, the present housing 
situation in Kerala shows that the public housing schemes could not solve the housing 
problems of poorest sections in the rural areas. Also the "Cost Effective and 
Environmentally Friendly" (CEEF) technology, which was actually meant for helping 
the weaker section seems to have failed to reach the expected benetieiaries (Gopikuttan, 
2004). This may be due to the inability of (he poor in getting the awareness, non
availability of skilled labour, technical assistance etc on this technology. It can also be 
due to the mismatch in the perceptions of the poor and the government. Further it seems 
that government intervention has aggravated the dependence and diminished the st:lf
reliance of the rural poor (Glaeser, 1995). 

In addition to this, housing and other related development activities have created severe 
environmental problems in Kerala. Long .~(retehes of paddy fields arc now kept barren 
or used for clay mining or developed as house plots in the state. This has created serious 
environmental issues in the neighbourhoods such as water logging, inadequate drainage 
facilities, non-availability of drinking water etc. This also resulted in the decline of 
more than a half a million hectares of area under paddy cultivation during the last two 
decades (Government of Kerala, 2(04). Conversion of paddy tit:lds means abandoning a 
highly developed and complex wetland agro ecosystem and hence affecting the 
environmental balance. 

Conservation and effective use of renewable and non-renewable resources is a prime 
concern in the building process. Building materials constitute more than half of the total 
construction cost for an average residential building in Kerala. A substantial part of this 
is the cost of cement. A sustainable alternative to cement could provide a significant 
contribution towards the provision of low-cost building materials, and consequently to 
affordable shelter. An approach to affordability along with addressing environmental 
concerns could be a better alternative. The potential of rice husk ash; an agriculLUral 
waste from paddy, as a cement replacement material has significance in this context as 
an affordable and environmentally friendly building alternative. 

The problem of housing in Kerala can be characterised mainly as a problem of 
sustainable housing rather than quantitative deficit. Causes could be either due to: 

Policy aspects 

Lack of proper housing policies or implementation, 

Lack of access to resources, lack of infrastructure and facilities, 
Lack of local government controlling and monitoring, 
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Lack of networking among institutions engaged in housing, 

Non-accessibility for easy finance, 

Lack of proper housing guidance, standards and specifications or 

Technology aspects 

Unavailahility of affordable materials, 

High cost of materials and skilled labour, 

Unawareness of cost reduction techniques, 

Improper usage of available technology, 

Blind usage of conventional (modern) materials, 

Lack of trained and skilled labourcrs) or a combination of both. 

7 

This situation hence urges the need of a closer evaluation on the various factors 
preventing the poor households from satisfying their housing needs in the midst of 

increased public interventions and favourab1c environment. 

1.3 Significance of housing in sustainable development 

Housing activity is very closely linked to the macro-economy. Investments in this sector 
not only improve and add to the existing stock of housing units, but also improve the 
working and living conditions. It generates a significant share of employment-typically 
around IYro worldwide-and often helps lead national economies out of recession as it did 
in the United States in 2001 amI 2002 (Ferguson et al., 20(3). In India, the National 
Building Organization has estimated that an investment of Rs.IO million (about US$ I 
million) in building construction at the 19HO-H I wage rate generated 624 work-years in 
on-site employment (420 unskilled and 204 skilled) and 1000 work-years in direct 
employment in the building material industry and other supporting sectors 
(Moavenzadeh, 1987). Like all other development activities, housing has also got a 
monetary and subsistence component. Even if it is a self-help or family activity in rural 
areas, it needs huilding materials, tools and skilled labour as inpul factors. Besides 
creating an individual product, the new or repaired shelter and the comhined input 
factors also contrihute to national product and thus increase the overall national wealth. 

Housing has a crucial roIe in the development of human settlements. Protection and 
conservation of the environment need serious concern during and after the huilding 
process. Sustainahle construction is a holistic process aiming to restore and maintain 
harmony between natural and built environments, and create settlements that affirm 
human dignity and encourage economic equity (Cm and UNEP, 2002). Hence 
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sustainable housing development also needs environmentally-friendly technological 
innovations. 

Improving shelter requires a better understanding of the mechanisms governing housing 
availability. That requires better data and better policy-oriented analysis, so that housing 
policy can be formulated in a more global comparative perspective, and the 
accomplishments and lessons learned in one country can be drawn on by others. This 
comparati ve perspective can help countries chart their paths, formulate realistic 
development objectives, and measure their achievements over time and compare them 
with other countries in similar circumstances (World Bank, 2005). The efficient supply 
of housing is also closely associated with sustainable-affordable construction techniques 
and building materials; therefore these processes need to be studied in an integrated 
way. 

1.4 Research objectives 

In the context of the ahove discussions, the main goal of this thesis is to contribute to a 
more sustainable solution to the present housing problem in developing countries. In 
order to address this objective and to conceptualize the problem from the perspective of 
the households a thoughtful and holistic approach based on the concepts of 
sustainability is needed. The objectives of this research can therefore be listed as 
follows. 

I. To develop a better understanding of the present housing situation and the prohlems 
relating to sustainable human settlements in developing countries, based on an 
integrated approach that combines both the perspective of the households (users), 
and as well as the concept of sustainable development. 

2. To develop and test a methodology based on this new integrated perspective to 
evaluate the success and failure factors of public intervention in housing the poor, 
and to suggest appropriate recommendations to contribute to public policies for 
sustainable development. 

3. To adapt and apply this integrated approach in the evaluation of the building 
process, to suggest modifications and to explore a few sustainable technologies 
appropriate for the local conditions, utilizing renewahle or locally available waste 
materials. 

In order to reach these objectives, research questions are formulated and presented in 
the succeeding section. 
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1.5 Research questions 

The housing situation in Kerala has been selected as the main focus of this thesis. Since 
the prime objective of this research is to develop a holistic perspective for identifying 
the problems relating to shelter, the main question has been formulated to achieve this 
goal in the context of Kerala. 

Main question 
How to develop an integrated framework for analyzing (both for the evaluation of 
policy and building process) the housing problem of the poor (from their own 
perspectives), and what sustainable materials or technological options can he suggested 
along with policy recommendations for achieving sustainahle-affordable housing in 
Kerala? 

Sub questions 

I. How can the housing problems bc evaluated from the perspective of the users, in 
such a way as to contribute to sustainable development? 

2. What arc the various policy approaches in the previous years in India (Kerala) in 
addressing the shelter problems of the poor and how far have the different schemes 
been successful in achieving sustainable housing development? 

3. What is the real housing situation of the poor households in Kerala and what policy 
recommendations can be proposed (particularly for the econornically weaker 
sections) for sustainable-affordable housing so as to contribute to sustainable 
development? 

4. Does the present building process in Kerala contribute to sustainable housing? If 
not what are the recommendations for modifying it? 

5. How could rice husk ash pozzolana be developed locally as a sustainable 
alternative to replace cement for the primary building applications in Kerala? 

1.6 Methodology and chapter scheme 

This thesis has adopted both social science and technology approach in rcaching 
different objectives. In total there are seven chapters. This is illustrated in the ligure 
(Fig. 1.3). Literature review, personnel interviews and household surveys arc conducted 



10 Chapterl 

in the first part and experimental technical research has been carried out in the second 
part. The succeeding text describes the methodology adopted for each chapter . 

• ~ ................... Y .......................................................................... :f. ...................................................• 

Figure 1.3 Thesis structure 

Chapter 2 - This chapter explores the concepts of sustainablc-affordahle housing and 
introduces a general conceptual framewerk to evaluate the housing situation from the 
perspective of the users. This framework helps in understanding the problem from the 
perspective of the households specifically in terms of their basic needs and suggests 
solutions that contribute to sustainable-affordable housing. 

Methodology - A literature survey has been carried (Jut for exploring the concept of 
sustainable-affordable housing. Value focused thinking proposed by Keeney (Keency 
1992; Keeney et aI., 2005) has been used in this chapter for structuring objectives and 
developing the framework. Various findings from notable researchers were also utilized 
at this stage of research for structuring and defining the objectives of sustainable
affordable housing. 

Chapter :3 - This chapter presents an evaluation of the puhlic housing policy for 
Economically Weaker Sections i (EWS) in the state. Three schemes (Onc Lakh Housing 
Scheme, Indira Awaas Yojana and Total Housing Scheme) are identified from each 
phase reflecting similar approaches in international housing policies, their uniqueness in 
implementing agencies and other peculiar characteristics. The evaluation of these 
schemes was done in three stages. The first two stages of analysis (A I and A II) arc 
presented in this chapter. Analysis I (A I) evaluate the goals of the government policies 
in the selected schemes. The second stage (A 11) assesses the real situation in the tield 
from the viewpoint of an observer (the researcher). An overview of the evolution of 
housing policy in the developing world, subse4uent changes in the low-income housing 

J Families with monthly household income less than Rs. 2500 ($ 65) 
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policy of India with speci lie attention to the case of Kerala are also discussed in this 
chapter. 

Methodology - A mcthodology hased on the conceptual framework from chapter 2 is 
employed in the analysis to understand the prohlem through a sustainahility perspective 
and to investigate the success and failure factors of public intervention in housing the 
poor. The information collected from the official reports of government of India, 
Kerala, local or self governments, implementing agencies and other secondary sources 
arc taken as the basis of Analysis I. Data for this chapter are also collected from reports 
of international agencies like the World Bank and UNCHS (on the evolution of present 
housing policy in developing countries). 

Chapter 4 - This chapter presents the third stage (Analysis 1II - AlII) of evaluation to 
assess the real situation in the field. An evaluation of the housing situation in Kerala 
based on household surveys and case studies from the selected housing schemes is 
presented in this chapter. A discussion on the present housing situation of Kerala with 
respect to different aspects of sustainability and a comparative analysis of the public 
initiatives in low income housing with examples from other parts of the world is also 
prcsented. Based on these evaluations and comparative study strategies are formulated 
for sustainable-affordable housing in Kerala. 

Methodology - The information employed for this part of analysis is hased on household 
surveys from Kerala. These surveys were conducted using a structured questionnaire 
prepared on the basis of the conceptual framework. A scheme of analysis is prepared ror 
each aspect of sustainability based on the "objectives hierarchy moder' of the 
conceptual framework and the questions are transformed into measurable criteria. The 
Statistical Package for Social Sciences (SPSS- Version Xl) is employed for the analysis 
of household data. Some examples of enahling strategies from UNCHS, Global Best 
Practice database are discussed in this chapter to see how they have tackled the 
problems of low-income housing in similar contexts. 

Chapter 5 - This chapter gives an evaluation of the prevailing building process in 
Kerala. It presents the guidelines for selecting environmentally-friendly and as well as 
affordable technological options. This chapter also discusses the potential an affordable 
alternatives (rice husk ash) suitable to the spedficities of Kerala. Basic principles and 
examples from straw bale construction in The Netherlands and India arc presented as 
the appendix 01' this chapter. 

Methodology - Thc evaluation has been done using a methodology based on the 
conceptual framework from chapter 2. The inrormation employed for the evaluation of 
the prevailing huilding process in Kerala is supported by the knowledge which has 
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learned from the researcher's experiences from practise, hy tield studies, data collected 
from household surveys and desk research. 

Chapter 6 "This chapter deals with the experimental study which has been conducted 
on the rice husk ash samples under controlled conditions in the lab and from different 
field ovens to compare the performance of the ovens and to identify the most feasible 
method to produce a reactive pozzolana as an alternative to cement for building 
applications requiring lower strengths. 

Methodology" The first phase of the research discusses the parameters, which influence 
the reactivity of the pozzolana from rice husk under controlled conditions in the 
laboratory. Literature work has heen carried out for collecting information on the 
previous researches. An in-depth characterization of rice husk ash samples produced 
from different temperature"duration-cooling regimes in the controlled laboratory 
condition had heen conducted as a function of comhustion conditions using X-ray 
diffraction (XRD), 29Si magic-angle spinning (MAS) nuclear magnetic resonance 
(NMR), chemical analyses, conductivity measurements and microscopic analysis. 

For the second phase of this research, ash samples from three di fferent types of field 
ovens (annular enclosure, brick oven and pit arrangement) are investigated for loss on 
ignition, soluble silica, pozzolanicity and X-ray diffraction. Malvern apparatus has used 
for the particle size analysis and Brunauer- Emmett -Teller analysis is employed for the 
investigation of specific surface area of rice husk ash samples. The long-term strength 
of these rice husk ash pozzolanas (from field ovens and oplimized condition in the lah) 
with lime or cement is investigated through lime reactivity test and compressive 
strength test. 

Chapter 7 - This chapter gives the general conclusions and recommendations of this 
research together with an insight into the scope for further studies. Recommendations 
for the practical implementation of the policies to contrihute to sustainable-affordable 
housing development in Kerala are also presented in this chapter. 
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APPENDIX 1.2 

General physiographic and climatic features of Kerala 

In terms of the topographical characteristics, Kerala may be divided in to three regions 
such as Lowland, High land and mid land. Low land (10.2%) stretches along the 
Arabian Sea and population density is highest (Coastal area). This region is 
characterized by marine landforms consisting of beaeh ridges and beaches with swamps 
and lagoons. The low land region is welI known for its backwaters with extensive rice 
fields and coconut trees. High land (48%) stretches along the Western Ghats and 
population density is lowest (Hilly area). It slopes down from the Westl:rn Ghats, which 
rise to an average height of 900m, with a number of peaks well over 1,800m in height. 
The soil varies widely in depth and texture. Plantation crops including tea, coffee, 
rubber and cardamom are grown in highlands. Mid land (41.8%) lies between low land 
and high land, with altitudes ranging from 7.5 to 75 meters above mean sea level, is 
made up primarily of valleys. The temun is undulating, with numerous rivers, small 
hills and valIeys. Laterite and lateritic soils cover around 60% of the total geographical 
area of Kerala. 
Kerala is the land of Rivers and backwaters. 44 Rivers (41 west flowing and 3 east 
flowing) cut across Kcrala with their innumerable tributaries and branches, but these 
rivers are comparative small and being entirely monsoon-fed, practicalIy turn into 
ri vulets in summer, especially in the upper areas. 

Climate - Kerala falls with in the realm of tropical climate and dominant feature is 
monsoon. It has a warm and pleasant tropical monsoon climate. The climate is pleasant 
from September to Fehruary. The summer months are warm and humid with a mean 
max temperature of about :n°c. March to May is the hottest. with temperature reaching 
more than 32°C. Lowest temperatures are experienced during the month of December 
and January. 
Winter Maximum 21 "c Minimum 18°C 
Summer Maximum 33 QC Minimum 27°C 
Wind - Wind over the state is seasonal and wind speed auains 40 to 50 km/hr during and 
before the man soon rains. 
Rain fall - Kerala receives a good annual rainfall, varying from 1250 to 5000 mm. The 
normal annual rainfall of Kerala is 3107 mm. (national average is 1197 mm). The State 
has the benetit of the Southwest and Northeast monsoon. Although, quantum wise the 
rainfall received is high, its distribution shows temporal and spatial variations. On an 
average, the number of rainy days is in the range of 120-140 in a year. The highest 
rainfall occurs in the high ranges of Idukki district, where it exceeds 5000 mm. 
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APPENDIX 1.3 

Table I Population growths and the 'Housing gap' in India (in million) 

Number of Number of 
Census Year )opulation households housing units Housing gap 

1951 360.9 73.4 64.4 9.0 
1961 439.2 83.5 79.1 4.4 

1971 547.2 97.1 90.8 6.3 
1981 685.2 122.6 114.4 8.2 
1991 846.3 160.6 129.6 31.0 

2001 1025.3 209.2 1117.1 22.1 

Source: Census reports, Government of India 

Table 2 Population growths and the 'Housing gap' in Kerala (in thousands) 

Number of Number of housing 
Census Year Population households units Housing gap 
1961 16,904 2.808 2.754 54 
1971 21,347 3,433 3,362 71 
1981 23.454 4,423 4.195 228 
1991 29.033 5,513 5,342 171 
2001 31$39 6.595 6.540 55 

Source: Census Reports, Government of India 

Table 3 Comparative statistics with neighbouring Indian states 

Density lJelow 'Unemploy "Per 
of poverty -ment capita 

State Area population Literacy HI>I HPI line 1999·2000 nelslale 
pcr 2001 1991 1999· (0/. of domestic 

(sq.km) sq.km 2000 labour product 
(%) force) 1997·98 

Kerala 381163 819 90.92 0.64 19.9 12.7 806 2490 

Tamilnadu D(K158 478 73.47 O.5~ 29.3 21 2 2.6 3141 

Karnataka 191791 275 67.04 0.48 32.7 20.0 lA 2866 

India 32117263 324 65.311 0.47 39.4 26.1 2.-' 2840 

Source: www.kerala.gov.in, Census reports, "NHRD 2001 Planning cormmsslOn, 
National Human Development report 200 I, "'Eleventh linance commission report 2000 
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Tabk4 Comparative Statistics, Housing and amenities in Kcrala with 
ncighbouring Indian Stalcs 

Permanent Owned Availability IIf 
houses houses - Electricity drinking water 

Stale Tenure Toilet facility connection within the premises 
(%) status (%) (%) (%) and near (0/. ) 

Kerala 68.1 92.6 62.1 70.2 

Tamilnadu 58.5 77.7 39.9 78.2 

Kamataka 54.9 78.5 58.9 78.5 

Sourcc: Census Rcports, Government of India. 200 I 

Table 5 Comparison of Kerala with neighbouring countries 
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Chapter 2 

2 SUSTAINABLE-AFFORDABLE HOUSING: 
A FRAMEWORK FOR CONCEPTUALIZA TION 

2.1 Introduction 

This chapter introduces a conceptual framework identifying different aspects of 

sustainable-affordable· housing for evaluating problems and formulating strategies. 
Housing problems an: multi-dimensional and urge the reconciliation of the interests of 
different stakeholders. A holistic approach that gives due emphasis to the diverse 
elements of sustainability is needed to define it from a proper perspective. The proposed 
framework addresses the problems relating to human settlements and sustainable 
developments in developing countries based on an integrated approach from the 
perspective of the households (users) as well as on the concepts of sustainability. Value 
Focused Thinking is employed in this framework for structuring objectives and criteria. 

This chapter is organized in five sections. Section 2.2 explores the concept of 
sustainable-affordable housing and idcntifies different objectives. A detailcd 
investigation has been carried out in section 2.3 to identify thc various criteria to 
measure the objectives defined, by covering all sectors of sustainable development. 
Section 2.4 presents the conceptual framework. 

2.2 Sustainable-Affordable Horu.ing 

Shelter is one of the basic needs of human beings next only to food and clothing. 
Besides being a basic necessity, it is also a source of identity that has a considerable 
effect on the overall psychological well-being of the inhabitants. The perception of 
housing has undergone some remarkable changcs over the years and has more 
significance in the present day world than it had even two decades ago. Home 
ownership brings out significant economic security and social status to a household. But 
for shelter-less persons it can create profound social change in their cxistence, by 
endowing them with identity, security and above all creating a feeling of being a part of 
the society. Housing also acts as a matrix that strengthens family and community tics. 
The concept of home in that sense is much bigger than that of house. It implies to the 
provision of food, clothing, and housing with a proper environmcnt that affords 
protection from the weather, offering security and well-being. It is also a valued place 

• Even though the concept of 'sustainability' includes 'affordability'; in order to giw 
special emphasis to the extremely low economic status of poor households, sustainable 
housing is addressed here as "sustainable-affordable housing" throughout this research. 
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r~gard~d as a refuge or place of origin where a person is ahle to develop his social 
relationships. In other words, a home fulfils physical needs by providing security and 
shelter from weather and climate. It fulfils psychological needs by providing a sense of 
personal space and privacy. It fulfils social needs by providing a gathering area and 
communal space for the human family, the hasic unit of society. In many societies, it 
also fuJtils economic needs hy functioning as a centre for commercial production and 
there hy generating wealth. The significance of housing in social development should 
not he neglected in these respects. IL is also a crucial component of the buiIL-up 
environment and an intrinsic clement in the economic development of all nations. In 
this domain, housing and development activities arc also related to environmental issues 
and technological advancements. 

The human right to adequate housing is enshrined in international law and can be traced 
to the Universal Declaration of Human Rights, which was unanimously adopted by the 
world community in 1948. A focus on the right to adequate housing is thus essential for 
the promotion of human development. 

A habitat normally refers to the area or physical environment where an organism or 
ecological community lives or occurs. Human habitat and human settlement are 
synonyms to each other. Housing is a primary component of human settlement. Human 
activity and economic growth affect the natural environment, and if growth is not 
achieved in an environmentally sustainable way, its effect on poverty and human well
being will be disastrous. Housing development thus plays an important role in achieving 
sustainahle development. Sustainable development is often detined as development that 
"meets the needs of the present without compromising the ahility of future generations 
to meet their needs" (WeED, 1987). 'Meeting the needs of the present' refers to the 
development aspects of sustainability, which includes economical, social, cultural and 
political issues. The second phrase of the definition 'without compromising the needs of 
the future' mostly refers to environmental issues (Ehsen et aI., 2000). The Johannesburg 
Summit of the United Nations proposed the so-called 'three-pillar' concept (or Tripple 
Bottom Line-TBL model) of 'People, Planet, Prosperity (Profit), to reflect the 
requirement of sustainable development as the balancing of economic and social 
development with environmental protection. Sustainahle development can be 
considered as maintaining a delicate balance between the human need to improve 
lifestyles and feeling of well-heing on one hand, and preserving natural resources and 
ecosystems, on which we and future generations depend. 

Housing development can be considered as a pioneering step for sustainahle 
development and has got multi-objective and multi-institutional relevance. Human 
settlements have to function in a sustainahle way to achieve this objective of sustainable 
habitat. Therefore sustainable human settlement should enable to Jive in a manner that 
supports the state of sustainahility and the principles of sustainable development and 
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has institutional. social and economic systems that will ensure their continued existence 
(CIB, 2002). Sustainahle habitat could he thus descrihed as a way of developing and 
maintaining the living environment that support human health (both physical and 
psychological), satisfying shelter needs along with protecting and preserving the nature 
for future generations. 

According to Gibson et al. (2005: 56-58), traditional concepts of sustainability are used 
to be depicted as circles of sustainahility with a certain ordering; economy prevailing 
over society, prevailing over ecology or the other way around (Fig. 2.1). They say that 
since the idea prevailed that humans play a major role in the character and functioning 
of many hiophysical systems, depictions suggesting uni-directional lines of dependency 
arc insufficient and more often represented as intersecting circles. 

Environment 

Society 

Figure 2. J Circles ofsustainl1bility; economy immersed in society, society 
immersed in ecology (source: Gihsoll et aI., 2005) 

Many of the approaches on sustainahility are actually examples of 'integrated 
assessment', derived from environmental impact assessment (EIA) and strategic 
environmental assessment (SEA), but which have been extended to incorporate social 
and economic considerations as well as environmental ones, n:ilecting the triple hottom 
line approach to sustainability. These integrated assessment processes typically either 
seek to minimise 'unsustainability', or to achieve TBL objectives. Both aims mayor 
may not result in sustainable practice (Pope et al.. 2004). 

Sustainable housing can be conceptualized in the same way as sustainahle development, 
to maintain a halanee hetween the present and future housing needs. In order to satisfy 
the present needs, sustainable housing should he affordable to the users (particularly 
poor households). Thus, sustainable housing from the perspective of the users can he 
defined as housing that is accessible and affordable to them, and meets their housing 
needs. Social and cultural factors influence the primary requirements of housing. 
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Aflordability or the ~conomic capacity of an individual plays a significant role in 
achieving these requirem~nts. Technology acts as a catalyst to help in realising this, by 
providing affordahle options suiting the individual needs and changing circumstances. 
In developing countries, where the majority of housing investments are carried out 
through self-help or mutual help activities, sustainable technological options demand 
specific consideration in making the houses morc affordahle and feasible. But 
technological innovations can either accelerate or decelerate the process of sustainable 
development as it has got both positive and negative impacts on the environment. 
Protecting the environment is a fundamental aspect of sustainable development. It 
includes the improvement of essential ecological processes, biological diversity and the 
natural resource base (Veron, 2001). 

The physical quality of life is very dependant on the environment in which man, who is 
also part in it, as an individual and as part of a group, can survive and grows physically 
and culturally. Often housing investments which require high investments are set apart 
and people have to be satisfied with poor housing conditions. The definition of 
sustainable-affordable housing for the poor can thus be modified as "housing which is 
accessible and affordable to satisfy the housing needs of people whose income does not 
enable them to afford their housing suitable for their needs in the formal housing 
market". In this definition, the term 'accessible' refers to the feasihility to fulfil those 
present and future needs. The basic housing need of an individual is often a reflection of 
his or her socio-cultural needs. In that way sustainable-affordable housing is related to 
socio-cultural (basic needs) and environmental aspects (present and future needs) of 
sustainability. The term 'affordable' in the definition mainly implies the affordability by 
the individual in fulfilling these needs. Innovative technological options are necessary 
for affordable housing solutions. In this sense it is connected to the economic 

sustainahility and affordability of sustainable techn%Kical options. Developments in 
the economy and social changes should be able to sustain ecology and improve potential 
resources for future generations. In the context of global population growth and the 
Earth's finite resources, the way in which human beings are accommodated or sheltered 
is a major and integral part of the imperative to maintain a global environmental 
equilibrium. Hence sustainable building processes should be ahle to give emphasis on 
environment friendly technologies utilizing locally available waste materials and 
renewable resources. Therefore this framework assigns equal importance to all these 
four aspects of sustainahility in sustainable housing and accepts their interdependence to 
each other. 

The quadruple (People, Planet, Prosperity, and Project) concept of sustainahle buildings 
put forward by Duijvestein is also based on the principles of sustainable development. It 
adds one more 'P' to the 3P concept of the UN. Hence from the triangle it changes to a 
tetrahedron as shown in the Fig. 2.2. This fourth 'P' ror Project refers to design quality, 
which includes the aspects such as beauty, robustness, biodiversity and the relations 



Sustainable-Affordahle housing: A framework .f(Jr cOllcepcualizarion 21 

through the scales (Dorst et al., 2004, http://www.hoomdelfl.nl/). According to this 
concept, the tetrahedron can he used to show the importance of and the relations 
between the four qualities. The most important quality can be placed on top, but in all 

cases has to be hased on and supported by the three others. 

Planet 
(Environmental quality) 

People 
(Social quality) 

Project 
(Design quality) 

Prosperity 
(Economic quality) 

Figure 2.2 Sustainahle buildings (Darst er al., 2004) 

Sinee sustainahle-affordable housing requires sustainahle and accessible technological 
alternatives, the traditional concept of sustainahility (PPP) has to he upgraded in the 
context of sustainahlc housing with an additional technology factor. This is also in 
agrcement with the quadruplc concept of sustainable buildings put forward hy 
Duijvestein (Fig. 2.2). The fourth 'P' for Project is directly or indirectly related to 
technological sustainahility. Sustainahle-affordable housing development can thus be 
conceptualized as a combination of four significant aspects of sustainahility, namely 
socio-cultural, economic, technological and environmental sustainahility. This concept 
is also in agreement with Islam (1996). According to him sustainahility in housing may 
be understood in terms of ecological sustainability, economic sustainability, 
technological sustainability, cultural sustainability and social sustainability. 

As many conceptualizations of sustainability have been around, their common 
denominator seems to be integration. For instance, the Millennium Ecosystems 
Assessment (MES, 2(05) depicts linkages between ecosystems, services and human 
well-being, and focuses on the interactions between interrelated categories. As an 
alternative to the TBL, Gibson (200 I) promotes the use of a principles based approach 
to sustainability assessment, in which sustainability criteria are derived from 
sustainability principles rather than TBL goals. He argues that a principles-based 
approach emphasizes interconnections and interdependencies between the pillar areas 
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rather than promoting conflicts and trade-olTs. Therefore, a principles-based approach 
could avoid some of the inherent limitations of the TBL approach to sustainability 
(Pope et aI., 2004, 2006; Gibson, 2006). The basic model for sustainable-affordable 
housing proposed in this research also adopts this principle based approach based on our 
definition on sustainable-affordable housing for the poor. 

Sustainable-affordable housing development can thus be conceptualized as a 
combination of four signi fieant aspects of sustainability, namely socio-cultural, 
economic, technological and environmental sustainability (Fig. 2.3). After Pope et al. 
(2004), we also consider equal significance to the four aspects of sustainability. The 
interdependence of these four factors and their equality are considered as the pre 
assumptions of this concept (This pre supposition will be re-visited further and tested in 
chapter 4 under the context of Kerala). 

Figure 2.3 Basic concepts for sustainahle-a.lfordable housing 

This hasic concept for sustainable-affordable housing can be elaborated further using a 
methodology resembling that of Value Focused Thinking (VFT). The foundation for 
any analysis is a set of ohjectives and a sct of alternatives for achieving those objectives. 
There are desired properties for this collective set of objectives that, when possessed, 
can greatly enhance the value of any suhsequent analysis (Keeney, 1992; Kccney et al .. 
2005). According to Keeney, values are principles used for evaluation, and we use them 
to evaluate the actual or potential consequences of action and inaction, of proposed 
alternatives, and of decisions. To think of these values in a decision process: the 
decision should be a real problem, it should he of great importance, and it should be 
complex and have no absolute solution. This approach can be uscd to uncover hidden 
objectives, to direct the collection of information, to improve communication, to 
facilitate collective decision making, and la guide strategic thinking. 
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Value Focused Thinking (Keeney, 1988) is therefore a methodology that is well suited for 
handling these kinds of multi-objective prohlems. It helps in identifying the needs of the 
households (from the perspective of households and as well as hased on the principles 
of sustainable development) and developing different potential solutions to meet their 
housing needs. The evolution and nature of housing problems differ from country to 
country depending on local social. economic and political contexts. This methodology 
provides a means to reveal and address the multiple ohjectives considering that all 
development efforts have resource constraints and facilitate in driving the project in the 
right direction. The succeeding section explains the significance of the different 
objectives of sustainahle-affordable housing and their interrelations to each other. 

2.3 Objectives of sustainable-affordable housing 

Since housing is a primary component of hahitat, sustainable housing development 
activities can directly contribute to the development of sustainable habitat. Sustainahle 
habitat can he achieved through promoting housing development hy balancing social 
progress, enhancing economic growth, propagating innovative technology along with 
conserving and protecting the environment and natural resources for future life and 
development. 

As explained in the previous section, sustainable-affordable housing embraces four 
objectives of sustainahility, namely socio-cultural. economic, technological, and 
environmental (Fig. 2.4). A list of criteria has been prepared to measure thcse objectives 
and assess the present housing situation based on the concepts of sustainable-affordable 
housing. The ensuing text explains these objectives on the basis of different criteria. It 
defines and structures fundamental values under each aspect of sustainability, and 
further guides in integral decision making. 

Objedivcs of Sus11linable-

Aftilrdable Housing 

• ~ .. _'t 't 
Socio-cullural Economic Technological Environmental 
Sustainability Su,[ainabilily Suslainahility Suslainahilily 
(SCS) (ECS) (TCS) (ENYS) 

Figure 2.4 Ohjectives of.\'Usrainuble-afJordahle housing 
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2.3. J Socio-cultural susrailluhility 

An adequate shelter is not only a human right, but also a base for human dignity and 
relationships. All human beings are knowingly or unknowingly deeply rooted in their 
homes, and this has a remarkably high intluence in the development of their character 
and well-being. Proper housing helps in the free development of an individual, and 
creates a platform for playing an active role in the social and cultural life of the 
community (Springer, 2000). Social and cultural factors arc strongly interdependent. 
They often interlock and are sometimes indistinguishable (Chiu, 2004). Sustainable 
housing should respond to the socio-cultural needs and practices of the beneficiary 
households and communities. It is focused on housing development that promotes 
social interaction of individuals and cultural enrichment of the community and aimed to 
reduce the inequality of housing between social classes (Islam, 1996). At the same time 
it accelerates the improvement in social developments, relations and interactions. 

The various criteria for defining sociQ-cultural sustainability in housing have been 
identified as adaptahility, equality, integration of amenities and service~; self-help 
housing or beneficiary participation and community involvement (Fig. 2.5). 

Socio-Cultural 
Sustainability 

• ... ... ... ... ... 
Integration of Heneficiary Community 

Adaptability Equality amenities and participation participation 
services 

Figure 2.5 Socio-cultural susrainability 

AdaptabiliTY - The concept of shelter is much broader than mere housing. It differs from 
individual to individual depending on household size, culture, tradition, profession and 
way of living. The house design should be flexible enough to incorporate the changing 
needs of the individuals (family size, profession etc.). The provisions for future 
ex.pansions or the flexihility to changing necds is an essential criterion. For instance the 
housing requirements change when children arc born, or grow up, or marry, get children 
themselves, and so on. Also in the case of professional requirements, the housing needs 
of a fisherman are quite different from those of a farmer. The I1cxihility to fulfil these 
varying needs is detined as the adaptahility in housing. 
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In most communities, the house is treatcd as part of thc idcntity of the individual 
labelling their status. Pcople do not want to live in a house, which stigmatizes them as 
belonging to a low-income class, even if it is all that is alfordahle to them. The design 
and the matcrials used for the house should correspond to the user's way of living and 
local building traditions (Ehsen et aL, 2000). 

Equality - This objective has to be considered with utmost can; as it forms the basis for 
socio-cultural sustainability. Equality in housing development refers to that, segregation 
or grouping of a particular group of pcople based on income, religion or any other 
criteria should not retlect in their housing and should not prevent them from 
participating in social activities. Different groups of people within the society should be 
able to participate equally. 

This means that the poor should nol be exposed or stigmatized based on a specific type 
of design or materials and grouping their houses to a particular region. The location and 
type of houses necessarily reflect social inequalities. This also affccts social 
relationships, day-to-day living, and ultimately the future generations of the inhabitants. 
Briefly, the mutual relationship bctwccn housing and social structure creates a vicious 
circle perpetuating a lack of social privileges and inherited advantages creating a social 
problem (Jayaram, 1988). 

Integration of amenities and services - Sustainable shelter requires the integration of 
essential culture or local specific amenities (privacy, security, lighting ete.) and public 
infrastructure facilities. It also refers to location, making the journey to work feasible. 
At community level, social amcnitics like schools, libraries, recreation centres, medical 
facilities, police stations nced to he integrated into settlements (UNCHS, 1996). 

Self-help housing and beneficiary participation - Sustainable housing development can 
be perceived as a means to improve the livelihood conditions and self-dependence of 
the inhabitants. The users build houses to suit their needs and hence self-help or 
participatory approach in housing brings desirable changes that lead to sustainable 
housing (Eldemery, 20(2). Turner's three laws on housing are important in this context 
(Turner et ai., 1972). 

First Law - When dwellers control the major dccisions and are free to make their 
contribution to the design, construction, or management of their housing, both the 
proccss and the environment produced stimulate individual and social well-being. When 
people have no control over, or responsibility for, key decisions in the housing process 
the dwelling environment may hecome a barrier to personal fulfilment and burden on 
the economy. 
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Second Law - Dweller satisfaction IS not necessarily related to the imposition of 

standards. 

Third Law - Deficiencies and imperfections in one's housing arc infinitely more 

tolerable if they are his or her responsibility than if somebody else's. 

Community Participation - Ensuring community participation is an important aspect of 
sustainable housing. For the lower income population, communal action, whether in the 

political, social or economic realm, permits a scale of activity impossible as individuals 

(Jenkins, 1999). Community development is a key to unlocking higher levels of mutual 
advantage as well as more effectively and equitably accessing state and economic 

resources. Successful community invol vement requires support from the puhlic sector 
through training. empowerment. financial assistance and guidance. Community 

participation is also necessary to develop housing clusters to create sustainable 
residential neighhourhoods. The possibilities are greatly multiplied when governments 

actively try to foster development simply by bringing people into the process (Eldmery. 
2002). 

2.3.2 Economic susfainahility or Affordability 

Economic sustainability or affordability in housing should be embedded in an economic 

development strategy, which strengthens the economic self-reliance of household 
members. Even though the housing problem arises as a symhol of poverty, mere 

financial assistance usually does not heIp the poor in providing housing. Afforuability 
by a household in any part of the world depends on its command over the various 

resources required for housing. The poor often cannot afford to accept public housing 
assistance due to the lack of economic suslainability or alTordability of the housing 
programmes. 

Affordabilily by the households, their basic shelter needs, and their pre-rcquisites or 

resources for housing development has been identified as the essential criteria for 
measuring economic sustainability of housing (Fig. 2.6). 

Economic Factors 

Figure 2.6 Economic sustainability or Affordability 
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Affordahi/ity - Affordability by the households must be given right priority hefore 
planning any housing dl!wlopment programme. The most important financial resources 
are the actual and potential savings by the inhabitants out of their income. This prohably 
represents between 10 to 15% of all personal incomes (Turner, 1976). Housing 
programmes may be linked to some form of programmes like employment genl!ration or 
income generation activities, enabling the poor to afford their own houses and to 
maintain them (Bhattacharya, 19(4). 

Affordability by households can be measured either by their (i) minimum capability to 
own a house - capability may be in terms of employment, income, assets, skills or any 
other entitlement for constructing and maintaining the house and (ii) their ability to 
repay the loan components, if any. 

Pre-requisites - Access to land, resources and basic infrastructure is a pre-condition for 
affordable housing (Bhattacharya, 1994). Houses cannot be hui!t and managed or 
maintained without resources, infrastructure and land to build on. The economic 
sustainahility of housing is a function of the value of those resources and thc costs of 
the ways in which they are employed (Turner, 1976). 

Shelter needs - Affordable housing can said to be sustainable only if it provides basic 
facilities and amenities essential for the well-being of the inhabitants. According to 
UNCHS (1990) country-specific modes of adequate shelter are suggested as sustainable 
solutions since they arc environmentally appropriate, economically attainable and 
therefore realistic. For instance, an affordable type design of a house with minimum 
essential facilities may sometimes unreal istic, if it cannot fulfil the hasic housing needs 
of the households. 

Millions live in poor housing conditions where there are high rates of unemployment 
coupled with poverty and lack of basic amenities. As the improvements and 
developments in society are related to economic development, socio-cultural 
sustainahility is closely linked to economic sustainability. Economic growth is a key in 
providing the means to meet basic needs, to ease poverty, and to generate employment, 
the factors essential for sustainable development (Veron. 200 I). Housing activity is 
closely linked to the macro-economy. It is capable of producing employment and 
growth. Investments in this sector not only improve and add to the existing stock of 
housing units, but also improve the working and living conditions. The housing sector is 
employment-intensive. It generates employment during the construction period and also 
during its life for proper maintenance providing employment opportunities for skilled as 
well as unskilled labour (Glaeser, 1995; Tiwari, 200 I). 
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2.3.3 Technological sustainability 

Conventional building materials are beyond the reach of the maJonty of the world 
population due to their poor affordability (UNCHS, 1993). Besides the escalation in the 
cost of building materials, raising environmental concerns due to the extensive 
exploitation of natural resources connected with general construction and other housing 
development activities urge the search for alternative technological options. It is now 
generally agreed that development in the low-income countries must proceed in parallel 
with a general global application of new technologies, which are both less resource 
intensive and less environmentally damaging (Spenee et aI., 1995). In hoth these 
respects, technological sustainability is connected to economic and environmental 
aspects of sustainahility. It is also related to socio-cultural sustainahility, as 
technological innovations retlect social demands, and those are in general culture
specific. Sustainable construction can be described as a way of designing and 
constructing buildings that support human health (physical, psychological, and social) 
and which is in harmony with nature, both animate and inanimate (Hendriks, 200 I). 

Feasibility, functionality, strength, durability, reliability and environmental friendliness 
are identitied as the basic necessities for technological sustainability (Fig. 2.7). 

Fca;ihilityand 
Functionality Strength 

Durahilityand 
Reliahility 

Figure 2.7 Technological mstainahility 

Environment 
friendliness 

Feasihility and Functionality - The technological innovations should he feasible to the 
users. Technology which utilizes local resources, unskilled lahour, locally availahle and 
renewable materials can be said to be sustainablc. It should he able to henefit as many 
people as possible and should be flexible and also functional. i.e. adaptable to the 
changing needs of the community; at the same time it must he affordable and workablc 
at community level. 

Strenxth - The techniques of construction and materials used should he strong enough to 
meet the hasic strength parameters appropriate to the local circumstances. 

Reliability and Durahility - These are closely related to the strength parameters and 
figure essential criteria for long- term sustainahility. Durable refers to the property of a 
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material, building section or construction that can resist any unacceptablc deterioration 
of relevant functional characteristics through specific chemical, physical and 
mechanical loads over a certain period of time (Hendriks, 2001). 

Environment friendliness - Environmental friendliness of technological options in 

sustainable constructions refers to the minimized usage of renewable and non renewable 
resources, extensive utilization of waste materials and as well as minimizing the impact 

of waste products and pollution. 

2.3.4 Environmental sustainability 

Environmental sustainability requires the alleviation of poverty if it is to be meaningful 
(UNCHS, 1996). Many environmental problems often actually originate from lack of 
development and environmental degradation, in turn leading to poverty. Overall, the 
concept of sustainable development suggests a potentially positive relationship between 
socio-economic development and environmental sustainability (VeTOn, 2001). The 
positive environmental changes generate economic empowerment, enhance social 
capital and huild institutional capacity. In order to be sustainable. developments in the 
economy and social changes should be able to sustain ecology and improve potential 
resources for future generations. We have entered an era in which no country is isolated 
and secure from the impacts of the environmental conditions of its neighbours. All 
countries have a stake in each other's present and future well-heing (UNCHS, 1990). 
Environmental sustainability is the most significant concept of sustainability as it takes 
care of the demands of future generations along with thc present needs. 

According to the World Watch Institute, building construction consumes 40% of the 
raw stone, gravel and sand, 25% of the virgin wood, 40% of energy and 16% of watcr 
used annually worldwide (Roodman et al., 1995). The construction industry is involved 
in activities that adversely affect the environment through the over-exploitation of non
renewable resources. It may result in stripping of top soil, destructing natural 
topography, resulting in problems like erosion, landslides. and also causing detrimental 
effects to local hydrology. This also contributes to the loss of fertile soil and to 

destruction of agricultural land, along with the depletion of natural resources and 
pollution of the environment hy the emission of dust, debris and toxic gases as by 
products of the building process. Statistics of total energy consumption show that the 
proportion of energy consuming for huilding activities in the developing world is 35% 
of the total annual energy consumption. It utilizes energy for the development or 
production and transportation of materials and machinery, building and also for the 
maintenance activities. 
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Annually more than two million residential buildings are constructed in India apart from 
the construction of commercial and industrial buildings. Bulk annual consumption of 
materials like cement (more than 75 million tonnes). steel (more than 10 million tonnes) 
and bricks (more than 70 billion tonnes) for these construction activities contrihute to 
the emission of greenhouse gases to the atmosphere (Reddy et al.. 2(01). Good 
environmental performance is important to mitigate the impact of climate change and 
depletion of resources to attain a sustainahle hahitat. The National Measures for 
Sustainable Building in the Netherlands include measures of six environmental themes: 
energy, water, materials. indoor environment, surrounding environment and 
miscellaneous (Hendriks, 200 I). 

Efficient use of renewable and non-renewable n;sourees, proper land management, 
provision or healthy surroundings, basic infrastructure facilities and waste management 
have heen identified as the hasic criteria for achieving environmental sustainability in 
housing (Fig. 2.8). 

Environmental 
"'actors 

~ .. .. .. .. .. 
Renewable and Land Healthy InfrastlUeture Waste 
Non-renewable conservation and environment management and 
Resources Droner olanninl! Mat~rial efficiencv 

Figure 2.8 Environmental sustainability 

Renewable and non-renewable resources - Minimizing or effectively utilizing the 
resources and promoting the usage of sustainahle resources are the main concern in this 
context. Especially energy and other non-renewable resources in household activities 
and the building process need specific attention. The owrcxploitation of natural 
resources should be restricted. The recycling or reuse of water, rainwater-harvesting 
systems can be induded as essential aspects along with basic infrastructure facilities. 

Land conservation and proper planning - Modern housing development has a major 
impact on the environmental system. Damage to sensitive landscapes including scenic, 
cultural, historical and architectural must also be given due consideration. The 
unrestricted and unplanned growth of housing development should be prevented. 

Healthy en.vironment - The habitat as well as the nearby environment should be 
favourable to the healthy development of inhahitants, hoth physically and mentally. 
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Planning of hoth the indoor and outdoor environment need prime concern with respect 
to ventilation, thermal comfort and lighti ng through proper planning and orientation. 

Infrastructure· Infrastructure can he divided into two components, social infrastructure 
and physical infrastructure. The social infrastructure refers to educational and health 

care facilities. The physical infrastructure includes water supply, sanitation, drainage, 
transportation, solid waste management and land management. The provision of 
physical infrastructure must be seen as a prerequisite to achieve sustainable human 
settlements (Choguill, 1996). Infrastructure development is essential to improve the 
quality of life for human beings as well as the protection of the environment. 

Waste management and material efficiency· The processes involved in the provision 
and use of housing have a significant role in the contribution of solid waste. Household 
activities also supplement to the accumulation of waste further polluting the 
environment. Construction and demolition debris accounts about IS-30% of solid waste 
by weight representing a major component of all municipal solid waste (Kartam et aI., 
2004). Reducing material wastage has several benefits. It reduces global material 
consumption and in the long term, also the amount of demolition waste. It also reduces 
construction costs, making houses more affordable. When properly done, recycling 
waste as building materials is a convenient way to reduce the environmental impact of 
the construction industry (CIB and UNEP, 2002). 

Environmental sustainability of sustainable housing development should consider the 
following objectives as basic requirements for sustainahle housing developments. It 
should be able to ensure -

Basic infrastructure by 

• Provision of drinking water 

• Provision of drainage and sanitation 

• Waste disposal 

• Provision of electricity 

Energy efficiency by 

• 
• 

Minimizing the use non renewable energy in daily household activities 

Utilizing alternative solutions for renewable energy 

Water efficiency by 

• 
• 
• 

Reuse of water 

Protecting water quality 

Rainwater harvesting methods should be integrated with housing projects 
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Land management 

• Conservation of agricultural land 
• Proper regulatory measures should be taken against uncontrolkd land reclamation 

for clay mining, housing and other development 

Indoor environment 

• Improving air quality 

• Improving thermal comfort 

Surrounding environment 

• Improving biodiversity 

Waste management 

• Proper disposal and recycling of household waste 

Based on the above discussions on different aspects of sustainable-affordabk housing, 
Fig. 2.9 presents an objectives hierarchy model for sustainable-affordable housing. This 
framework can be used for evaluating the present housing issues or formulating the 
guidelines for new housing projects for achieving sustainable housing development. 
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Sub-objective Factors or criteria 
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Figure 2.9 Objectives hierarchy model for sustainahfe-ajfordahfe housillg (CF,) 
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2.4 The conceptual framework for sustainable-affordable housing 

The macroeconomic performance sets the overall resource framework for human 
settlements in all countries. Although there is a clear correlation between economic 
growth. the level of urbanization. the quality of shelter and basic services provided, and 
social indicators, there are many exceptions to this rule: policy can make a difference, 
even when resources are scarce (UNCHS, 1988). This advocates the need for a strong 
supportive institutional (policy) framework, including a wide range of inputs and 
expertise to deal with all different aspects. the actors involved and their actions at 
various levels, to accelerate and integrate the process of development in a sustainable 
manner. 

The existence of inappropriate regulations and inefficient planning systems can also 
cause havoc with housing supply for the poor majority. Thus housing policy for people 
living in poverty has multi-objective and multi-institutional relevance (UNCHS. 1(90). 
At the strategic level, sustainable dev.e1opment principles and approaches should be 
integrated into policy strategies and into the planning process. A hard-core policy 
framework is thus inevitable for the efficient working of implementation systems, 
which can optimizc the limited resources and integrate the various actors. It is also 
essential to create a 'pull' from the side of beneficiaries rather than being a 'push' from 
the authorities in achieving the development of sustainable housing. 

The proposed conceptual framework for sustainable-affordahle housing (Fig. 2.10) is 
thus a combination of objectives (CFI. Fig. 2.9) and strategies (CF2) for sustainable
affordable housing. CF,. Objectives for sustainable-affordable housing enlist the criteria 
for sustainahle housing development, and helps in analysing the housing issues. CF2. 

strategies for sustainable-affordable housing. is intended to assist in formulating policy 
recommendations supporting sustainahle-affordahle housing utilising the criteria set out 
in the first phase as guidelines. 

Sustainable-Affordable 

@J Housing @J • ~ .-
Objectives for S tratcgies for 
sustainable-affordable housing sustainable-affonlahle housing 

Figure 2.10 Conceptualfi'amework for sustainable-affordahle housinl? 
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Policy reforms in the housing sector require a country-specific approach of applying the 
appropriate instruments to the conditions, chalknges, and constraints in each country 
(World Bank, 1993). Since housing is a region-specific activity, these strategies can be 
formulated only after the evaluation of housing situation using CF I . Tn this framework 
CF2 can be considered as a mechanism for achieving the objectives as derived from the 
analysis using eFI . 

2.5 Conclusion 

The basic conceptual model for sustainable-affordable housing shows the 
interdependence of the four factors of sustainability and as well as their equality. These 
are the pre-assumptions of this model and will be tested under the context of KeTala. 

The conceptual framework developed in this chapter can be used as a general tool for 
analyzing the housing problems and as well as formulating improved policies for 
housing the rural poor in any of the developing economies. However, this framework 
needs some modifications for applying to the housing problems of developed countries 
as it has peculiar differences in the needs, requirements and specifically in the concept 
of shelter from that of less developed economics. 

The Objectives hierarchy model (CF I ) analyzes the needs and requirements of the 
beneficiaries from their own viewpoints and enlist them under the heads of different 
objectives of sustainable development. Based on the analysis of CFJ, strategies have to 
be formulated according to the requirements of sustainahle-alTordable housing. Cr.] 
brings up integrated strategies for addressing the housing problem as defined by CFI, 
considering the regional requirements. 

This conceptual framework will he applied and tested in this thesis in analyzing the 
housing situation of the poor in Kcrala and formulating strategies for sustainable 
housing development. 
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3 PUBLIC HOUSING POLICY IN KERALA: HISTORY AND 
EVALUATION 

3.1 Introduction 

This chapter presents an evaluation of the public housing policies for the economically 
weaker sections (EWS) in Kerala. Il also presents an overview of the evolution of 
housing policies in the developing world and subsequent changes in the low-income 
housing policy of India, with specific attention to the case of Kerala. A methodology 
based on the conceptual framework from chapter 2 is applied in the analysis. This 
evaluation helps to understand the problem through a sustainability perspective and 
investigates the success and failure factors of public intervention in housing the poor. 
Data for this chapter are collected mainly through review of the literature from reports 
of international agencies like the World Bank, UNCHS, Five Year Plan documents of 
government of India (details of housing policy and housing programmes) and the 
official reports of government of Kerala. Field observations and information from 
household surveys are also used for the analysis. 

This chapter is comprised of ti ve sections. After this introductory part, section 3.2 
presents an overview of the evolution of present housing policy in India followed by the 
advancements in the developing countries. This is succeeded hy the public housing 
initiatives in Kerala. Section 3.3 gives the evaluation of public housing schemes in the 
state. This evaluation has been done in two stages; (i) from the perspective of the 
government and (ii) from the perspective of the observer. Section 3.4 gives the 
conclusion. 

3.2 Evolution of housing policy 

Before the world wars, housing was given low priority and left to private enterprise. It 

only raised the attention of both national and international agencies only after the 
Second World War. The most significant agents were the United States and United 
Kingdom together with the United Nations. They offered guidance and assistance to the 
national governments. It was a period of pioneering initiatives in housing policies in 
most countries of the developing world (Harris et aI., 2003). Since 1945, housing policy 
had undergone a major shift throughout the world. The World Bank entered the housing 
field only in 1973. Later in t 978, the United Nations Centre for Human Settlements
Habitat (UN-Habitat, http://www.unhabitat.org/) was established as the lead agency 
within the UN system for coordinating activities in the licld of human settlements 
development. 
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A paradigm shift in policies has taken place from the initial 'provider' approach (1945 
to 1960) to the pn:sent 'facilitator' approach (1980s onwards) through an approach 
based on aided self help and mutual help (1960 to 1980). The Global Strategy for 
Shelter (GSS) to the Year 2000, adopted in 1988, emphasized the need for improving 
production and delivery of shelter, revising national housing policies through an 
enabling strategy, and offered useful guidelines for the realization of adequate shelter 
for all by the beginning of twenty-first century. Thereafter, in 1996, a 'Habitat Agenda' 
was called for by UNCHS as a global plan of action at the second United Nations 
Conference on Human Settlements (Habitat), held in Istanbul, Turkey. This global 
agenda adopted by 171 countries contains over hundred commitments and six hundred 
recommendations on human settlements issues. Despite the progress in developing 
countries in the past two decades in low- income housing policy, the gap between policy 
formulation and the implementation process is widening, and the housing situation of 
lower income groups is far below being satisfactory (Erguden. 200 I). 

Homelessness or poor housing conditi.ons often reflect the amplitude of poverty. In 
today's market-based society, needs are fulfilled based on the financial ability of the 
individual rather than its importance. As a result, the poor have to be satisfied with 
lowest quality of housing and living environments provided by the commercial market. 
They cannot afford to pay the economic rent for housing accommodation of even the 
minimum standards. In this context, this discussion on the public efforts in solving the 
housing problem should be helpful in analysing the problem and providing fruitful 
solutions. Particularly in India, with the highest number of poor population in thc world, 
public support plays a significant role in ensuring adequate supply of affordable housing 
to the poor. The succeeding section presents a discussion on the evolution of housing 
policy in the developing countries and corresponding public housing efforts in India 
(Kerala). 

3.2. J Developing countries 

The aftermath of Second World War raised a huge demand of housing throughout the 
world. Policies at that time were mainly guided by these demands and by 
decolonisation. Among the developing countries. the tirst countries to develop housing 
programs were the colonies of the European countries, and their initiatives were 
prompted, guided, and partially funded by their colonial masters. As decolonization 
proceeded during the 1950s and early 19605, the responsibility for promoting housing 
policy passed from colonial governments to the United States and the Soviet Union, 
themselves imperial powers, and to international agencies, initially the United Nations 
and later the World Bank. Sinee the 1 960s, these agencies have appeared to have a 
dominant influence upon the evolution of housing policy in the developing world 
(Editorial, Habitat International, 27, 2003). Researchers have identified three phases in 
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the evolution of housing policy since 1945: public housing (1945-1960s), sitcs-and
services or aided self- help (1972-1980s), and market enabling (1980s-present) (Harris 
et al., 2003; Giles, 2003). 

Phase I (Public housing, 1945-1960) - Public housing policy was sometimes described 
as 'Permanent housing for rent' (UK Information Service, 1960 cited in Harris et al., 
2003). The Governments' role in the public housing policy for low-income housing was 
that of a 'Provider' of public housing. Houses were in the form of permanent 
construction units, often apartments, with the assumptions to ensure affordable and 
effective housing delivery, eliminating unsanitary conditions, to replace squaller 
settlement. But they implemented the policy in the same way as in industrialized 
countries without much thought about differing contexts into developing countries 
(Pugh, 1994). High building standards coupled with the usc of imported materials made 
the housing expensive. Also the occupants were forced to adapt to unfamiliar living 
spaces, which were designed to suit European climates and cultural norms. Eventually, 
in a number of countries, the occupants of puhlic projects were allowed to adapt and 
extend their dwellings in ways that made them both more affordable and more suitable 
(Tipple, 2000). Additional problems often included the challenge of managing projects. 
This 'product' approach, requiring large subsidies per unit, resulted in the formal sector 
(developers and financial institutions) and could satisfy only a fraction of household 
demand. Also it failed to generate the market mechanisms necessary to convert 
homeownership into an economic as well as a social good (Ferguson et al., 2003). Most 
experts, and all international agencies, soon concluded that public housing could not 
solve the housing problem in the developing world, and viewed it as inappropriate and 
expensive (Harris et al., 2003; Gulati, 1985). Solutions urged by Turner and some of his 
followers argued that the poor people should be aided rather than hindered in their 
attempts to solve their own housing problems, through self help or mutual aid. 

Phase TT (Sites-and-services or aided self- help, late 1960-HO) - The public housing 
phase between 1945 and the late 1960s was replaced by an enthusiasm for 'sites and 
services'. Under this method, the government generally provides land, plans the lay-out 
of the site and circulation, secures land tenure for the occupants, and installs facilities 
for water supply and waste disposal or play grounds and other community needs. The 
building of housing units is left to the residents hy whatever means is availahle to them. 
Until the early 1960s, aided self-help was consistently endorsed by the leading 
international housing agencies including the United States and United Nations. In 
addition to aided self-help, the UN emphasized enabling strategies. These usually 
involved support to the building and building materials industries (Giles, 20(3). The 
World Bank's entry into the international housing field in the early 1970s is generally 
supposed to have opened up a new era and has had a large impact upon the theory and 
practice of the housing situation in developing countries. The Bank's endorsement of 
'sites and services' was consistent with the UN's continuing emphasis on self-help 
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(World Bank, 1972). These efforts brought out considerable changes in a comparatively 
short period of two decades. The first phase of the Bank's theory and practice of low
income housing was based upon neo-Iiheralist political economy, with emphasis upon 
individualism. free markets, and 'user pays' principles. The state's roles were seen as 
facilitative and limited, mainly being expressed in providing infrastructure. utility 
services, and title to land. The intention was to make housing affordable to low-income 
households without the payment of subsidies, in contrast to the heavily subsidized 
public housing approach. In the years 1972-1982, the Bank took a projeet-by-projeet 
approach, using its financial power to steer policies towards alTordahility, cost recovery 
and replicability. Housing standards and methods of construction were to he set within 
affordability, using budget limits to define feasihle standards rather than following 
professionally derived building standards 10 determine (excessive) hudget levels. Self
help housing has relevance and significance throughout the evolutionary changes in 
policy from 1972 to 1993, but its significance and relevance in overall housing policy 
varies. In the 1970s it occupied a central position, thereafter its position changed to 
being an element in overall policy, which widened to include housing finance, 
macroeconomics, and whole housing sector development (Pugh, 1994). 

Phase IIJ (Whole sector development or market enabling, since 1980) - One of the 
perceptions that emerged in Vancouver UNCHS summit in 1976 was to consider human 
settlements as an integral part of national development. The role of the government as 
an enahler of public housing was called for. By the mid-1980s the World Bank also 
adopted a second phase approach (1983 to 1989) centred upon linking housing sector 
development to national economies. This fundamental shift of the governments from 
provider to enabler rd1ects a growing understanding of the importance of housing as an 
economic good (Zearley, 1993). It commenced with the channelling of loan assistance 
through housing finance systt:ms, using these as conduits for broad allocation to 

households. One major thrust or these reforms was to mobilize household savings, in 
particular, and to draw these into the housing capital section of the capital market (Pugh, 
199 I). This approach had important implications in widening the agenda of housing 
policy reform. Policies and practices have been switching emphasis since the mid 1980s 
from a focus upon a project-hased approach, for example, in sites and services schemes, 
to whole housing sector developmcnt. The third phase policy (post 1989) evolved from 
the second phase and was concerned with housing tinanct: and macro-economic 
conditions. and it became expressed publicly in the World Bank's strategic housing 
policy review set to thc theme of 'housing: enabling markets to work' (World Bank, 
1992). The main thrust of this phase is the growth and development of the whole 
housing sector in its urban and national context. In a whole sector housing development 
perspective, policy makers and professionals have been urged to understand housing as 
one that connected to development policy, to the macro-economy, to anti-poverty 
policies, to infrastructure services, to land policies and land management, to capital 
market and tinancial systems, and with a focus upon low-income groups in their 
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housing opportunities. The third phase joints together the World Bank. the United 
Nations Centre for Human Settlements. and the United Nations Development 
Programme (UNDP) (Pugh. 1994). UNCHS serves as a focal point for monitoring 
progress on implementation of the Hahitat Agenda. The available information suggests 
that follow-up activities on the Hahitat Agenda's goal of "adequate shelter for all" have 
strengthened the focus on the implementation of the Global Strategy, with specilic 
reference to promoting the principles of enablement. partnership and participation. as 
well as to topics related to the realization of housing rights. improvement of the access 
of low-income groups to elements of shelter delivery (such as land. tinance and building 
materials) and the diversification of shelter policy to more effectively address the needs 
of vulnerable groups and people with special needs. The implementation of the Habitat 
Agenda has also strengthened the trend of utilizing the shelter sector as a driving force 
for the promotion of economic development and as an effective entry point for poverty 
eradication and social development. Perhaps the single most important development in 
policy and planning over the last two decades has been the shift to the "enabling 
approach". The underlying philosophy of the enabling approach seems to he accepted 
by all, yet concrete implementation remains weak. and many countries lack the detailed 
time-frame. sub-objectives and resources required to turn policies into strategies 
(UNCHS. 1996). 

The public housing approach in India also had gone through a series of changes over the 
years since independence before getting its present form of national housing and hahitat 
policy. It exhibits a similar kind of policy shift as in other developing countries from the 
earlier Public Housing phase to the present whole sector development concept. 

3.2.2 HousinR policy: India 

There were no major officially sponsored housing programmes in India hefore 
independence (1947) other than a few isolated attempts to house their employees by the 
central and provincial governments. Independent India was facing crucial problems like 
rehabilitation of refugees. migration of rural population to urban areas, high population 
growth rate like most of the other newly independent countries. About 7.5 million 
displaced persons came into India from Pakistan and the problem had been tackled to a 
great extent by providing planned colonies and townships in various parts of the 
country. It is in this connection that the central government undertook a first large scale 
housing programme for persons other than their employees. Ulhas Nagar near Mumbai, 
Sardar Nagar near Ahmedabad. Gobindpur and Hastnapur in Uuar Pradesh, Chandigarh, 
Faridabad and Nilokheri in Punjab are among the major colonies constructed for the 
refugees. 

The immediate responsibility of the government of independent India was the provision 
of reasonably decent accommodation in the urban areas within the limited funds. They 
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followed a central planning model of development through the Five-year Plans and 
various social housing schemes for different sections of the society were introduced to 
solve the housing problem in India. Right from the first Five-year Plan period (1951-
56) housing has been given importance, though not adequate when compared to the 
magnitude and nature of the problem. Financial allocation for housing as a percentage 
of total investment in the economy was as high as 34% in the first Five-year Plan hut 
has come down to as low as 2.4% in the tenth (2002-07) Five-year Plan (Five-year Plan 
documents; Rao, 2004). The ensuing text presents the details of different housing 
programmes introduced by the central government through the Five-year Plans. 

In the first Five-year Plan (1951-56), the emphasis was given on institution building and 
on construction of houses for government employees and weaker sections. But during 
the second Plan period (1956-61). the scope of housing programmes was extended to a 
greater extent to the poor. The government adopted the concepts of wel fare statc and 
gave priority to housing the masses in decent environment, especially slum dwellers, 
industrial workers and low-income groups. One of the earliest efforts in the maller of 
puhlic housing was the social housing scheme introduced during this period. 

The integrated subsidized housing scheme for industrial workers and other 
economically weaker sections in the society (1952) is considered as a landmark in 
India's social housing history. The scheme was meant to provide developed plots or 
two-roomed single or multi storey houses on a rental basis subject to certain cost 
ceilings. Minimum standards were also ensured for the houses under this scheme. The 
central government provided fifty per cent subsidy and the rest as loan to state 
governments, or Statutory Housing Boards, employers and registered co-operative 
societies of industrial workers for construction of tenements. It was decided in 1979 to 
transfer the tenements to the occupiers at actual cost on hire purchase basis. 

The Low-income group (UG) housing scheme (1954) was initially intended to provide 
loans or grants to persons whose annual income does not exceed Rs. 6000 (€ 120) to 
meet their housing requirements. Later during the third Five-Year Plan it was extended 
to weaker section of the community with an annual income of Rs.1800 (€ 36) and less. 
The assistance was restricted to 80% of the estimated cost of construction, including 
land and was suhjected to a maximum of Rs. 8000 (€ 160). The implementing agencies 
were governmental and semi governmental organisations and cooperatives. 

Subsidized housing scheme for plantation workers (1956) was introduced to assist the 
planter companies to provide housing for the plantation workers with the help of loans 
and subsidies from the central government. Small two-roomed houses with low cciling 
costs were provided. 
Slum clearance and improvement scheme was introduced in 1956 in the central sector to 
provide for the rehabilitation of slum families and also for improvement of slums. The 
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tenements were constructed by slum clearance boards and housing boards and the slum 
dwellers were charged nominal rents. This scheme was transferred to the state sector in 

1969. 

The village housing project scheme (1957) provided the grant of loans for construction 
of houses by villagers to the extent of 80 per cent of the cost of construction. 

The formal housing finance sector in India had its beginnings in the 19605 when the 
government, through its various schemes for public and low-cost housing, was the sole 
provider of housing finance. All the schemes at that time provided housing loans at 
lower rate of interests but could not reach the lowest strata of the society. The rental
housing scheme provided rented accommodation could also benefit the employees of 
the state government only. 

The housing programmes in the third Plan (1961-66) were focused on the co-ordination 
of efforts of all agencies and orienting the programmes to the needs of low income 
groups. 

Subsidized rental housing scheme for the EWS introduced during 1964-65 provided the 
poor with either developed plots or two roomed house in a developed plot on renl. The 
land acquisition and development scheme introduced during this period also made 
developed plots available at reasonable prices to people belonging to lower income 
groups. 

The balanced urban growth was the high priority of the fourth Plan period (1969 to 

1974). 

Environmental improvement of urhan slums was undertaken during 1972-73 and 
provided financial assistance to the states for expansion of water supply, sewerage, 
paving of streets, the provision of community latrines, etc., in slum areas. 

1970s marked two significant developments in the housing tinance scctor. During this 
period a public sector housing company, Housing and Urban Dcvelopment Corporation 
(HUDCO in 1970) and the tirst private housing finance company (HFC). Housing 
Development Finance Corporation (HDFC in 1977) were establishcd. HUDCO servcd 
as the principal institution to finance government-supportcd housing programs, whereas 
HDFC introduced mortgagc financing 10 India and has become the largcst and most 
successful in the country. 

The main thrust of the programmcs in the tifth Plan (1974-79) was directed towards 
ameliorating the conditions of the backward sections of the society by augmenting the 



44 ChapTer 3 

programmes for the construction of housing colonies by state housing boards and 
provision of house sites for landless labourers in rural areas. 

During the initial phases (1950to 1(79) of social housing, the schemes were mainly 
directed towards the construction of formal housing. Apart from the houses constructed 
for slum dwellers and industrial labourers, the only section of people who benefited 
specifically from public sector support for housing has been the employees of the 
government and public sector enterprises. During this period the houses constructed for 
low income groups totalled only ahout :B6,OOO (sixth Five year Plan report). The 
government's realization of the ineffectiveness of its programmes. together with their 
unwillingness or inability to increase the housing investment, has led to a gradual 
change in policy and pursuance of programmes that involving 'site and service' and 
self-help (Slingsby. 1(89). Self-help housing. innovati ve construction techniques and 
utilization of the local building materials gained more importance and was promoted 
during this phase. The 'Minimum Needs Programme' and the 'Twenty Point Economic 
Programme' introduced during the Fift~ Plan aimed at improving the housing situation 
of the poor. 

The housing programmes during the six.th Plan (1980-85) put emphasis on integrated 
provision of services along with shelter. Construction of houses was included as one of 
the major activities under the National Rural Employment Programme (NREP-1980) 
and Rural Landless Employment Guarantee Programme (RLEGP-19R3). 

The increasing housing demand forced the government to entrust major responsibility or 
house construction to the private sector. A three-fold role was assigned to the public 
sector during the seventh Plan (1985-90) period, namely mobilisation of resources for 
housing, provision for subsidized housing for the poor and acquisition and development 
of land. The role of institutional finance and the promotion of building material 
technology were also given due priority in the Seventh Plan. In 1988, the National 
Housing Bank (NHB) was established as an apex bank for housing finance. The 
National Housing Bank"s responsibilities include establishing guidelines for housing 
finance institutions to ensure sound financial management, refinancing mortgage loans 
made by qualified housing linance institutions, and mobilizing formal sector resources 
into housing finance. Based on the success of HDFC a number of new housing finance 
companies were subsequently established during the 1980s to enter into the mortgage 
lending market. 

Indira Awaas Yojana (lAY) was launched during 1985-1986 with the objective of 
providing assistance to the Below Poverty Line (BPL) rural households. Selection of 
construction technology, materials and design was left entirely to the choice of 
beneficiaries. From the year 1993-94 the scope of lAY was extended to cover noo-



Public Housing Policy in Kerala: History and Evaluation 45 

scheduled castes and scheduled trihes and hdow-the-poverty-Iine families in the rural 

areas. 

Even though housing activities in India were guided and monitored through the policies 

prescribed in the successive Five-year Plans, there was no clear pronouncement of an 

integrated policy covering all issues relating to housing. Housing has got a new thrust 

after the proclamation of 1987 as the International Year of Shelter for the Homeless 
(IYSH), by the United Nations. A comprehensive National Housing Policy (NHP) was 

drafted in 1987 in connection with the IYSH initiatives in India. 

The post-I 990 period can be seen as the era of housing sector reforms in India. Massive 
housing programmes have been launched, throughout the country by the respective state 

governments. Keeping in line with the UN declaration of Global Shelter Strategy 2000, 
the government of India reformulated the housing policy and introduced as the National 

Housing Policy (NHP) of India in 1992. The recognition that the physical dwelling unit 
is not the sole clement of housing and that the provision of basic services like potable 
water, sanitation, drainage, electricity and such other services arc integral to housing 

was reflected in the housing schemes during that period. 

During the eighth Plan (1992-97) period, significant acti vities were undertaken towards 
the implementation of Agenda 21, endorsed at the Rio de Janeiro environment meeting 

of 1992. This document had laid stress on the deteriorating situation in human 
settlement conditions, assessed to be a result of low levels of investment because of 

resource constraint and recommended promotion and improvement of activities in eight 
priority areas. There is an enormous shortage in the housing sector and major 
deficiencies in the housing-related infrastructure. The key objective of the NHP-1994 

was to provide access to adequate shelter for all. This necessitated a policy shift to 
encourage the private and cooperative sectors to play a major role in housing sector, 

modifying the existing legal and regulatory regime. This position was reiterated and 
elaborated in the National Housing and Habitat Polic/ (NHHP) of 1998. This policy 
aims in providing "Housing for all" with an emphasis on extending benefits to the poor 
and deprived. It has spelt out its objectives and priorities as follows: 

• 

• 

To create surpluses in housing stock and facilitate construction of two million 

additional dwelling units each year in pursuance of National Agenda for 
Governance. 

Providing affordable, good quality shelter options for the citizens, especially the 
vulnerable group and the pOOf. 

• http://www.ciionline.org/sectors/61/Trnages/nhhp 199H.pdf (Accessed on 22' nd May 
2006). 
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• 

• 
• 

• 
• 

• 
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Ensuring infrastructure facilities and easy accessibility to drinking water and basic 

sanitation to all dwelling units. 
Facilitating the easy access to land, finance and technology. 
Progressive shift from a subsidy based housing scheme to cost sharing or cost 
recovery-cum-subsidy schemes for rural housing. 
Protecting and promoting the cultural heritage, architecture and traditional skills. 
Using the housing sector to generate more employment and achieve skill up 
gradation in housing and building activity. 
Using technology for modernizing the housing sector to increase efliciency, 
productivity, energy efficiency and quality. 

The ninth Plan (1997-2002) gave special attention to households at the lower end of the 
housing market. The government shifted to the role of a facilitator with the concept of 
sustainable development. An action plan for rural housing has accordingly been 
prepared. Several innovative schemes were introduced by the central government in 
1999, namely the credit-cum-subsidy s~heme, Innovative stream for rural housing and 
habitat development, Samagra Awaas Yojana and Rural building centres to achieve 
'shelter for all' by twenty-first century, and to accelerate the process of sustainable 
development. 

The credit-cum-subsidy scheme for rural housing was launched to facilitate construction 
of houses for rural families who have some repayment capacity. The scheme aimcd in 
eradicating homelessness from the rural areas of the country. The funds shared by the 
central government and the states were in the ratio of 75:25. The target group under this 
scheme is rural households having an annual income up to Rs. 32000/-. However, below 
the poverty line, rural households were given preference. 

Innovative stream for rural housing and hahitat development was introduced with a 
view to encourage the use of cost effective, environment-friendly, scientifically tested 
and proven indigenous and modern designs, technologies and materials. The objective 
of the scheme was to promote or propagate innovative and proven housing technologies, 
designs and materials in the rural areas. 

The Samagra Awaas Yojana was introduced with a hasic objective to improw the 
quality of life of the people as well as overall habitat in the rural areas. The scheme 
facilitates convergence of the activities of diffcrenr departments involved in rural 
development such as housing, sanitation, drinking water, electricity, rural technology 
etc. 

The ministry of rural development has launched a scheme facilitating the setting up of a 
network of Rural Building Centres (RBC) through the length and breadth of the rural 
" ... ,," ,-lllr;op- this Deriod. The scheme represents the spirit of the enabling strategy by 
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which access to appropriate technologies and capacity building at the grassroots level is 
achieved for affordable housing. A rural building centre could be set up by the state 
governments, rural development agencies, credible Non-Government Organizations 
(NGO), private entrepreneurs, professional associations, autonomous institutions and 
corporate bodies, including puhlic sector agencies provided that they have the minimum 
requirements as specified hy the central government (NHHP). 

Table 3.1 gives a list of all the social housing schemes implemented by the government 
of India since independence. It is interesting to sce the replication of same kind of 
policy shift as the one that noticed in the housing policy put forward by the international 

agencies. 

In the same way during the initial phase (Phase T) from 1945 to 1960, government of 
India took the role of a provider of public housing. This was followed by sites and 
service and aided self help as the second phase from late 1960 to 1980. The third phase 
(1980 to present) with the facilitator approach along with promoting the sustainable 
habitat concept through housing programmes shows progressive shift for rural housing 
strategies from target oril:ntation to a demand driven approach. This is well reflected in 
the housing programmes of the current Plan period (2002-07) also. 

However, in India housing being a state subject, housing policy is required to be 
essentially formulated and implemented by state governments and 10l:al governments. 
Each state government is required 10 frame its own approach to the problem of human 
settlement; following the guidelines in the national housing policy. The ensuing (ext 
explains the corresponding l:hangcs in the housing situation of Kerala and the political 
approaches of the successive governments during those periods. 
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Table 3.1 Different Housing Schemes of the Government of India 

No: Housing Scheme Year of l' arget groups Policy shift 
Launch 

I. 
Integrated subsidized hou,ing scheme 1952 Industrial workers and other economi~ally 
for indu,trial workm and EWS weaker lections 

2. 
Low income group fUG) housing 1954 Low income group househ(lld with regular 

income Phase I 

3. 
Subsidized housing for plantation 1956 Plantation workers 
workers Public Housing 

Slum clearance I improvement scheme 1956 Rehabilitation of slum dwellers 
4. (1945 to 1960) 

5. 
The Village housing projects scheme 1957 Villagers and landless agri~uItural workers 

6 
Middle Income group (~IG) housing 1959 Loan scheme for middle income groups 
scheme 

7. 
Rcmal hOllsing scheme for state 1959 Stmc government employees 
eovernment employees 

g Subsidized Rental housing scheme for 1964·65 Economically weaker sections 
EW.s -

9. 
Provi~ion of house sitcs to land tess 1964 Landless workers in rural areas Phase n 
agricultural labourers 

ID. 
Land acquisition and development 1967 Slum dwellers. industrial workers, L1G and Sitc-and-
scheme MIG households Service 
Environment improvement of urhan 1972 Slum dwellers And 

11 
slums Aided Sdf- heIp 

12. Minimum ~eeds Programme 1974 Rurallandlm labourers 
(1960 to 1980) 

13, 
Rural house sile cum house 19~O Landlcss rural poor 
constructi,)n scheme 

Rehabilitation Housing Scheme I984-R5 Households who lost their hOllses in natural 
14. calamities and belonging to EWS 

15. 
Indira Awas Yojana 1985 Economically weaker sections 

Phase III 

16. Rajiv One million Housin2 Scheme 1987 EconomicaJlv weaker sections 
Night shelter scheme for pavement 1990 Pavement dwellers Market enabling 

17. 
dwellers (Facilitator or 

National slum development 1996 Slum dwellers 
Whole sector 

IR. 
programme 

development ) 

19. Two million housing programme 1998 Economically weaker sections 1980s onwards 

Sumugra Awaus Yojana (SA Y) 1999 Economically weaker sections in rural 
20. areas 

Credit cum subsidy schemc for 1999 Rural households with repayment cap~city 
21. housing 

22. 
Innovative Stream For Rural Housing 1999 Economically weaker sections in rural 
& Habitat Development areas 

Vaahniki Arnbedk~r A was Yojana 2001 Economically weaker sections in urban 
21 (VAMBAY) slums 
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3.2.3 Housing policy: Kerala 

State intervention in the housing sector in Kerala was initiated in 1950. Until 1970 it 
was limited to implementing the schemes of central government, and the progress was 
unimpressive mainly because of the low priority to housing and lack of mechanisms to 
implement housing schemes. The various housing schemes implemented in Kerala till 
1971 had produced only less than twenty-five thousand houses in twenty years (Paulose, 
1988). The Kerala State Housing Board (KSHB) was constituted in the year 1971 with a 
view to formulate and implement various housing construction schemes, as well as 
housing loan schemes ror catering the housing needs of puhlic belonging to various 
income groups in the state. The Kerala State Housing Board implements various 
scheme, and its main sources of rinance are institutional loan rrom HUDCO, LIC (Life 
Insurance Corporation), HDFC and grants from the stale government. The board has so 
far (1971-200 I) assisted the construction of 575,000 houses under various schemes, out 
of which 79% arc ror economically weaker sections (Government of Kerala, 200 I). 
However, the major plan schemes implemented by the housing board arc Subsidized 
Aided Self-Help Housing Scheme (SASH), Rehabilitation housing scheme, the Co
operative housing scheme for economically weaker sections, the subsidized self help 
housing scheme and Chengalchoola slum improvement scheme. 

The tirst massive housing scheme, the One Lakh Housing Scheme (OLHS) for the poor 
with community participation was implemented in Kerala during the year 1972-76. This 
was a pioneering initiative of the state government, and it marked a remarkable change 
in the low-income housing situation of Kerala. It was designed for the poor landless 
agricultural labourers, who have not received homesteads under the Kerala Agrarian 
Relations Act. In 1971, the government of India announced a scheme for giving free 
house plots to landless agricultural workers all over India. The state government 
decided to give houses also practically free of cost along with this. Funds were raised by 
collecting donations from the public, free labour from members of voluntary agencies, 
students and beneficiaries themselves. At the time of launching the scheme there were 
960 panchayats in the state. The target was fixed at the rate of hundred houses in each 
panchayat and thus a total of 96,000 (roughly 100000-one lakh) houses, but they could 
finish only 60,000 houses. The scheme was discontinued in 1976-77, mainly because 
the government had decided to evolve new schemes to benefit a higher number of 
households. The main feature of the scheme was that no expenditure was incurred for 
overhead costs and services. Both administrative and technical assistance were made 
available through the voluntary efforts put up by officers and public. 

The report and recommendations of the expert committee appointed by the state 
government to evaluate the OLHS emphasized the importance or henefieiary 
participation and the involvement of voluntary agencies. These recommendations lead 
to the launching of a new scheme in July 1983 named as "Suhsidized Aided Self-Help 
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Housing Sch~me" (SASH) for thc economically weaker sections. The scheme is called 
'aided' because the voluntary agencies and the government help the beneficiaries in 
mobilizing finance, arranging tcchnical assistance, procurement of materials ctc. One 
third of the cost was given as subsidy by the government. The details of SASH were 
worked out in a systematic manner by analyzing previous schem~s, adopting cost 
reduction techniques in housing and by involving voluntary agencies. A clear shift in 
governmental policy is visible in this scheme from the earlier schemes by introducing 
the involvement of voluntary agencies and beneficiary participation. 

The devastating damage due to natural calamities during 1984-85 had rendered 
thousands of families in the state homeless. The government of Kerala launched a new 
scheme namely Rehabilitation housing sch~me with a view of rehabilitating the 
~conomically weaker sections in rural areas, who lost their houses. The scheme is 
designed in such a way as to tap th~ available institutional finance to the maximum 
extent possible, especially from such agencies as housing and urhan development 
corporation. consortium of banks, the h~)Using development finance corporation etc. 

The Nirmithi Kendra movement was started during this period (1986) at Kollam district, 
with the objective of promoting Cost Effective and Environmentally Friendly (CEEF) 
techniques for the construction of houses. This model was acknowledged by the central 
government in 1988 and decided to establish as a network of 'Building Centres' 
throughout the country in each districts with the help of HUDCO. Later in 1989 Kerala 
State Nirmithi Kendra (KESNIK) was established as an apex body to District Kendras 
in K~rala. 

The housing programmes for the Eighth Five Year Plan (1992-97) were in accordance 
with the national housing policy. The priorities and programmes arc designcd as a sub
set of the long term policy orientation. The government of Kerala also formulated its 
housing policy in 1994 in line with the national housing policy. The salient features of 
the housing policy put forward by the state are the following. 

• Distribution of house plots free of cost to landless workcrs in rural areas. 
• Direct and indirect subsidy for house construction to weaker sections. 

• 

• 

Invol ving voluntary agencies co-operative societies and beneficiaries themselves in 
the housing process. 
Experimentation and propagation of new construction techniques and improved 
building materials. 
Imparting training to masons in new construction techniques . 
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• Ensuring basic facilities by providing drinking water, sanitary latrines, and 
smokeless chulahs; in a phased manner. 

• Mobilization of financial resources for housing from financial institutions like 
HUDCO, HDFC, LIC, Nationalized banks etc. 

Table 3.2 gives an overview of the major EWS housing schemes in Kerala. Apart from 
the state government schemes, central government schemes (Centrally Sponsored 
Schemcs-C.S.S) are also implemented through different departments and local 
government agencies within the state. The rural development department of each district 
is engaged in the implementation of centrally sponsored schemes through the different 
block Panchayats. 

Among the schemes listed in Table 3.2, only few of the central government schemes arc 
implemented in Kerala. Indira Awaas Yojana (lAY 1985-96), Rajiv one million housing 
scheme (1987-92), Credit cum subsidy scheme for housing (1999), Samagra Awaas 
Yojana (SAY, 1999) arc the major centrally sponsored schemes implemented in the 

state. 

Maithri Housing Scheme is the most recent scheme of Kerala State Housing Board 
introduced in 1996. Under this scheme, it was proposed to construct iOO,OOO houses 
per annum. Beneficiary selection was done by the grama panchayat through the grama 
sabhas according to the guidelines of this scheme. Till the end of the year 2004, KSHB 
has assisted the construction of 282,238 houses under this housing scheme (Government 
of Kerala, 2004). 

From the ninth Five year Plan (1997-2002) onwards the local governments are actively 
involved in housing. People's Planning Campaign - PPC (Appendix 3.1), a process of 
democratic decentralization launched in Kerala in August 1996 with the aim to achieve 
sustainable development through people's participation in the planning and 
implementation process, addressed twelve sectors of development including housing 
and social welfare. Total Housing Scheme was an ambitious project undertaken during 
people's planning campaign for fulfilling lhc housing needs of the poor in three major 
districts of the state namely, Thiruvananlhapuram, Kollam, and Thrissur. It was 
planned to sol ve the housing prohlem by people's participation. Along with the three 
main organizations involved in cost-effective building construction in Kerala such as 
Habitat Technology Group, Costford, and the Nirmithi Kendra; HUDCO and the 
government engineering department were identified for implementing the scheme. 
During the first two years of the campaign 98,494 houses werc constructed, equivalent 
to about hundred houses in each panchayat. 

t Energy efficient oven for cooking 
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Table 3.2 Achievement of major E.W.S housing schemes: Kerala 

No Scheme Total Implementing Target groups Policy 
number of agency approach 
houses 

I Subsidized Housing Scheme for 1120 Cenlral Industrial workers and :v1ine 
Industrial Workers Government workers 

2 Village housing projecl Scheme 10606 Central Economically weaker sections 
( 1958) Government 

3 Subsidized Rental Housing 5336 Central Economically weaker sections 
scheme for E. W.S(l964-6S) Government 

4 Huts/Houses for rural workers 11698 Central Rural workers 
Phase I 

Government Public 
5 Low income group housing 30984 Central Low income group housebold Housing 

Scheme Government with re"ular income 
7 Kudikidappukar Housing Scheme 7306 Central All the 'Kudikidappukars' 

Government (free tenants) 
8 Provision of house sites to 36789 Central Landless agricultural workers 

landless agricultural labourers Government 
(1964) 

9 Onc Lakh Housing 60.000 Stat~ Landless agricultural workers 
Schemer 1972) Government and economically weaker 

sections 
10 Co operative housing scheme for 54589 State Economically weaker sections 

economically weaker sections Government in the rural areas. 
11 "Iational Rural Employment J0426 Central Rural unemployed youth 

Pro·ramme (N.RE.P- 1980) Government Phase 11 
12 Rural Landless Employment 40829 Central Rural unemployed youth 

Guarantee Programme Government Aided Selr-
13 Subsidized Aided Self-help 29675 State help or 

housing scheme with cooperation Government Economically weaker sections Mutual help 
of voluntarv a&encics 

14 Rehahilitation Housing scheme 165739 State Households who lost their (Witb partial 
(198H5) Government houses in natural calamities financial 

amI hclonging to EWS assistance) 

15 lawahar Rozgar Yojanallndira I 27-f80 Cenlral Economically weaker sections 
Awas Yojana (1985) Government 

16 Scheduled Castc(SC)/ Scheduled .t4840 State Economically weaker sections 
Trihc(ST) Development Government Belonging to SC or ST 
corporation 

17 Tribal welfare Depanment 11558 Stale Economically weaker sections l'hasc III 
Government Bclon,giI1g 10 ST 

18 Schcdukd CaSle(SC) 51787 State Economically weaker sections Markel 
Development Department Government Relon·in· to SC enabling 

19 Fishermen Housing 61299 State fisher folk Or 
Government Facilitator 

20 Kcrala State Co-Operative 142400 State Economically weaker sections and Whole 
Housin. Federation Guvernment sector 

21 Flood Loan Schemes (1992) 15,235 Slate development 

GOI·ernmcnl 
22 Maithri Housing Scheme (1996) 2.63.778 State Economically weaker seClions 

Government 
23 Total Housing Scheme (1999) 98.494 State Economically weaker sections 

Government 
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The review of the evolution of the present housing policy in Kerala reveals a reflection 
of global policy changes during the corresponding periods, but with minor 
modifications to cope with the interests of political leaders and policies of the respeeti vc 
governments. State government intervention in public housing was a remarkable turning 
point in the housing policy of Kerala. It was pioneered by the launching of OLHS, with 
the role of the government partially as a 'provider' of public housing. Even though the 
International agencies that were constantly advocating public housing have shifted their 
role from this approach by that time (1970s), the government of Kerala promoted this 
with few modifications. The beneficiaries got the houses almost free of cost but with a 
minor financial contribution. 

The housing schemes implemented during the fifth Five year Plan (1974-79) addressed 
the issue of rural housing as part of the minimum nceds programme. The basic principle 
of shelter provision under this scheme can be said to be onc of 'aided self-help', 
whereby the government selects the potential users (beneficiaries), arranges for 
financing and administrative procedures, and the users provide the entire or part of the 
labour input. This, new shift in policy was in line with the international policies based 
on aided self-help and mutual help marking the second phase. The rural employment 
programmes like National Rural Employment Programme (NREP) and Rural Landless 
Employment Guarantee Programme (RLEGP) introduced during those periods also 
followed the same approaches together with lA Y/JRY. This shift in policy is also vivid 
in the 'Subsidized Aided Self-Help Housing Scheme (SASH)" launched in Kerala 
during 1983-1985. 

The 1990s witnessed significant changes in housing policy starting with the NHP, 
which envisaged the government's role as a facilitator of housing activity, rather than 
one of provider; this position was reiterated and elaborated in the National Housing and 
Habitat Policy of 1998. As a result, government contributions to housing linance have 
fallen to less than nine percent, compared with twenty three percent, four decades ago 
(Asian Development Bank, 2000). This policy, which addresses the issues of 
sustainable development, infrastructure and strong public private partnership for shelter 
delivery, is truly a mirror image of the whole sector development concept of UN and 
World Bank and is also well rellected in the present housing schemes (Credit cum 
subsidy scheme for rural housing, Rural building centres, Total housing scheme etc.) of 
the country. In 1996, with the decentralization movement, local governments started 
getting involved in different development activities. The 'Total Housing Scheme 
(THS), was introduced during this period (I99g) with the concept of whole sector 
development with the local or self government as the implementing agencies. 

Proper housing delivery is essential for sustainable housing. The housing delivery 
process in Kerala will not be clear without addressing Ihis. Appendix 3.2 of this chapter 
explains the roles of different actors and stake holders involved. Succeeding sections 
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present an evaluation of the public housing schemes in Kerala based on the conceptual 

framework. 

3.3 Evaluation of public housing schemes: Kerala 

The housing situation in Kerala is rather different from other parts of India. Public 
housing schemes in this state were showing greater performance in terms of magnitude 
in investment and physical achievements and in considerably reducing the housing gap. 
About eighty percent of the housing support provided by the state during the last three 
decades has gone to economically weaker section housing. The average increase in the 
housing stock was sixteen percent during the period of 1991-2001 as against the 
population growth of nine percent (Government of Kerala, 2(04). Despite the positive 
trend in the housing conditions, a close analysis shows that the poor and lower segments 
in the society very often do not get the necessary assistance for the actual construction 
and completion of houses. Though the poor manage to get support, projects often fail 
due to many reasons. The recent census report of India (Government of India, 20(1) 
shows that among the total population in Kerala 14% has no access to drinking water 
and 16% has no toilet facilities. Visible slum-like areas occur in human settlements in 
rural parts of the state with many inhabitants still deprived of basic facilities like 
drinking water and sanitation. All these necessitate the evaluation of public housing in 
Kerala. 

It is difficult to carry out the evaluation of all schemes due to their enormous numhers, 
and it is also not necessary due to the similarities among the schemes. Hence a proper 
selection has to be done from the major schemes for making the evaluation more 
meaningful. 

3.3. J Scheme selection and peculiarities 

Three schemes are identified from each phase on the basis or their representative nature 
in policies with those of the international agencies, their uniqueness in implementing 
agencies and other peculiar characteristics. The schemes chosen are (i) One Lakh 
Housing Scheme, (ii) Indira Awaas Yojana and (iii) Total housing scheme. Table 33 
gives an idea or the selection criteria and peculiarities of the selected schemes. 
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Table 3.3 Scheme selection and peculiarities 

Distinctive pha~es Housing Implementing J}cculiarities of the schemes 
in Politics and Schemes agencies 
Approaches selected 

Provider Approa,h One Lakh State First scheme implemented by the state government. 
Housing S~hcme government It could create a revolutionary movement in the low 

Pha~c I OLHS income hou,ing .lCcnariu of Kerala with the 
(1972) invulvement of the entire ,tatc. 

Massive schcme 

Aided Self- helpl lndira Awaas Central Centrally Sponsored Scheme 
Mutual help Yojana lAY govcmm~nt Rcneficiaries are responsible for lhe entire building 
approach (1985) process. making a feeling of proud and involvement in 
Pha.~c 11 their house building. 

Facilitalor I Habitat Total Housing Local/Self !'irst scheme implemented by the local governments 
development Scheme THS government A series of training camps were organised to achieve 
conccpt (1999) 'Habitat Literacy' in the application of appropriate 

technulogies. which arc cost·effective. environmental 
friendly u,ing locally available and aflonlable 
materials responding 10 physical, social and climatic 

Phase III needs of the region. 
Insisting benclieiary participation and local people in 
the construction activities. 
Massive programme. 

3.3.1.1 One Lakh Housing Scheme (OLHS) 

This was the pioneering initiative of the state government in the public housing situation 
of Kerala. Any family with out a house site of their own belonging to economically 
weaker section was eligible to get a house under this scheme. Beneficiary selection was 
done under the direct supervision of concerned panchayats and controlled by the district 
collector. Each household was required to pay a nominal amount in eleven equal 
monthly instalments. 

Funding of the project - Funds were raised by collecting donations from the public, free 
labour from members of voluntary agencies, students and the beneficiaries themselves. 
Each earning member in the state was requested to donate at least onc day's income to 
the scheme fund. All students in the state had contributed to the housing fund. The main 
idea was to create a feeling on involvement in the minds of the people and to make them 
proud of having participated in this great movement of helping the poor and shelter less 
in the state. The main feature of the scheme was that no expenditure was incurred for 
overhead costs, such as appointment of additional staff, purchase of tools and plants etc. 
All services, both administrative and technical were made available through the 
voluntary efforts put up by officers and public. 
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Type design - There was only onc type design for the entire state. Each block has two 
houses in a back-to-back position with the longer wall as the common wall with two 
rooms and a kitchen with in a total plinth area of 23 sq.m. 

Technical specifications - The houses were built by locally developed materials utilizing 
cost reduction techniques. 

:1.3.1.2 Tndira Awaas Yojana (lAY) 

Indira Awaas Yojana was launched during 1985-86, aimed in providing houses free of 
cost to rural people below the poverty line belonging to scheduled casts and sehedukd 
tribes (SC/ST), freed bonded labourers and non-SC/ST people. It is a Centrally 
Sponsored Scheme (CSS) implemented by the state government. The fund distribution 
and work management were carried out by District Rural Development Agency 
(DRDA). Financial assistance was shared in the ratio 75:25 between the central and the 
state governments. 

Selection of beneficiaries - Grama panchayat did the selection of beneficiaries through 
grama sabhas restricting the number to the target fixed by DRDA, from the list of 
eligible households, according to lAY guidelines and as per priorities fixed. The 
minimum requirement for eligibility under this scheme was the ownership of land 
(minimum of eighty square metres). 

Type desiWl - No type design was prescribed for this scheme except that the plinth area 
of the houses was restricted to be around twenty square meters. The houses should be 
designed in accordance with the preferences of the beneficiaries keeping in view the 
climatic conditions and the community perceptions and cultural attitude. Construction 
of sanitary latrine and smokeless Chula forms an integral part of lAY houses. 

Involvement of the beneficiaries - Beneficiaries are responsible for the whole building 
process. 

Financial assistance - lAY is a fully subsidized scheme and under this the entire money 
was distributed to the heneficiaries in four equal instalments. The beneficiaries were 
able to receive the instalments only after the completion of each specified stage of 
construction. 

Technical specifications - Technical specifications for lAY houses proposes the use of 
local materials and low cost technology developed by various institutions. Technology 
using bricks, cement and steel on large scale is not recommended. As far as possible, 
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cement is substituted by lime and lime surkhi+ manufactured locally. Due to increase in 
price of bricks, it is considered desirahh: to substitute burnt bricks with sun dried hricks 
of earth-soil-cement. 

3.3.1.3 Total Housing Scheme (THS) 

Total Housing Scheme was an ambitious project undertaken during People's Planning 
Campaign for fulfilling the housing needs of lhe poor in the three major districts of the 
state namely, Thiruvananthapuram, Kollam, and Thrissur. It was planned to solve the 
housing problem by people's participation. Along with the three main organizations 
involved in cost- effective building construction in Kerala such as Habitat Technology 
Group, Cost ford and the Nirmithi Kendra; HUDCO and the government engineering 
department were identified for implementing the scheme. 

Identifying house less people and beneficiary Selection - Surveys were conducted in 
each Panchayats for locating the house!ess people and potential beneficiaries. People 
below poverty line were identified and beneficiaries were selected based on the 
selection criteria. Scores were assigned for beneficiaries based on the criteria and these 
score sheets were submitted in support of selection of beneficiaries. 

Technical ~pecijicafions - To utilize locally available materials and environmentally 
friendly technology. 

Building materials - A database of the housing situation, including the requirement of 
materials, was prepared for future use. It was planned to repair and maintain houses and 
rebuild only those houses that had become structurally unstahle. Anticipating the urgent 
demand and consequent increase in the prices of huilding materials, a price freeze in the 
rates was implemented for a period of three years during the implementation of Total 
Housing scheme. 

Training programmes - A series of training camps were organised for masons and 
engineers, mainly in the application of appropriate technology. About two hundred 
engineers were trained in each of the three districts using the harefoot engineer's 
concept of training. More than ten to fifteen thousand people were given hands-on 
training in the art of masonry and basic construction. The training given was mainly in 
the application of appropriate technologies, which are cost-effective, environmentally 
friendly using locally available and affordable materials responding to physical, social 
and climatic needs of the region. The training also gave some orientation in the 
management of the land, trces, water and infrastructure of the premises. Awareness 
programmes were also conducted among beneficiaries, politicians, administrators and 

~ Burnt clay or powdered bricks 
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government officials to achieve 'habitat literacy'. The main aim of this programme was 
to unmask the technology and hence to break the gap between architect, huilder and the 
common man to develop a friendly change in the building sector. 

Beneficiary participation - Beneficiaries had given the freedom to design their own 
house plans according to their needs. A core house concept was adopted and allowances 
made for future expansion. This core house was roughly worked out to be about 30 m2

, 

including a living room, a bedroom, a kitchen and a toilet. 

Financial assistance and funding for the project - Financial assistance to the beneficiary 

households was provided in the form of grant of Rs. 35,000 ("" € 7(0) to construct 

houses costing not less than Rs. 44,000 (=== f. 880). Local self-governments in the 
districts made an initial deposit of Rs. 10000 per house on the hasis of which HUDCO 
sanctioned a loan of Rs. 35000 per house. The grama panchayat (Rs. 7000), bloek 
panchayat (Rs. 15(0) and district panchayat (Rs. 1500) shared the deposit amount. 
HUDCO sanctioned the loan amount. for a fixed term of eleven years at an annual 
average interest rate of ten per cent. 

3.3.2 Sustainability analysisfor selected schemes 

The sustainability analysis has heen carried out in three stages using the criteria derived 
from the conceptual framework. First stage of analysis (Analysis 1) has been done to 
evaluate the perspectiw of the government regarding the schemes and the second as 
well as the third stages (Analysis Il and Ill) for assessing the real situation in the field. 

Analysis I (perspective of government) 

This has heen done in order to get a better overview of the selected schemes from the 
perspective of the government while on formulating the housing programmes. It has 
been discussed and analysed using the different criteria of the objective hierarchy model 
(CF,), on the basis of the information from the official reports, documents on the 
corresponding schemes and from other secondary sources. The question addressed 
through this analysis is: 

How far has the government programmes succeeded in incorporating sustainabifity 
concepts in the conceptualizatiotl stage of housing schemes? 

Analysis 11 and III (Perspective of beneficiaries or the real situation) 

These parts of the analysis have been done to analyse the real housing situation of the 
beneficiaries. Analysis II is based on the researcher's observations from the field, and 
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Analysis III based on the information from the household surveys. The latter will be 
discussed in detail in chapter 4. The observer's evalualion~ (Analysis I1) has been done 
in order to make a comparative evaluation between hoth perspectives using a common 
tool. Since each household do have their own perception of sustainability, it may not he 
possihle to bring them into a common scale. Instead, an observer's view point helps in 
comparing the concept and practice using the same scale of assessment along with 
assessing the reasons for mismatch. The question addressed in Analysis 11 is: 

What is the present housing situation of households and how far have the different 
government schemes heen successful in achieving sustainahle housing development? 

A methodology based on the conceptual framework discussed in chapter 2 is employed 
for the sustainability analysis of the housing schemes to evaluate the research questions. 
According to this framework sustainable affordable housing can be achieved by 
fulfilling four different objectives of sustainability, namely, socio-cultural, economic, 
technological and environmental. As explained by the framework each of these aspects 
has to satisfy different criteria (sce Fig. 2.10). 

Since it is not possible to quantify the various criteria at these stages, a check has been 
made to assess whether the selected housing schemes have considered the particular 
criteria in both these stages of analysis. A three level valuing scheme is adopted for this 
check varying hetween 0 and 20 as 0, 10 and 20.The values arc assigned as YES (Y) == 

20 (for considering that particular criteria) NO (N) = 0 (for ignoring the criteria) and if 
they have partially (P) considered that criteria a value of P = 10 is given. Hence there is 
a greater chance of suhjectivity in both the analysis. To overcome this. in the third stage 
of evaluation, a detailed analysis has been done hased on the household surveys and a 
more accurate level of valuing system (5 point level hetween 0 and 20, see Appendix 
4.2, chapter 4). This is also strengthened hy the evaluation hased on case studies. 

Two assumptions are also made in this analysis, such as-
1. All aspects of sustainahility carry ellua] weight. 
2. The various criteria taken to assess the sustainability aspects also carry equal 

weight. 

A scale of 0 to 100 has been assigned to measure the different aspects of sustainahility 
by conceiving the first assumption. Table 3.4 gives a detailed analysis from hoth the 
perspectives on each aspects of sustainability of the selected schemes hased on the 
assumptions made. 

§ The information collected during the household surveys and case studies are the basis 
for this analysis. 
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This analysis (Table :1.4 and Fig. :1.:1) gives a comparative report on the selected 
schemes based on each aspects of sustainability. Among the se\ecwd schemes, THS has 
the maximum value for all the factors of sustainahility in Analysis I and OLHS has the 
least value. It means that the selected schemes show a gradual improvement in the 
perspective of the government towards the prohlem with respect to the concepts of 
sustainability as it moves from OLHS to THS (1970 to 2000). 

Table 3.4 Sustainahility analyses from the perspectives of the government (A I) 
and the observer (All) 

Socio-cultural sustainability (SCS) 

OLHS JAY THS 

Criteria 
AI All AI All AI All 

Adaptability N N Y P Y P .. 
,".quality Y N Y Y Y Y 

Integration of Y Y P N P N 
amenities and Services 
Beneficiary participation P P Y Y Y Y 

Community involvement Y Y P N Y P 

Total score (100) 70 50 80 50 90 60 

Economic sustainability (ECS) 

Affordability p N P P Y P 
Sk i IIs/ Assets 

Repaying ability or ability to P 
N P N P N 

maintain the house 

Shelter needs y p y y y y 
Minimum requirements 

Preorcguisitcs y y P N 
Y 

N 
Land 

Acccssibility to resources Y Y P N Y 
N 

Total score (lOO) 80 50 60 30 90 30 
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Technological sustainahility (TeS) 

Feasibility 
Labour Y Y P P Y P 

Materials 
y y y p y p 

Functionality N N Y Y Y Y 

Strength y P Y P Y P 

Durability & Reliability Y P Y P Y P 

Total score (lOO) so 60 90 60 100 60 

Environmental sustainahility (ENVS) 

Energy conservation N N Y P Y N 

Water conservation N N N N P N 

Land conservation & proper Y Y P N Y N 
planning 
Healthy environment Y P Y P Y P 
Location/air quality/pollution 
Infrastructure p N Y P Y P 

Toilets y p P N P N 
Drinking water 

Drainage & waste management N N N N N N 

Total score (140) 70 40 gO 3D lOO :W 

Total score (lOO) 49 2!! 56 21 70 14 

The environmental sustainahility of the selected schemes shows comparatively lower 
values as compared to other objectives of sustainability in both the perspectives (Fig. 
3.3), even though they demonstrate a clear upward trend towards sustainability from 
One lakh to Total housing scheme as in socio-cultural and technological factors in the 
conceptualisation stage of the schemes. However, the economical sustainability of TAY 
was comparatively lower than OLHS and THS in the conceptualisation stage. This 
could be attributed to the provider approach of OLHS and enabling approach of THS. 
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Figure 3.3 Comparison of different aspect.I' of .~us/aj"abiljty from the perspective of 
Government (A I) alld oh.\'erl'er from the field (A 11) for dijferem hou<~i"g l'chemes (For 
figure legend. see table 3.3) 

However. toe rea! sit uation in the lield revea led through the observer's perspective (A 
11) is quile different rrom Analysis I, :;lnd only shows minor variations (Fig. 33) among 
the sc he mes. Also the val ues of sustai nabi lity ar!;! far less than Ihose from Analysis J. 
This veri lies the mismatch bet ween policy objectives and outcomes. It also shows the 
ine ffectiveness of policies in making conce pt into practice. 

3.4 Conclusion 

The d iscussion of the evol ution of present housing policy in Ind ia (and Kcmla) gives a 
better understanding of the public ini tiatives in solving the problem since independence. 
It is interesting to sce the same kind of policy shirts in the approaches of the 
government over the years as in the olher developi ng cou ntries. However. the 
prelimi nary phase oj" the evaluation on the public housing schemes in Kerala gives a 
rather d ifferent picture and points lo wards the ineffieiem.:y of implcmentation strategies 
with regard 10 susta inabili ty aspects. The result s o f this basic analysis can be grouped as 
follows. 
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• Irrespective of the different policies of the government, the representative schemes 
selected for evaluation from each phase of policy do not show much difference in 
the end results and all of them seem to have partially failed even from achieving 
their goal as set hy the government in respective periods. Mismatch between the 
perceptions (goals) of government and the real situation of the beneficiary 
households (results) is clear from the evaluation. This shows the ineffectiveness of 
different policies and necessitates the need for effective policies for proper 
implementation. 

• The negligence of different environmental factors is clear from both the 
perspectives and can be considered as onc of the main reasons for the development 
of slum-like human settlements in the rural areas of Kerala. 

• The economic sustainability of housing schemes from Analysis I shows a 
comparatively lower value for lAY than the other two schemes. This proves the 
failure of enabling strategies in this scheme, even in the conceptualization stage. 

Chapter 4 presents Analysis Ill, a detailed evaluation from the perspective or 
beneficiary households with the support of information collected from household 
surveys and case studies, to tind out the reasons for this mismatch and the factors 
affecting the failure of housing programmes. 
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Appendix 3.1 

People's Planning Campaign (PPC) 

Democratic decentralization is the process of devolving the functions and resources of 
the slate from the centre to the elected representatives at the lower levels so as to 
facilitate greater direct participation by citizens in governance (Isaac, 2000). People's 
Planning Campaign (PPC), a process of democratic decentralization launched in Kerala 
in August 1996 with the aim to achieve sustainable development through people's 
participation in the planning and implementation process, based on the belief that 
people know what is good for them. It addressed twelve sectors of development 
including housing and social welfare; identitied key issues, problems and solutions, and 
prioritized the needs. In order to ensure transparency and participation without 
compromising on the technical requirements of planning, a sequence of phases, each 
with distinctive objectives, central activities and training programmes was drawn up. 
People's planning campaign opened up possihilities of more direct participation of the 
masses in day-to-day governance. But unfortunately it was discontinued after 2001 
because of the change of government in Kerala. 
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Appendix 3.2 

Stakeholders in housing and Public Housing Delivery process in Kerala 

International agencies (IA) generally have a limited funding. advisory and monitoring 
role in shelter related development projects in India. The central government (CG. 
Government of India) only overviews the state level programmes. lays down policy 
perspectives and builds up data system for the entire country. The state government 
finds out the funding for housing programmes in the State through budgetary 
allocations. Plan funds from the central government. taking loans from international 
agencies or from Housing Finance Institutions (HFI). 

Public sector housing is hasically the responsibility of the state government. There are 
more than twenty agencies engaged in government sector for housing the poor in 
Kerala. Rural development department. Kerala State Co-operative Housing Federation, 
Kerala State Co-operative Agricultural and Rural Development Bank and Nationalised 
Banks are the major government departments in the housing sector other than Kerala 
State Housing Board. The housing programmes of the state are implemented either 
through these agencies or through the local government. The rural development 
department of each district is engaged in the implementation of the schemes sponsored 
by the central government (Centrally Sponsored Schemes- C.S.S) through the different 
block panchayats (local government- LG). Other than implementing the housing 
programmes of central and state governments, local governments may also endeavour 
housing programmes of their own with the assistance of international agencies or 
housing finance institutions. The local governments may either provide the financial 
assistance directly to the low-income households (LIH) or will be implementing the 
housing schemes through the Nirmithi Kendras (Building Centers) or through non
governmental organizations (NGOs) or Community Based Organizations (CBOs). or 
with the assistance of private building companies (BC). The majority of the housing 
programmes nowadays in Kerala are providing partial financial assistance to the poor 
with the intension of creating a facilitative environment to provide houses by their own. 
Low-income households with limitcd access to formal sourecs of market-based housing 
finance, approach local money lenders and other informal sectors for further housing 
assistance and construct their houses mostly with the help of local masons and 
carpenters. Most recently. rural building centres (RBC) were set up through out the 
country for promoting appropriate technologies and capacity building at the grassroots 
level for achieving affordable housing. 

The role of different stakl:holders involved in the process of public housing delivery in 
Kerala from international agencies to the low income beneficiaries are hrielly explained 
below. 
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International Assi,~tance (lA) - international agencies, except the World Bank. had rare 
influence in public policy or execution of large housing programmes in India (Revi, 
I (90), The external assistance in housing has come from Germany, Japan, Netherlands. 
United Kingdom, United States, International Finance Corporation, UNICEF, World 
Bank and the Asian Development Bank (ADB), Germany has extended several lines of 
credit to HUDCO and HDFC for low-income housing schemes and the establishment of 
rural building centers throughout the country. The United Kingdom has extended grant 
assistance for habitat improvement projects in six cities nationwide. Under its Housing 
Guarantee Program, the United States Agency for International Development (USAID) 
began lending to HDFC in 19S3 to help HDFC to expand its operations as the first 
private sector housing finance organization in India. Although ADB's involvement in 
India's housing sector has been relatively recent, it is now the major international lender 
in the sector and plays a leading role in supporting the government's policy and 
institutional reform agenda. ADB's first loan for housing to HDFC under the Karnataka 
Urban InfrastructUft: Development Project was targcted lending for low-income housing 
and slum improvement schemes. 

Central government (Government of India) - Ministry of Urban Development and 
Ministry of Agriculture and Rural Development have the responsibility for urban and 
rural shelter activities of the country. The role of the central government is restricted in 
facilitating the housing development activities hy providing financial assistance, 
promoting research acti vities, furnishing infrastructure facilities. creating favourable 
environment and monitoring. 

STaTe government (Government of Kerala) - The Housing or Urhan Development 
Ministry and Ministry of Rural Development at the state level arc the co-coordinating 
authorities in the area of both urban and rural shelter respectively. Each of the state 
governments has also created state-level housing boards (HB) for this purpose. Other 
than HB's there arc a number of state government departments to implement housing 
schemes for specific occupational groups and under privileged sections. State 
government is acting as a means of central government in implementing the 
development activities and establishing the positive atmosphere. They also will he 
providing financial assistance. promoting research activities, furnishing infrastructure 
facilities, creating favourable environment and finally implementing the schemes. 

Local government - Corporations, Municipalities and panchayats constitute the local 
government. They arc the ultimate implementing agency of many of the housing 
programmes of the central and state governments. They get the financial assistance 
either directly from the State government or from the central government through the 
district rural development department. 
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Rural development department - In each district there is a district rural development 
agency (DRDA) for looking after the development activities connected with the rural 
areas of that particular district. The housing schemes sponsored hy the central 
government implemented hy local government are directed through DRDA. 

Research and Development activities (R&D) - All institutions, universities and research
oriented agencies constitute this group. They are getting support from both CG, SG and 
also from international agencies for research and development activities. Most of the 
research works on housing is carried out either through government laboratories or 
through academic institutions. Council for Scientific and Industrial research (CSIR), 
Central Building Research Institute (CB RI), Structural Engineering Research Centre 
(SERC), Forest Research Institute (FRI) are few of the main government institutions 
working in this field. A number of academic institutions in the country also undertake 
research work in shelter related areas. 

Rural Building Centres (RBC) - The Ministry of Rural Developmcnt from 1st April 
1999 has launched a Scheme facilitating the setting up of a network of Rural Building 
Centres (RBC) through the length and breadth of the rural areas. These are centres for 
promoting appropriate technologies and capacity building at the grassroots level for 
achieving affordable housing. Technology transfer and intimnation dissemination, skill 
up-gradation through training and production of cost-effective and environmentally 
friendly material components are the primary objectivcs of the setti ng up of rural 
building centres. A rural building centre can be set up by the State governments, rural 
development agencies, credihle non-government organizations (NGO). private 
entrepreneurs, professional associations, autonomous institutions and corporate bodies, 
including public sector agencies provided that they have the minimum requirements as 
specified by the Central government (NHHP). 

Housing Finance Institutions (HFT) - All housing financing agencies such as the public 
sector, banks and the private sector constitute this group. M~jor housing financial 
institutions in Kerala include Life Insurance Corporation (LIC), Housing and Urban 
Development Corporation (HUDCO), National Housing Bank (NHB), Housing 
Development Finance Corporation (HDFC) and nationalised banks. They provide long
term housing loan to individuals and to housing agencies for refinancing to individuals. 
HUDCO is an influential financing agency with the main aim of funding state 
governments for infrastructure and development. LIC, Housing Finance, GICHFL 
(General Insurance Corporation Housing Finance Limited), PNBHFL (Punjab National 
Housing Bank Housing Finance Limited, SBIHF (State Bank of India Housing Finance) 
are also the major players in the public sector. Almost all banks throughout India 
provide housing finance. Among the private sector HDFC is the main finance institution 
in India providing home loans to individuals. 
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Local financing agencies (LFA) - The informal sector plays a significant and sustained 
role in the provision of the housing finance of low income households. Different 
sources such as individual moneylenders, community-based financial institutions (CFI), 
non governmental organizations (NGOs), small private banks and all local tinam:ing 
agencies, which are easily accessible to them, constitute this group. With the exception 
of government-sponsored housing programs, formal housing tinance institutions arc 
reluctant to lend to low-income households because of factors such as the relatively 
high transaction and service costs, irregular and unsubstantiated income sources, and the 
absence of collateral in the form of title to real property. Consequently, the remaining 
funding requirements derive from informal sources that largely consist of individual 
efforts with the help of CFls, NGOs, employer financing. and moneylenders. Informal 
sources contribute as much as 79 percent of the finance for new construction in urban 
areas and 88 percent in rural areas (ADB, 2000). 

Non-Governmental Organizations (NGOs) and community based organizations (CBDs) 
- The roles of NGOs and CBOs in hutnan settlement activities are well recognized by 
the National Housing and Habitat Policy (1998). They are actively involved in activities 
like community development, building material research and also in implementing 
government programmes. Most of the NGO's at the grass- roots level are merely 
assisting in the implementation of state policies and programmes, and thcre forI! enjoy 
financial andl or administrative support from various puhlic agencies. NGO directly 
involved in shelter production process may also provide certain critical inputs such as 
legal assistance, finance etc. to the community. 

Building Companies (BC) - The engineers, architects. private builders, real estate 
developers and all the other private agencies involved in construction actIVitIes 
including the formal sector builders constitute this group. The large contractors 
undertake business for rich individuals, cooperatives, private developers and puhlic 
agencies. Planning, design, organization of labour and materials etc. are all organized by 
these contractors. The small-scale contractors operate as individuals or firms undertake 
the whole building process besides providing supervision of construction work, and 
architcctural and engineering services. This is the largest provider of housing among the 
household sector, especially among the middle and higher income groups. 

Local builders (LB) - Local masons and carpenters including thl! informal sector 
constitute this group. Low- income households purely depend on the local masons and 
contractors for their housing needs. 

Low Income Households (L1H) - All the beneficiaries of the public housing schemes and 
the non- beneticiaries belonging to the economically weaker section (EWS) constitute 
this group of actors. They build their houses with their own labour, using the services of 
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4 PUBLIC HOUSING POLICY IN KERALA: EVALUATION 
OI<' HOUSEHOLD SURVEYS AND CASE STUDIES 

4.1 Introduction 

This chapter presents an evaluation of the housing situation in Kerala hased on 
household surveys and case studies from the selected housing schemes. A comparative 
analysis of the Kerala situation with examples from other parts of the world is also 
presented in this chapter. The details on household surveys and case studies from 
selected households are presented in section 4.2 to disclose the real situation of the 
beneficiary households. This helps in understanding the bottlenecks of poor households 
on approaching the prohlem. Section 4.3 deals with the evaluation of household data 
(Analysis Ill, section 3.3.2). The Statistical Package for Social Sciences (SPSS) is 
employed at this stage of analysis to get a comparison of the different aspects of 
sustainable-affordable housing in different housing schemes from the perspective of the 
beneficiaries, and to test their interrelations as concei ved by the conceptual framework. 
Section 4.4 presents a few examples of enabling strategies from the UN-hahitat's 
(United National Center for Human Settlements-UNCHS) Global Best Practice 
datahase to have a comparative approach and to see how they have tackled the problems 
of low income housing in similar contexts (UNCHS, 2(04). A discussion of the results 
of the evaluation of the public initiatives in the low income housing of Kerala with 
respect to different aspects of sustainability is presented in section 4.5. Based on these 
evaluations, strategies (section 4.6) are formulated for sustainable-affordahle housing 
developments in Kerala. Section 4.7 presents the conclusions. 

4.2 Household survey and case studies 

The household survey was conducted among the hem:ficiaries of One Lakh Housing 
Scheme (OLHS), Indira Awaas Yojana (lAY) and Total Housing Scheme (THS) from 
Kollam and Alappuzha districts, during the months of May and June 2005. The 
selection of beneficiaries has been done on a random basi~. Out of the total of fifty-six 
households interviewed, eighteen were from OLHS, twelve from lAY and twenty-six 
from THS. The surveys werc conducled using a structured questionnaire prepared on 
the basis of the conceptual framework. The original version of the questionnaire is 
presented in Appendix 4.1 of this chapter. There Wl:rc 143 rnai n questions and a few 
general questions (to help the interviewer to write his remarks). Other than the specific 
questions regarding their personnel details and details on the housing. most of the 
questions were with multiple answers. The respondent had the freedom for selecting the 
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answer from the group or writing down his own remarks. Tab\c 4.1 gives a structure of 
the questionnaire. A scheme of analysis (Appendix 4.2) has also bet:n prepared from 
this questionnaire for each aspect of sustainability based on the "objectives hierarchy 
model" (Fig. 2.9) or the conceptual framework and the questions are transformed into 
measurable criteria. 

Table 4.1 Structure of the household survey schedule and purpose 

Research questions addressed 
Q: What is the real situation of households and how far are the hou~ing schemes successful in achieving sustainable 
development? 
Q: Why does the housing problem of the EWS persist in Kerala despite "active and e!Teeth'e" (according to official rocordsl 
state intervention'! 

Structure of Questionnaire Purpose Criteria 
I General information. regarding the general The informmion collected from these Inequality and Stigmatil.atioll 

details of the household such as their agc. questions can be used [0 assess the socio· Household size 
marital status, job etc. cultural aspects of the household. Adaptability 

educational back- ground and profession. 

2 Economic status of the household - This To assess the tinancial status or Housing condition 
section deals with the questions concerning afford ability of the households and henc~ Self" dependency 
the economic status of the household to to determine the economic sustainability of Liability for housing 
assess their incom~. savings. liability and (he housing scheme. Savings and Assets 
pattern of expenditure. Skills 

3 Housing details - This section has got two Details of previous housing arc collected Shelter needs 
parts. The first part deals ,,·ith the details of to assess their social progress and Infrastructure 
their previous house. its location. type and improvement in life. Accessibility to affordable 
the basic facilities they had. The second part Details of building process helps in technological options. 
consists of qucstions concerning the details understanding the tcchnolo~' adopted. It Accessibility to resources 
of the present hous<.1I includes the lktails of also helps in assessing the feasibility and including easy finance. 
the building process, technology adopted, awareness on innovative options and other Beneficiary Participation. 
sources of funding. resources including tinance. Community/NGO'S 
Also there are questions concerning the involvement. 
various measures adopted for wnservation of To assess the quality of the surrounding Unhealthy surroundings. 
resources and neighbourhood environment and various conservation Basic infrastructure facilities 

measures adopted to protect the like drinking water and 
cn\·ironment. sanitation. 

Waste management. 

4 Needs, Aspirations ,Plans_ -This final To assess their preferences in technology, f'easibilit)' 
secrion of questions is mainly concerned with their attitude towards CEH' lechnulog)' 
the future plans of the household and to assess thdr needs and aspirations Availahility 

that has to be con,idered in formulating 
housing schemes. CEEF technology 

5 General remarks of the inteniewcr To assess the o,erall situation of the 
household and their lifcst~1e 
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A few outstanding cases are selected as case studies from the household surveys for 

further evaluation based on the criteria specified by the conceptual framework. The 

succeeding section presents them in detail. This helps in understanding the genuine 

problems of beneliciary households from their own perspectives. 

4.2.1 Case studies from One lakh housing scheme 

Households from Thrikkadavoor panchayat (Kollam district) and from a One lakh 

housing colony of Alappuzha district (North Punnapra panchayat-Ward 1II) were 

randomly selected for interviews. 

There were eighty-two OLHS beneficiary households, distributed among four colonies 
(Vettuvila, Neeravil, Melcmangadu and Pandaruvila) of Thrikkadavoor Panchayat. 

Eighteen selected houscholds were interviewed. The general housing conditions of these 
colonies were satisfactory with basic infrastructure facilities like provision of public 
water supply, electric connection, motor-able road, nearness to schools, hospital and 

worship places. But most of the houses were in deplorable conditions due to lack of 
proper maintenance, requiring urgent attention and repair. 

The households from the colony of Punnapra panchayat were selected with a special 
intention. They were lucky to get an additional financial assistance of Rs. 40,000 (nearly 

€ 800) for reconstructing their twin houses as independent dwellings. At the time of this 
household survey during early May 2005, all the houses in that colony were in a stage 

of reconstruction. Three of the households wcre interviewed. Even though these 
households were happy with the additional financial assistance for reconstruction, they 
were complaining about the following things. 

most of the beneficiaries were forced to demolish the extensions or renovations 
they have added to the original OLHS houses in the fear that, if they do not accept 
this assistance from the government, they may not able to receive further assistance 
for renovating their houses in the future; 

they were not given enough time to make a plan on arranging the resources and 
scheduling the works as they were given a short notice to take decisions, and ahove 
all; 

the financial assistance was not sufficient for both demolition and reconstruction. 

Among the interviewed households, few of the interesting cases are presented below as 
case studies from this scheme. 
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Case study I 

Criteria for selection.~ The insignificance of socio-cultural aspects in this housing 
programme is clear from this case study. This story tells us that stigmatization and 
inequality of houses is a major problem questioning the acceptability of a house even 
though it has enough facilities to cater the present needs. 

Identification number 12 - This family with a household size of four is from Vettuvila 
One Lakh housing colony. Even though the household is satisfied with the present 
facilities of the house, the head of household wants to sell the property and buy another 
house outside the colony because of the twin house design and stigmatization of OLHS 
houses. His father-in-law was the original beneficiary of the scheme and was living in 
this house since 1972 with his wife and three children. He was a beedi I worker for daily 
wages and was happy with his house. They were maintaining the house regularly with 
timely repairs and hence even after thirty-three years, the house is in better condition 
compared to neighbouring houses. The-present inhabitants include a young man, his 
wife, their two year old daughter and mother-in-law. 

Case study 2 

Criteria for selection: This case study is a good example for poor significance to socio
cultural aspects like lack of adaptability (household size, varying requirements), 
increasing self-dependency of the household (Economic sustainability) and shabby 
surroundings (Environmental sustainability) 

Identification number 14 - This is the case study of a family of household size seven 
from Neeravil One Lakh Housing colony. They are living in that house since 1972. 
Other than the old man, the head of household (original beneficiary), his wife and 
younger son; their elder son is also living in the same house with his family of two kids. 
Both of his sons are earning money through daily labour. One of them is a mason and 
the other a coconut plucker. Their house has a temporary extension for a kitchen with 
tar sheet roofing, thatched walls and bare flooring. In addition to this, they have another 
extension for cattle shed. They have a small shop for tiny things (sweets, cigarettes etc) 
in front of their house on the open veranda. Their housing condition is very pathetic 
with the shabby extensions and the poor surrounding environment, with the cracks in 
the walls, broken flooring and a leaking roof. Even though the family has a comfortable 
financial situation, without liabilities and with some savings in the bank; they are not at 
all bothered to spend money for improving their present housing. At the same time they 
are looking forward for further government support to improve their housing situation. 

I Beedi is an indigenous cigarette in which tobacco is rolled in a tender leaf and tied 
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Figure 4. J Basicfacilities of OLHS house of case study-2 

Case study 3 

Criteria fo r selection: This case study is an example of the improper assistance of 
Government without understanding the actual situation in the field and generalising the 
problem (poor economic sustainabiliry). 

Identification number 1 - Thi s is the story of a household from the OLHS colony of 
Punnapra panchayat. Alappuzha distric!. They were li vi ng in their one lakh house since 
1972. The head of the household had a regular employment at that time and was able to 
cater the timely maintenance and repair works for his house. After eightee n years, in 
1990, they renovated their house by adding one more room and providing additional 
space to kitchen and living room. He could meet these expenses by taking loans and 
using the savings. They spent nearly an amount of Rs. 30,000 (€ 600) for renovations at 
that time. But recently during February 2005 the panchayat authorities further provided 
them a grant (non refundable) of Rs. 40,000 (€ 800) under an up-gradation scheme for 
OLHS, for separating the twin houses as independent ones. The household was 
thoroughly confused in receiving this funding as they do not have enough land to 
reconstruct their house by detaching it from the old one without demolishing the 
renovations. But finally, they were forced to accept this assistance in the fear of 
receiving no more funds to separate their twin houses in the future. The household is 
now worried about the construction of their new house, since the present financial 
support from the government is not enough for both demolition and reconstruction. Also 
the head of household is afraid to take further loans in his old age, since he has no 
regular income and suffering from ill health. 

4.2.2 Case studies from lndira awaas yojana 

lAY is a centrally sponsored scheme implemented in a unique manner through out the 
whole stale. lAY households from Thrikkadavoor. Punnapra and Kanjikuzhy 
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panchayats were interviewed. These houses were indept:ndently constructed by each 
household according to their own requirements and hence all of them were totally 
differcnI to each other. The beneficiaries themselves d id the whole building process in 
this scheme. They made their own arrangement for the construction by engaging skilled 
workmen along with contribUling the family labour. Thus a se nse of pride could be 
noticed among the lAY households whereas this was lacking in the case of most of the 
OLHS beneficiaries. Few of the interesting case studies are presented below. 

Case study 4 

Criteria/or selection: 
Poor economic sustainabi/ity (lack. of feasibility 10 affordable housing finance and 
poor basic shelter needs) 
Insignificance to soda-cultural and lechnologic aspects (lack of proper guidance 
and awareness on cost-effective techllOlogical alternatives) 
Poor consideration on environmen1al issues (Environmental sustainability) 

Figure 4.2 lA Y houses/ram Murundal. Perinadu, Kollam 

lA Y houses, Murundal, Perinadu, Kollam - These six lAY houses are conS!ructed on a 
partially converted agricultural area in the Thrikkadavoor panchayat, near 10 
Thamarappall y Jayandi colony and at a distance of about 1.5 km from Anchalummodu 
junction. Two of them are occupied by the households. Among the rest, one of the 
houses is in the fini shing stage wi th partial roofi ng where as the o thcr three are 
completed up to linlellevel only. 

Identification Number 68 - This household had occupied their unfinished house in 
August 2004. The household size is four including an o ld couple and their young 
daughters. This household gOt a financia l assistance of Rs. 25,000 (€ 500) for 
purchasing the house plot under a scheme for the sc heduled castes from the Block 
nanchavat other than the housi ng assistance from lAY. Since the costs of normal house 
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plots were high, they bought cheap agricultural land and reclaimed it. But the present 
condition of their house plot is so bad that their house is floating in the middle of a 
marshy land. The situation of their neighbours is also not different. The household 
started with their building process in early 2002 but could not finish the house till now. 
Since they could not manage with the completion of their house in the corresponding 
financial year, they lost the privilege of getting the full financial assistance from lAY 
scheme and could only receive the first three instalments. But they occupied the house 
in 2004 after managing with the minimum essential facilities. Even now, they are not 
having the basic facilities like toilet, drinking water and need to depend their 
neighbours. 

Identification number 67 - This household including an old mother, her son, daughter
in-law and her young daughter is living in a temporary tent near to their unfinished lAY 
house for the last three years. They also got the financial assistance for purchasing 
house plot and have a similar story as their neighbour. But they could not manage to 
make their house to a liveable one and also find it difficult to repay the existing loans 
they took for constructing the house. The materials stored near their house site are also 
getting ruined without being used. 

Identification number 65 - This household was lucky in finishing their house within the 
stipulated time (one year) and hence could receive the full privilege of the Scheme. 
Along with their neighbours, they also received the assistance in 2002, but could 
manage to occupy their house in 2003 April. For developing the plot and constructing 
the house they were forced to take loans from private lending agencies at higher rates of 
interest. Now, even after two years they are not able to repay a single penny towards the 
capital because of the high interests. This household has only minor pending works for 
their house. But they are seriously thinking of selling their house in fear of their rising 
debts. 

Case study 5 

Criteria for selection: This case study shows that 
Self-help and mutual help alone could not solve the housing problem. 
Importance of general support and empowerment other than financial assistance. 
Technological un-sustainability of the scheme; technological innovations not 
reaching to the poor people. 
Economic un-sustainability of housing programmes; difficulties in getting 
affordable housing finance. 

lA Y household from Kanjikuzhy - This household including a mother and nine-year old 
daughter got their house sanctioned under the 2003 scheme, and could partially finish it 
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into a liveable one in a period of four months. She lost her husband unexpectedly 
during this period and could not do the finishing works. According to her, the household 
and their neighbours contributed most of the labour and never employed any labour 
from outside. They had also taken a loan (Rs. 10,000) with higher rates of interest from 
a private bank to meet the excess expenditure. Only conventional methods of 
construction were employed in the building process, and this poor lady was even 
unaware of the cost reduction techniques. 

4.2.3 Case studies from Total housing scheme 

The two earlier schemes discussed (lAY and OLHS) have a uniform implementation 
pattern and hence are unique throughout the state. But the Total Housing Scheme was 
implemented only in the three major districts of the state, namely Thiruvananthapuram, 
Kollam, and Thrissur. Household surveys were conducted among the THS households 
of Thrikkadavoor panchayat (Kollam). Some of the households were from Sivodayam 
colony, where the housing programmJ'! was implemented through Habitat technology 
group, an organisation involved in cost-effective construction techniques in the state. 
The rest of the households constructed their house by their own way. The most 
interesting finding of the household survey is that neither the households nor the 
implementing agencies were successful in meeting any of the basic objectives of the 
scheme. The households other than the inmates of Sivodayam colony constructed the 
houses as in any other scheme like Mythri or lAY. However, the households of 
Sivodayam colony had a totally different experience, in some respects similar to the 
provider approach of OLHS. The case studies explain the real situation. 

Case study 6 

Criteria for selection: 
Poor significance given to socio-cultural aspects in this housing programme. 
Lack of correlation between socio-cultural aspects and economic aspects in 
housing leading to the increased dependency of the households towards public 
support. 
Failures in implementing new technology. 
Lack of basic facilities. 

Sivodayam colony is located at a distance of about 300 m from the Kadavoor junction 
(Thevally-Anchalummodu road), behind the Government Ayurveda hospital. This is a 
colony of scheduled caste households belonging to the vedaro community of Hindu 
religion. They are living in the same place since 1960. At the time of this survey, there 



Public Housing Policy in Kerala: Evaluation of household surveys and case studies 77 

were twelve households. Initially there were only len households with each having a 
land ownership of five cents (eq ui valent to 200 ml ). They were provided with free 
houses in 1960 through Kudikidappukar housing scheme (centrally sponsored scheme). 
Later in 1976 they could electrify their houses with the support from the panchayal. The 
severe flooding in 1975-76 caused serious damages 10 their houses. They approached 
the authorities for repair and maintenance. But they could on ly get nominal assistance. 
Agai n after the flooding in 1986, Ihe government fu rther supported the colony members 
with a new housing assistance. The households were provided with partial financial 
assistance and food grai ns (Rs 6000 + 2 sacks of wheat) as support for reconstructing 
their houses. They were able to rebuild their houses with this assistance and also by 
utilizing the materials from the old house. Their second house was provided with the 
faci lities of two rooms, kitchen, toi let and a small open veranda. In 1999, the 
households of Sivodayam colony again approached the panchayat for the financial 
assistance for repairing their houses. But this time they were lucky enough 10 be blessed 
with their new house -Third house from the Government-u nder Total Housing Scheme! 

Figure 4.3 Basic infrastructure and surrounding environment; Sivodayam Colony 

The implementation of this housing sche me was cntrusted to the Habitat technology 
group, an appropriate tcchnology group in Kerala. Habitat's role was that of a faci litator 
between the local government and the benefic iaries. As part of the THS programme. 
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training was given to engineers and masons and they were also involved in the 
construction of these houses. But according to the heneficiary households they did not 
receive any effective training in skilled jobs. Also they were not at all involved in 
material selection or other construction activities other than unskilled jobs. 

The same type of designs was employed for all the houses. Initially the house plan was 
proposed with a living room, bedroom, kitchen and a toilet. Since they had their old 
toilet from their previous houses, the households opposed the construction of the new 
one and preferred to use that space in the new house to increase the area of kitchen. The 
construction of eleven houses was started simultaneously in early 2000 after 
demolishing the existing houses. The twelfth house was kept as such for keeping 
construction equipments and materials. All the households were moved to temporary 
sheds in the premises. Cost effective and environmentally friendly (CEEF) technology 
(rat trap bond for super structure and filler slab for roollng) was employed for the 
construction of houses. Engineers and trained masons were involved in this. One of the 
houses collapsed in the beginning during construction and training. But they continued 
with the rest. Unfortunately, the Habitat group left the project half way after finishing 
the roollng of three houses. 

The colony members approached the panchayat for completion of houses. And after 
repeated requests, protests and picketing of authorities, the panehayat authorities were 
forced to entrust the balance works to another contractor. He managed to finish the 
rooting of rest of the houses. Altogether the building process continued for long four 
years and at the end beneficiaries decided to occupy their unfinished houses. Now their 
houses can be said to he in li veable conditions even though they do not have any front 
and back doors and essential needs. Also these houses do not have electric connection 
which, the beneficiaries had in their old houses. These new houses are also without 
sanitation and drainage facilities, the basic amenities which they had earlier. 

Case study 7 

Criteria for selection: This case study is a Rood example for the 
Mismatch in the perceptions {~f government and beneficiary household 
Poor sign!ficance given to socio- cultural factors in housing; prohlems due to lack 
of proper guidance and improper utilisution of resources. 
Technological un-sustainahilifY {~f housing scheme; CEEF technology not reaching 
to the needy. 
Ecollomic un-sustainability of housing programmes; difjiculties in the feasihility of 
affordable housing finance. 
Poor infrastructure facilities. 
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Identification Numh~r 30 - The head of this household is an old lady. She is hving 
together with the families of her two sons and daughter. The household size is ten 
including four children. Even though there are three earning members in that family, 
their tinancial situation is not that better. She took a housing loan for Rs. 70,000 
(£1400) in the year 2002 from Kerala state housing board (KSHB) for the construction 
of her house, but could not pay any of the instalments other than the first. Considering 
their poor financial situation, KSHB had exempted them from the penalty. Even with 
these conc~ssions, they find it very difficult to repay the money. She has already 
invested an amount of Rs. 225,000 (€ 4500) for the construction of her hous~ by 
spending all their savings. Even after all this investment, the housing situation is also 
not that good. They are living in that house for the last three years. But till now the 
house is not completely finished. It is only the structure of a three bed room house 
having an area not less than seventy square metres. They ar~ not even having the facility 
of a bath room. Also they do not hav~ any drinking water facility and depend on the 
puhlic water tap at a distance of about 200 m from their house. Location of the house is 
also not that satisfactory as they need to walk a distance not less than one kilometre for 
getting the public transport facility. 

4.2.4 Conclusions from the field research 

Table 4.2 summarizes the outcomes of the field research. 
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Table 4.2 

SustamabliIly 
aspects 

SOCIO - cultural 
factors 

EconomIc factors 

Fcchnologlcal 
factors 

~nvlronmental 
factors 

Interviewer's 
remarks 

Chapter 4 

Field research observations and relation to different aspects of 
sustainability 

Une Lakh Housmg Scheme (OLUS) Indll~ Awaas !otal Housl~~ RcI'crcnrcs lor 
YO.jana (lAn Schcme(TH. remarks 

Twm houses _(t'lexibility); All mhabllants Poor Case swdy-I 
were dissatislied in Ihe twin house :-<0 eommunily integration of 
arrangement of houses due to privacfi involvement amenities and Case study-2 
problems and other reasons. The common wa I services 
In the middle separating two houses is not Poor inte~ration of Case study-4 
extended up to the ceiling. So the privacy of amenities' and services ~o community 
the households was very much affected by the involvement 
noises from the ne~hbouring house as well as Casc study-7 
smoke and smell uring cooking, They even 
need thc consent from'their neighbours for 
renovaling the houses. 
Less space tv accommodate the hvusehold 
(Adaptability)_ There was no enough space 
for the household members to sleep. children 
10 sludy and 10 make prayer. 
Increasinl( self dcpendencv 

Poor concern un Ihc basic shelter needs 
Fmancml assIstance FmanClal ~ase study-,1 
not sufficient: All of assistance not Case study-4 
the household were sufficient Case study-7 
?trongl y argui ng for 

InaeeessibililY mereaslOg Ihe 
as>lStunce. 10 resources 
Improper ulilisalion of including easy 
resources finance 

"oor quallly at matenats. especially wood FeaslbllItv o~ Lack Of proper Case Sludy-. 
used for doors. windows and roofing technological guidance 

innovations Case study-4 
Even though lAY has Inaccessibilit~· 
~uide lines to utilise 10 aHordable Case srudy-6 
ocallyavailahle lechnologieal 
matcnals and optIOns Case studv-~ 
lechnology. the Case slud;·-7 
beneticiarv household 
are not having any 
know how or gelling 
any assistance for 
usmg this. 

Poor samtatlvn and dramage !actitltes Poor samtatlOn and Poor Case study-2 
drainage faeililies sanitation and Case srudy-4 
Improper land drainage Case study-7 
management factlttltS 

Poor Housmg condItIons: Most at the houses t'inanclol assl~tance: Smce thc "nanCla!, aSSistance from Ihll 
were overcrowded with marc than onc scheme was not sufficient for complcting the houses. the 
potenlial tamily. These houses were not ahle to beneficiaries were comru:"ed 10 take some eXlental loans from 
satisf\' their minimum shelter needs like private banks or indlvi uals even though Ihey need to pay high 
sleeping space. cooking space and even a mteresls in return. Some of Ihe interviewed families were In 
comfortable moving area and were in heavy debt tra~s due 10 this. 
unliveable conditions. Cracks developing in The sanitary atrine and smokeless Chula is the integral ~arts 
the common central wall are a major problem of lA Y. But due to the lack of sufficknl funding. most 0 the 
that could bc noliecd in almosl alllhe houses. interviewed households "ere not able 10 construct Ihese. 
Also Ihe huilding malerials used for the Technical assistance and general awareness: Inaccessibility to 
houses. especially the wood used fOT Ihe doors. innovative technological oplions was major problem among the 
windows and roof trusses were in severe households. The local masons can easily mfluence the poor 
delerinraling sta"es. beneticiaries. Since Ihe bcndiciarks arc not ha>ing any proper 
Sanitation ant Drainage: All Ihe colonies idea regarding rhe area of Ihe house. the malerials required and 
were having vcry bad ,anitation facililies with also the total cost; Ihere arc chances of misguidance and failure 
unhygienic I:urincs and toilets, \0 facility was of programme. 
provided tor the drainage and waste Mmimum land ownership criteria of lA Y is a barrier to the 
management ~oor landless households 

oor sanitation and toilets - Beneficiarics are only tying 
seeondaPr' importance 10 these facilities and looking for urther 
support rom the government. 
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4.3 Analysis III (From the perspective of households) 

This section presents an evaluation of the different aspects of sustainable-affordable 
housing in the selected housing schemes from the perspective of the households. The 
information collected from the household surveys is evaluated with the help of the 
Statistical Package for Social Sciences (SPSS). SPSS is a software package used for 
conducting statistical analysis, manipulating data, and generating tables amI graphs that 
summarize data. SPSS-Version XII is used in this analysis. 

This analysis helps in comparing the sustainahility aspects of selected housing schemes, 
their interrelations (Fig. 2.3), and in identifying those factors which contribute to the 
development of sustainable-affordable housing. The scheme of analysis presented in 
Appendix 1I has heen employed for comparing the sustainahility of selected housing 
programmes, hased on different criteria as specified hy the conceplual framework. This 
analysis has been calTied out to achieve the following objectives. 

I. To compare di trerent aspects of sustainability between the schemes. 
2. To assess the correlation between different sustainability aspects. 
3. To compare the tOlal sustainahility among the selected schemes. 

4.3.1 Comparison ofd(fferent aspects of sustaiflahility between the schemes 

The T-test used in this analysis helps 10 compare differt:nt aspects of sustainability on 
the corresponding housing schemes. The T-value for each aspect is calculated as the 
ratio of the difference between the corresponding means of two selected schemes to the 
square root of the sum of the variance of the two groups. When the T-value is larger 
than the critical value, the result is considered to be significant. A level of 5% 
significance is adopted for this analysis to ensure a chance of 95% on the reliability of 
the results. 

The T-test can compare only Iwo housing scht:mes at a time. Since we have three 
schemes, the comparison has been done through three stages. Tables 4.3, 4.4 and 4.5 
present the significance of different aspects of sustainahility hetween OLHS and lAY, 
OLHS and THS, lAY and THS, respectively. 

Bt:tween OLHS and lAY, a significant variation (Fig. 4.4 and Fig. 4.2) can be seen only 
in the aspects of economic sustainability (2.439> 1.70 I, significance 0.021<0.05) and 
environmental sustainability (2.350>1.753, signiticance 0.()34<0.05). The accessihilily 
of the households to their basic shelter needs very much depends on the economic 
sustainability of that particular housing scheme. The case studies of lA Y households 
(case study No.4) point towards the economic un-sustainability of this scheme. Even 
after availing the so-called facilitalive environment from the Government and owing an 
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additional financial burden, the households were not able to satisfy their basic shelter 
needs. However, in the case of OLHS the beneficiary households were able to meet 
these basic needs as the houses were provided by the government for free of cost. The 
provider approach of OLHS helped in ensuring the minimum basic infrastructure 
facilities to the households. These can be counted as the reasons for the signi flcant 
variations in economic as well as environmental sustainability for both these schemes. 
However the other two aspects of sustainability, namely socio-cultural sustainahility 
and technological sustainabitity (Fig. 4.4 and Fig. 4.6), do not show much variation 
between these two schemes. 

Table 4.4 Significance of different aspects of sustainability between OLHS and 
THS 

Sustainabilityaspects T value Critical Significance of 'T' value between 
value ofT the schemes (50/0 level is indicated 

by a value less than 0.05) 
Socio-culIural sustainability 
(SCS) Ui3 I 1.684 0.110 
Economic ~ustainabiJity (ECS) 

0.052 1.684 0.959 
Technological sustainahility 
(TCS) 0.368 1.684 0715 
Environmental sustainahility 
(ENYS) 3.485 1.684 (WOI 
Total Sustainahility 

0650 1.684 0.519 

Table 4.4 shows the results of the T -test for comparing the different sustainahility 
aspects between OLHS and THS. Only the values for environmental sustainahility 
(3.485> 1.684, significance 0.034<0.(5) showed a significant variation between these 
two schemes. 

Table 4.5 Significance of different aspects of sustainability between IA Y and 
THS 

Sustainabilityaspects T value Critical Significance of 'T' value between the 
value ofT schemes (5% level is indicated by a 

value less than 0.05) 
Socio-cultural ,ustainability 
lSCS) 1.461 1.697 0.15:\ 
Economic sustainahility 
(EeS) 2,168 1.697 0.037 
Technological sust:linability 
(TCS) 0.335 1.697 0.740 
Environmental sustainahility 
(ENYS) 0.179 1.697 0.859 
Towl Sustainability 

0,707 1.697 0.484 
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Comparison of sustainability as)l\!cls nctwcen lAY and THS show significant variation 
only in the case of economic suslainabili ty (Table 4.5). The case study (No. 6) of 
households from Sivodayam colony (THS) is somewhat simi lar to thl.: case of OLHS 
households with regard to Ihe aspect of cc()nomic sustainability. 1lle variation llf 

different aspects of sustainability between the schemes is also clear from Fig. 4.1 \0 Fig. 

4.4. 
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Fig!lre 4,2 ECOllomic .wstaillabilily 
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Fi~ure 4.4 Envir()J]menfal slIsrai/!ahililY 

A sign ificll nt vari ation ca n be M:en only in the case of environmental sustainabili ty and 
economic sust3inahi lity (Fig. 4.4 and Fig. 4.2) OC(wCen the selected schemes. However. 
the other (WO aspects of suslainability. socio-cuhural suslai nability and tech nological 
sustai nahility do nOl show much vi.l rialion between the schemes (Fig. 4. 1 and Fig. 4.3), 

4.3.2 Corrt:iariol1 between diJfaem u.~pecls vf Jlutaina/Jilil), wi,IIi/l tile .\'chernes 

According to the concepts of su.~ tai nahlc-a ff{)rdablc housing (Fig. 2.3. Chapter 2). all 
the four aspects of sustainabil ity should be correlated (0 each other. The strength of the 
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correlation between the aspects is considered as an important factor on the sustainahility 

of housing schemes. 

A correlation analysis has been performed to quantify the strength of aSSOCiatIOn 
between the different aspccts of sustainability. The Pearson's correlation (r) is used to 
find the degree of linear relationship between two variables. It can have a value 
anywhere between -1 and I. The value for r = 0.00 (no correlation) implies that there is 
no relationship hetween the two variabks and ±I.OO indicates strong correlation. The 
larger the ahsolute value of r, the association (positive or negative) between the 
variables is considered as stronger. Generally, correlation above 0.80 is considered high. 
Different colours arc used here to indicate the strength of correlation between variables. 
The interrelation between different aspects of sustainability within each scheme can be 
assessed from this analysis. 

Table 4.6 

Aspect~ 

of 
sustainability 

scs 

F.CS 

TCS 

ENVS 

Total sustainability 

Significance or correlation between different aspects of sustainability 
within OLHS 

QOOl 

0.000 

0.000 

0.000 

'r' refers to Pearson's correlation and's' refers to significance . 

• Strong correlation, r value above (Um, 

o Poor correlation, r value less than 0.60 

• Good correlation, r value between 0.6 
and 0.80, 

It can be seen that the total sustainahility of the Onc Lakh housing scheme has rather 
higher significance to economic and environmental aspects than the other two aspects. 
This can be attrihuted to the provider approach of this scheme in ensuring the minimum 
housing needs (through free houses) and basic infrastructure facilities. However thc 
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socio-cultural sustainability has the lowest correlation to the total sustainahility 
(significance-O.OO) and r-0.652) of this scheme. This indicates the low acceptability of 
this housing programme (with regard to socio-cultural aspects) among the users. The 
case studies (No. I and 2) of households from Vettuvila and Neeravil housing colony arc 
examples to explain this. The stigmatization of OLHS houses in the first case and 
factors like increased dependency to governmcnt support and less adaptahility of the 
type design in the second case has contributed in the lowest significance of socio
cultural sustainahility in the total sustainability of this schemc. 

Relalion between the sustainability a.lpects within OLHS 

The poor correlation of socio-cultural sustainability with economic sustainability 
(signiticance-OJJ26. r-0.524) and environmental sustainability (signilicancc-O.046, 
r-0.476) gives an indication of the poor living conditions of the households and lack 
of basic infrastructure facilities (a criterion for environmental sustainability). 
Different case studies of OLHS support these findings. 
Economic sustainability of One Lakh housing scheme has significant correlation to 
technologic sustainability (significance-0.044, r-0.646) and environmental 
sustainability (significance- 0.003, r-0.658). The insignificant correlation between 
technologic sustainability and socio-cultural sustainahility (signiticance-0.43), r-
0.197) indicates the poor involvement of households in the building process and the 
signitieant correlation between technologic and economic suslainability indicates 
the role of the affordability of the household in maintaining the sustainability of 
building process. 

Indira Awaas Yojana (lAY) 

Table 4.7 gives the significance of correlation between different aspects of sustainability 
within lAY. The socio-cultural sustainability of this scheme has only very little 
significance in the total sustainability indicating the poor acceptance of this scheme. 
Similar to OLHS, economic sustainahility is the most influential aspect in this scheme. 
In lAY also there is no correlation between technologic sustainability and socio-cultural 
sustainability. 

Relation hetween the sustaillability a.\pects within lA Y 

Socio-cultural sustainability is only related to environmental sustainability. The 
significant correlation of sodo-eultural sustainability with environmental 
sustainability (significance-O.OIO and r-0.708) indicates fulfilment of the basic 
infrastructure facilities. Also the poor correlation of environmental sustainability 
and economic sustainability (significance - 0.042 and r - 0.592) indicates the role of 
the economic capacity of the households in providing the basic infrastructure. At 
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the same time th;;:re is no r.:orrclation betwee n socio-eultural sustainability and 
economic sustainabi lity (signitican(.;e-O. 142 and r-0.661). This shows the poor 
arfordability of the housi ng schemes especi al ly in providing the basic shelter needs. 
Economic sustainability of this scheme has corre lat ions to all the othe r aspects of 
sustainability except SOCill-culrural sustainabiJi ty. The caSt: study (No. 4) of 
households from Murundal is an exampk to th is and indicates the fa ilure or 
cnabli ng strategies in this scheme. This also shows the dominant rok of the 
affordabil ity of households in providing basic housi ng facilities over thc policy 
initiatives. Th;;: insigni fi canl correlation hctwee n the socio-cullural factors and 
technolugy (signifi(.;ancc-O.457 and r-O.2~8) rcv;;:als the les~ r feas ibi lity and 
awareness of the households on inn(lVative tedmological optinns. Hence the 
correlation between economic susrai nability and lechnologic sustainability 
(signilicance-O.OOI and r-0.845) indicates the dcpcndence of technologi(.;al 
sustainabil ity on the purchasing [Xlwer of the households. 

Table 4.7 

""<p«t< 

" S",lain.llilily 

sc~ 

ECS 

TCS 

ENVS 

sllstain~hi !ity 

Signi lkance of correlation between differen t aspects of sustai nahili ty 
within lA Y 

Total Housing .fcheme (THS) 

In THS, all the sustainabil ity aspects excepl tcchnological sustainability have significant 
influence on the total suslainability. Thdr strength varies in the order of ECS >ENVS 
>SCS>TCS. Unlike the other sche mes, ~ocio -cultura l sustai nabi lity has a heucr 
significance (r -0.728) in the total sustainahility of THS. This can be explained by the 
comparativel y hetter acccplance of Towl HOUSing So.:hcme compared to Ihe olher 
sche mes. Case study (No. 7) ofTHS household reveal s Ihe difiiculties of Ihe household 
in accessi ng fi nance, feasib le tech nological options and prohlems due ((l the lack of 
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proper guidance. These factors lead to the lack of correlation between different aspects 
of sustainability and also 10 the un-sustainability of this scheme. 

Relation between the sustainahility aspects within THS 

The poor correlation of socio-cultural sustainability with environmental 
suslainability (significance-O.094, r-0.448) and economic sustainability 
(significance-O.125 and r-0.414) indicates the lack of the basic infrastructure 
facilities poor affordability of this housing scheme. The insignificant correlation of 
environmental sustainability with economic sustainability (significance-O.075, r-
0.473) also shows the importance of the affordability of the households in 
providing the hasic shelter needs. Case study (No. 7) of THS household is an 
example for the economic un-sustainabiJity of this scheme and explains the 
insignificance of socio-cultural sustainability with economic sustainability. 
The insignificance of correlation between technological sustainability with socio
cultural sustainabiIity (significance-_O.275, r-O.30 I) reveals the lesser feasibility and 
awareness of the households on innovative technological options and proves the 
lesser affordability of technological options. The insigniticant correlation of 
technological sustainability with environmental sustainability indicates limited 
utilization of environmentally friendly technology in the building process of THS. 

Table 4.8 

A,pect. 
01 
sustainahilit)" 

scs 

Ees 

TCS 

ENVS 

Tolal 
suslainabillly 

Significance of correlation between different aspects of sustainahility 
within THS 

0.414 0.125 0.247 0.374 0.473 

0.301 0.275 0.247 0.374 0.243 

O.44R 0.094 0.473 0.075 0.243 0.3R3 

0.000 0.501 

4.3.3 Correlation between different aspects ofsustainahility between the schemes 

Table 4.9 shows the significance of correlations between different sustainability aspects 
between the selected schemes. 
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Table 4.9 

A<(>tots ., 
Sll<tainllhility 

scs 

'CS 

Tt:S 

ENVS 

Total 
.ust.in.bilit y 

Signilicam:c of correlati on between clifkrent aspects of sustllinabilj ty 
hetween the schemes 

' I' " t·' ,lit · H l 'li' Tot"" 

U . .'1O 0.032 U:20 1 0. 1~ 1 0.505 0."" 

0 320 0.D3~ 0 .... % 0.000 (U:'i~ 0."" 

0.2111 0.IS7 0 .... % 0."" 0.3% 0 .1100 

0.000 

Among the different 3.Sp~cts. socio-cultural sustainability has the lowest and economic 
sustainability has the strongest significa nce in the total sustai nabi li ty of these schemes. 
The intluen<.:e of different aspects of sustainability nn total sustainahility varies in the 
order of ECS > TCS > ENVS > SCS. 

Relation between the '\'u~'/(Jillahilily aspects hetween lhe .w'hemes 

The insigni lieance in correlati on of sodo-cultural sustai nabil ity with environmental 
suslai nability (significancl!-O.O()O and r-0.5(5) gives an indication of the 
insuffi cient hasic infrastructure faci lities. 
Socio-<.:ultural suslainability has correlations 10 all the o ther aSP'=cts (If 
suslainabi lity (though not strong) eKcept tcchnologica l sustai nahil ity. Case study of 
lAY households (No. 4) and THS hOUM!holds could ~ suggested as cKamples to 
explain this, However. all oth..: r aspect!'; are sign ificantly correlated to one another. 
Th..: insignificance of this correlation between the socio-cult ural facton; and 
technology (significance-O. 187 <lnu r-O,20 1) reveals Ih l:! lesser feasibility and 
unawareness of the households on innovative technological options. At the same 
time. Ihere is a signiticant correlation bet ween economic sustu inabi lity and 
techno]ogic sustai nabi lity (significance-O.OOO and r-0.596). This indicat..:s the 
innuence of the economic capacity of the households over the policy initiatives in 
accessi ng differenltl..-chnological options. 
The highest signilicance of economic sustainahililY and least significance of !';ocio
cultural sustainability in the total ~ustainabi lilY of these schemes also verify the 
excessive dependence of housing schemes on the affordahi lily of the household. 
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4.3.4 Comparison of rota I stl.l'winuhi/it.r amofZR the .I'd'emes. 

The total sustainability of d ifferent sc hemes is calculated as the sum of th t: four aspects 
o f su~tainability and .tht ir mean values arc taken for comparison. A comparison of the 
results of A I, A II (refe r section 3.3.2) and A III can he seCn in fig . 4 .5. The total 
smtainability valucs of the schemes from the viewpoint~ of goyernments (AI, 
represented by white columns in the fi gure) show a d ear upward trend towards the 
concept o f sustainable-affordable housing. 
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Figure 4.5 Comparison of IOral m Sluinahi/ity jn One Lakh HOl/sing Scheme (OLHS). 
Indira AWU.5 Yojal1u (lAY) and Total Housing Scheme (TlIS) from rhe per.~pecrive of 

government (AI), perspet:til'e of an ob.~enler (AJI) and from the per.~pectives of Ihe 
hm.ueholdl' (AlII) 

However, the evaluation hast!d on the observer's perspective (A ll. represented by hlac k 
col umns in the fi gure) and the beneficiaries' viewpoint (All!, represented by grey 
columns in the figure), present nearly invariant results, and very different as compared 
to the perspective of the government, with much lower values of sustainahility and also 
with only small Yariation~ between the thr!;!e sc heme~. 

4.3.5 COItc/usi()nsfrom the statistical unalysis 

The evaluation of public housing schcm!;!s in Kerala points IOwards the fai lure of 
implementation strategies, because of the Im.:k of integration of the four main as]'l\:cts o f 
sustainable-affordable housing, namely socio-cultural , econo mic, technOlogical , and 
envi ro nml!nt fac tors, The SPSS analysis of the selected schemes leads to the fo llowing 
conc lusions: 
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The socio-culLural sustainability of housing programmes always showed an 
insignificant role in the total sustainability. This indicates the poor acceptance of 
these housing programmes among the users. 
The economic factors of housing schemes in all the cases had a vital role in the 
total sustainability of the schemes than compared to other aspects. This shows the 
importance of both the affordability of the household as well as the housing 
schemcs in sustainable housing development. 
The evaluation of different housing programmes reveals the excessive dependence 
of the sustainability of housing programmes on the economic status of the 
households (to afford and maintain the houses) over the policy initiatives of the 
government. This confirms the failure of enabling strategies and shows the poor 
correlation between socio-eulLural factors and economic factors in housing. 
The low correlation betwecn socio-cultural sustainability and technological 
sustainability in the selected housing schemes verifies the un-sustainability of the 
present building process in Kerala. It points towards the ignorance of the 
households on the building process, the proper utilization of n:sources, and their 
difficulties in accessing innovative technology. 
The comparatively lower significant role of technological factors in the total 
sustainability of schemes reveals the failure of innovative technological options in 
making housing affordable. 
The technological sustainability in all the cases had a strong correlation with 
economic sustainability. This indicates the importance of the al'fordahility of 
technological options. 

4.4 Examples of housing programmes from other countries 

This section presents three examples of enabling strategies taken from the Global Best 
Practise data base of the United Nations Center for Human Settlements. This 
comparati ve perspective of housing strategies is helpful in evaluating the case studies 
and in formulating effective implementation strategies. However, affordable housing 
solutions should he based on region-specific approaches and requirements, these 
strategies cannot be replicated as such. 

4.4. J The People's Housing Process (PHP). South Africa (Department of Housing, 
South Africa. 2003, 2004, 2005 ) 

The People's Housing Process (PHP) in South Africa has been initiated to assist people 
Who are poor and homeless or inade4uately housed. The rationale for the policy is based 
on a growing awareness that the majority of homes within South Africa, as well as in 
other developing countries, were built by the people themselves. On this basis, the 
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government concluded that the actIvitIes of people in housing themselves deserve 
formal recognition and concrete support from the state. The objective of the project is 
to develop support mechanisms for building capacity at all levels to enable people to 
address their own housing needs. The policy aims to support the poorest of the poor 
families who usually only have access to housing subsidies and who wish to enhance 
their subsidies by building or organizing the building of their homes themselves. 
Usually these families cannot access credit or accumulate significant savings to enhance 
their subsidies. The People's Housing Process supports the creation of Support 
Organizations to secure subsidies, to provide land to build, to provide technical, 
financial, logistical and administrative support to the benetieiaries (envisaged through 
Housing Support Centres). The People's Housing Partnership Trust (PHPT) is 
established by the South African government to support the People's Housing Process 
through capacity huilding and engaging with national, provincial and local 
governments, and civil society. Since its inception, PHPT has been able to train people 
in construction skills, housing design and safety; to train community facilitators; and to 
establish pr~ject implementation syste~T1S and housing support centres. At national 
government level a joint United Nations Development Programme (UNDP) and United 
Nations Centre for Human Settlements (UNCHS) project assists the People's Housing 
Partnership Trust which is to drive the support programme to the Support 
Organizations. 

Examples from People's Housing Process 

Cape Town PHP (UNCHS. 2004) 

The Development Action Group's (DAG's) People's Housing Process consisted of 
Ihree housing consolidalion projects formed by the communities living in these arcas. 
The projects: Masithembane, Homeless and Squatlers Housing Project (HOSHOP) and 
Sinako Ukuzenzele were initiated in 1997 and implemented in 1999-2002. DAG 
provided technical advice and support to community organizations and training to 
community members. Partnerships between the People's Housing Partnership Trust 
(PHPT), the Western Cape Provincial Housing Development Board, and the Tygerberg 
Administration within the City of Cape Town together with the community-based 
organizations were the key to successful implementation of the projects. A total of 61H 
houses were built and occupants took part in training and capacity building workshops. 
Owr seventy people were employed as builders in the projects and another twelve 
people were employed in the three housing support centers. Material suppliers in the 
low cost housing market have subsequently employed community members who 
worked in the support centers. Approximately twenty people (Housing support centre 
staff and committee members) received ten days training on the management of housing 
projects followed by ten days of practical construction training. In addition, ten builders 
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in the HOSHOP project and thirty builders in the Masithemhane proje<.:t received 10-

depth on-site construction skills training over a period of a few months. 

According to UNCHS report, this program fully meets the basic criteria of impact, 
partnership and sustainability as well as the additional considerations of leadership and 
community empowerment, gender equality and social inclusion, and innovation within 

local context and transferability. 

Thahong PHP (Stewart et al .. 1999) 

The New Housing Company was responsible for the implementation of the project. 
They came into agreement with other stakeholders such as (i) the Provincial Housing 
Board (PHB) for the funding, (ii) a firm of quantity surveyors, for verifying the delivery 
of materials and administning the accounts, (iii) a material supplier for on-site delivery 
of materials, (iv) a community representative committee (steering <.:ommittee) for the 
interaction with the beneficiaries. (v) the Basic Employment Skills Training (BEST) 
project for the rendering of technical advice and (vi) each hcneficiary as the private 
client for the completion of application forms and the placing of orders. A steering 
commitlee was also established and had community representation from political 
parties. community organizations. churches. husinesses. women and youth 
organizations. and the health and education fraternity. Regular meetings were held with 
the steering committee to report on the progress made. This was also the forum where 
minor practical, political and administrative problems were discussed and usually 
resolved. 

According to Stewart et al. (1999), the diversity of design and assumed quality of life as 
opposed to the monotony and uninviting lifestyle projected by mass housing projects, 
stand out as a key feature of Thabong people's housing process. Table 4.10 gives a 
quick review of the different strategies adopted in the People's Housing Process of 
South Africa for sustainable housing development. 
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Tahle4.10 

Suslllinability Aspects 

Sodo-cultural Factors 
Adaptability 

Equality 

Bencliclary panicipation 

Community participation 

Integrmion of amenities 

Economic factors 

Pre-rcquisitcs 

AfTordability 

Shclter nl'Cds 

Tecbnological liactors 

Environmental ~'aclOr.i 

Chapter 4 

Sustainahility Analysis: People's Housing Process (PHP), South 
Africa 

Strategies 

Beneficiaric~ were given freedom of choice t()r their houses from J list of housing packages to suit 
their requirements (c.g,: Thahong PHP) 

The diversilY of design as opposed to the common feature of mass housing projects was a positive 
factor in Thabong PHP 

People built houses for lhcmscive,\ 

The People's Housing Partnership Trust (PHPT) established hy the South African government 
supported the People's Housing Process through capacilY building and engaging with national. 
pro"incial and local gOI'emments, and civil society. 

No specitic information on this criteria 

Housing support organizations jlre meant to ensure: 
securing housing subsidics for the families 
f'acilitating the acquisition of land on the basis of secure tenure; and 
Providing technical, financial. logistical and administrative ,upp0r! regarding the 

building of their homes. 

This policy aims in supporting the poorest of the poor families who usually only have a,cm to 
housing ,ubsidics and who wish to enhance their subsidies by building or organizing the building of 
their homes by themselvcs, 
The People's Housing Partnership Trust (PHPT) supported the People', Housing Process through 
capacity building hv training pcople in constructioll skills, housin~ design and safet\' ete. 
No speci fic information on this criteria 

Technical suppor! was emured and innovative technology was made feasible with the help of support 
organizations 

No specific information on this criteria 

4.4.2 The Grameen Bank (GB) low-cost housing programme, Bangladesh (Ahmed, 
1998) 

The Grameen Bank concept was originated in 1976 on recogmzlng that it is poor 
people's lack of access to capital rather than their capacity to repay that perpetuates their 
poverty, This project started with the provision of credit facilities to the rural poor 
without formal collateral, with the intension of creating a stahle income through income 
generating activities and protecting them from the exploitation of money lenders. The 
basic concept is to form groups of five members and loans disbursed through peer 
guarantee. The formation of the groups - the key unit in this credit programme - is the 



Puhlic Housing Polic}' ill Kerala: Evaluation of household surveys and case studies 95 

first necessary step to receive credit. Loans arc initially made to two individuals in the 
group, who are then under pressure from the rest of the members to repay in good time. 
If the borrowers default, the other members of the group may forfeit their chance of a 
loan. The loan repayment is in weekly installments spread over a year and simple 
interest of 20% is charged once at the year cnd. The collateral system of peer support 
means that families help each other out with payments if necessary to ensure that all 
repayments arc made on time. This project was quite effective in terms of loan recovery, 
proved successful and was institutionalized as the Gramccn Bank in 1983. 

The Bank extended its support to house-building in 1984, by acknowledging that the 
diminishing supply of building materials, their spiraling prices. and the beneficiaries' 
inability in raising the substantially high capital for housing as the main stumbling 
blocks of the poor in housing themselves. The house loans are available only to existing 
Grameen Bank borrowers who have a hundred per cent repayment record and who have 
completely repaid their first two loans for income generation activities. The loans have 
to be repaid over a period of tiVl: years in weekly instalhnents with an interest rate of 
eight percent. Together with the housing loans. each borrower receives also some pre
cast building components. The structural system is based on a standard module, and the 
pre-cast building materials arc mass produced off-site and made available to the self
helpers at low prices. 

The Grameen Bank has developed two standard house designs. However, the houses 
vary in appearance throughout the country even though they have the same basic 
structural components. There are four reinforced concrete pillars on brick foundations at 
the corners of the house and six intermediary bamboo or concrete posts, with bamboo 
lie beams. wooden rafters and purlins supporting corrugated iron rooling sheets. This 
provides stability in the 1100d and strong monsoon wind. and protection from the heavy 
rain during the rnonsoon season. In cases of severe Ilooding the house can be 
dismantled and the components stored and reassembled later. A sanitary latrine is also 
proposed with each house. Families can build the houses themselves, with the help of 
friends and neighbours. Local skilled carpenters carry oul the roof construction for 
many families. Loans are also available to purchase homestead land for landless 
households. 

Table 4.11 presents an overview of the strategies adopted in Grameen Bank Housing 
Programme with respect to different aspects of sustainable-affordable housing. 
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Tahle 4.11 Sustainahilily Analysis: Grameen Bank Low-Cost Housing Programme, 
Bangladesh 

Sustainability Aspects Strategies 

Socio-cultural Factors The Grameen Bank ha, developed two standard houle designs. But the houses varied in 
Adaptability appearance throughout the country even though they have the same basic structural 
Equality components 

Beneticiary participation Families built houses themselves with thc help of friends and neighbours. 

Community participation Community participation was ensured through group lending approach and mutual help 

Integration of amenities No spccilic information on this criteria 

Economic factors Loans were made available to purchase homestead land for landless household,. 
Provided credit facilities 10 the rural poor without formal collateral with the intension of 

"rc-requisites creating a stable incomc through income generating activities and protecting them from the 
exploitation of money lenders. 

The housing loans were available only to existing Grameen Bank borrowers who have a 
AffordabililY 100 pcr ecnt repayrllent record and ha ve complete! y repaid their lirst t wo loans for income 

generation acti vities. 

Shelter needs No specific information on this criteria 

Technological Pre·cast building materials were mass produced off site and made available 10 the self-
Factors helpers at low prices. 

Environmental No specilic infonnation on this criteria 
Factors 

4.4.3 Million Houses Programme (MIIP). Sri Lanka (Lankatilleke, /986) 

In 1985 the Government of Sri Lanka launched the Million Houses Programme. the 
objecti ve of which was to provide basic shelter for the entire population hy 1989. 
Through this programme. the Government changed their role to an enabler in housing 
development and encouraged low income households in both urban and rural areas to 
build their houses and settlements by providing assistance to resolve land tenure 
prohlems, to ohtain housing loans at low interest rates and to provide basic 
environmental services such as water, sanitation, access to roads, electricity and 
community centres. A variety of loan packages were made available depending on the 
needs of the household and their ability to make repayments. 

The National Housing Development Authority (NHDA) was responsible for the 
implementation of both urhan and rural suh-programmes. The approach was evidently 
characterized hy community participation through enabling strategies. The Community 
Action Plan and Management approach (CAP) secs people as the main resource for 
development rather than as an ohject of the development efforts or as mere recipients of 
benefits. The role of the Government through the National Housing Development 
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Authority and the Urban Local Authorities is to support this process whenever 
necessary. A Community Development Council (CDC) had to be established in the 
beginning with the involvement of urban and rural low-income setllements. These 
councils are considered to have a central role in the community action planning 
approach. They were supposed to act as intermediaries between the population of low
income settlements and the external agencies, articulating the needs and the problems 
felt by residents to the external organizations, taking decisions, formulating plans, 
executing projects and monitoring the implementation of a multitude of undertakings. 
Technical and financial assistance were given by the UNICEF under its Urban Basic 
Services Program (UBSP) through the CMC and the NHDA. United State Agency for 
Intentional Development (USAID) supported the NHDA for housing loan program. 

Table 4.12 Sustainability Analysis: Million Houses Programme, Sri Lanka 

SustainabiIity Aspel1s StrJtegies 

Socio·cultural Factors No specific information Oil this criteria 
Adaptability 

Equality No specilk inf()rmation nn this criteria 

Beneliciary participation People built thCIr own houses. 

Community participatioll A Community Development Council (CDC) was est~blished with the inlolvcmcnr of urban 
and rural low-income seulement,. These councils were supposed to act as intermediaries 
hetwccn {he population of low-income ,eulemellts and the external agencies. articulating the 
needs and [he problems felt by residents to the external organizations. taking decisions. 
formulating plans, executing projects and monitoring the implementation of a multitude of 
undertakings. 

Integration of amenities Social infrastructure was identified through issue specific workshops and provided solutions 

Economic factors A variety of loan packages were made available depending ()n the needs of the household 
Pre-requisites and their ability to make repayments 

Affordability No specilic inform~tion on this criteria 

Shelter needs No spccitic information on this criteria 

Technological.'actors Technical assistance was provided in the building process 

Environmental lhsic infrastructure facilities were ellsured. 
Factors 

The CAP method consists of a structured series of workshops organized for community 
members who have expressed interests in improving their shanty settlement. At such 
workshops, community members interact as partners with the staff of the National 
Housing Development Authority, the local authority and the non-governmental 
organizations, They discuss the problems of the community, identify solutions and 
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formulate plans of action. The community takes responsihility for implementing these 
action plans in collaboration with the NHDA and other organizations, and for 
maintaining and managing the built environment after the completion of the project. 
Normally, an initial two-day workshop is held at a community centre within the 
settlement, for (about 30) representatives of the community, to identi fy their socio
economic and physical issues and plan strategies to tackle. These were followed by a 
variety of one or half-day issue-specific workshops, depending upon the needs of the 
community and the stage of implementation. Examples of issue-specific workshops arc 
planning principles and technical guidelines, community building guidelines and rules 
orientation to housing information services. According to Lankatilleke (1986), official 
from National Housing Development Authority, the experience of two years of 
implementation of the MHP, clearly demonstrated that it is a generative process; 
generative in the form of strategy development. planning techniques, operation, 
consciousness raising and most importantly in learning. The self-realization of the 
potentials inherent in the actors leads to a great degree of satisfaction and also to self
confidence. According to UNCHS (1996), Sri Lanka's Million Houses Programme 
represents onc of the best urban examples of action planning to date. Table 4.12 gives 
the list of strategies adopted in this scheme. 

The Million Houses Programme of Sri Lanka with the CAP method resembles the 
People's planning campaign of Kerala and could act as an effective tool in ensuring the 
basic infrastructure facilities, accessing resources or prerequisites for sustainable 
housing through community participation. People's housing process (South Africa) and 
Grameen Bank housing scheme (Bangladesh) are good examples in enahling strategies. 

4.5 Discussions and Evaluation 

The evaluation of the public housing schemes in Kerala reveals a totally different side 
of the housing situation of the state than projected by the official documents. It proves 
that the real situation cannot be evaluated based on numerical data alone. Instead, it also 
requires the viewpoint of heneliciaries. The succeeding text gives a discussion of these 
outcomes based on the different aspects of sustainable-affordable housing. 

4.5.1 So cia-cultural sustainability (SCS) 

The case studies of different households conclude the following shortcomings as the 
primary failure of housing programmes in terms of socio-cultural sustainability in 
housing. ' 

Lack:of flexibility or little adaptability of OLHS houses to the future requirements 
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Increased dependency of households on Government support. 
Poor involvement of OLHS beneficiaries in the building process. 
Poor involvement of the community in the building process of lAY and THS. 
Poor integration of amenities and services for lAY and THS. 

Incremental transformations and extensions can improve the original housing facilities 
and make it adaptable to the changing needs of households. However, the case studies 
of OLHS reveal that only very few of the households were able to make their homes 
adaptable through transformations and extensions. Others found the houses unsuitable 
to their present needs mainly because of the peculiar design of the twin houses. The 
willingness of people to invest their energy, initiative and their savings or other material 
resources depends on the satisfaction they experience or expect as a result (Turner, 
1976; Tipple, 1996). According to the lattl:r the quality and the transformations on the 
houses in the course of time reflect the attitude of the inhabitants towards their houses. 
Also the maintenance of existing housing areas and their continued improvement over 
time through local initiatives can enhance long-term social relationships, which arc 
essential for socio-cultural sustainability of housing development. 

The ownership of houses under one lakh housing scheme was conferred to the 
households purely as a gift from the government. Beneficiary involvement was meagre 
or rather nil in the housing process and has had to accustom to the facilities given. It 
seems that this provider approach could only diminish their self-reliance and they 
became more dependent on public support. Along with this, the type design of OLHS 
houses was turned out as a sign of their identity stigmatizing the inhabitants as 
belonging to lower income category. The mass housing feature or this scheme also 
contributed to the segregation of a specific group or people into a particular locality or 
colony. The majority of the interviewed households were oppressed by this and had a 
feeling of being inferior to others in society. The case study of the household (case 
study No.!) from Vettuvila OLHS is a typical example of this stigmatisation. With the 
same reason of stigmatization of OLHS. some of the lA Y/THS households seemed to 
be more satisfied with their houses than their OLHS neighbours, even though they had a 
poor housing condition as compared to their neighbours. On the hasis of this. the 
abysmal housing conditions in OLHS houses can he understood as the result of poor 
beneficiary involvement and the stigmatization of houses. The case study of Sivodayam 
Colony (THS) is also an example to poor beneticiary involvement and stigmatization. 
On the other hand the quality of houses from the case studies of other households from 
THS and lAY show the importance of beneficiary involvement in the building proce . 

Community involvement was a major supporting factor in the ease of 0 
The significance of OLHS even now is mainly because of this. Accor 
(1999), community development is a key to unlock higher levels of mutu 
well as more effectively and equitahly accessing state and economic res 

~~y.'j~aNI 
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lower income population, communal action, whether in the political, social or economic 
realm, permits a scale of activity impossihle as individuals. This is rather true in the 
case of OLHS houses. But the houses constructed under THS and lAY could not gain 
any henefits from coinmunity involvement and were implemented only with the 
beneficiary involvement under partial government support. Although the underlying 
concept of THS was one similar to that of People's Housing Project, South Africa, the 
case studies from THS reveal that there was hardly any community participation in the 
houses constructed under this scheme, other than the Sivodayam colony case study. But 
even in this case, the technical agency employed for facilitating the building process 
became like a contractor and the houses degraded to the status of conventional 
contractor-built type designs. Community resources can bridge the gap hut only if the 
community is committed to, and feels responsibility for, the programme. The 
community must therefore be fully involved in decision-making on programme 
direction and priorities and should be assigned responsihility for tasks where there is a 
clear connection between input effort and output benefit (UNCHS, 1988). 

The provision of physical infrastructure must be scen as a prerequisite for the 
sustainahility of human settlements and for achieving of basic human needs. This was a 
positive factor of OLHS since their colony was provided with motorable road, facilities 
like schools, worship places, hospitals and markets in the near by area. However in lAY 
and THS, houses were constructed by the households individually in their own plots and 
hence the situation was different for each of the households. Planned development is 
needed for the development of a locality as a good residential neighbourhood and this is 
an advantage of mass housing schemes. 

4.5.2 Economic susTainability or Affordability (ECS) 

Affordahility or economic sustainability of the housing schemes in Kerala was always a 
deep concern among the households as well as the authorities. The case studies also 
support this because of the following issues. 

Poor housing conditions 
Problems connected with land ownership 
Incomplete houses 
Additional financial burden 
Insufficient housing facilities and 
Lack of access to hasic resources for housing 

Poor housing condition often exposes the poverty of the household and reflects their 
economic status. The accessibility of the households to their basic shelter needs depends 
on the economic sustainability of that particular housing scheme. The case studies of 

'- - '-'- --:-.... ~.,,~~,..~ th .. ;n"rrl'~~ihilitv in achieving these basic means. 
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The story of lA Y households (Case study No. 4) tells us their diftil:ultics in accessing 
the basic resources for housing. One of the households (Identification Number 68) from 
this case study fully relied upon a contractor as they did not have any idea of the 
building process. However their neighbour's family (Identification Number 67) utilized 
daily labourers in skilled activities and contributed the household labour in unskilled 
jobs. Unfortunately, hoth the households were not able to tinish the house in the 
stipulated time frame of the project due to the scarcity of materials, necessary finance 
and skilled masons. Thus they could not avail the full support from the sl:heme and 
ended up with an incomplete house and a financial burden. Also, in the third case, 
though the household could manage with the procurement of materials at higher price 
and arranging skilled workers to complete the huilding process in the time frame of the 
project, they now seriously fal:e a finandal crisis. The case study of THS (case study 
No. 7) also reveals the ignoranl:e of the household in the building process, cost 
reduction techni4ues and above all in the proper utilization of resources. In spite of 
owing a big liability for housing and draining out all their assets and savings, they could 
not meet their basic shelter needs. Although the household built their house also 
considering their future requirements, it failed to serve even their primary housing 
needs. The al:cessibility to basic resources including affordabk technological options 
and proper guidance are thus inevitable for economic sustainability and the above case 
studies reveal the disability of the poor in al:cessing this. 

The aft'ordability by a household is also based on the relationship between monthly 
household inwme and repayment of housing loans (Dewit et aI., 1989). The Grameen 
Bank housing loan programme needs special mention in this context. The basil: 
intention of Grameen bank programme was to create a stable income through inl:omc 
generating activities by the initial loans. Once this has been achieved, a long term loan 
for housing is provided. Also the peculiarity of this programme is its greater Ilexihility 
in accessing a variety of loans for housing according to the needs of the households. 
Although there are a few shortcomings in Gramecn Bank housing programmes such as 
lack of trained technical supervision, difficulties in the transportation and installing of 
building components, usage of energy-intensive imported materials (l:orrugated iron 
sheets, cement) and lack of satisfactory guidelines for settlement design and planning, 
this housing programme shows that enabling people to build beller housing for 
themselves through institutional intervention has potential for promising results 
(Ahmed, 1998). This is also evident from Thahong case study. This project was initially 
met with objections from beneficiaries sinl:e it was difficult to convince people that 
through quality building material and technical advice, they would be able to build 
houses that would satisfy more of their needs than with contractor built houses of 
typical specifications. But later it turned out to he a great SUl:cess with the invol vement 
of beneficiaries and community participation (Stewart ct aI., 1999). Enabling the poor 
to build and maintain their houses can be indeed helpful rather than providing the 
houses free. The case study of Sivodayam colony households also confirms this. It 
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shows that all the help from the government was only helping them in increasing their 
dependence rather than improving their self-reliance. This was also confirmed by case 
study (No. 2) of the household from the Neeravil OLHS. Even after long years of 
occupancy in that house, they still do not feel the house as their own and looking 
forward for further government support for minor repairs. 

A study conducted by Shiferaw (1998) on the self-initiated transformations of puhlic
provided dwellings in Addis Ababa, Ethiopia shows that the quality of the extensions to 
the original core houses were found depending very much on the security of tenure, 
their command over resources and feasibility to technological options. According to 
him the extensions to government-provided dwellings can turn to a valuable resource 
for improving the housing conditions of the low-income group only if these 
spontaneous and individual actions are technically, logistically and legally supported by 
the formal sector. The negligence of household from Neeravil OLHS colony (No. I) to 
their pathetic housing condition could be either due to their increased dependence of the 
public support for further improvement. of their house and their less accessihility to 
affordable building processes. It can also be due to the security of tenure since most of 
the households from the OLHS were not provided with the ownership documents. 

The case study of OLHS households (Case study 3) from Punnapra panchayat tells us 
the irrationality in the Governmental support. In this case study, financial assistance was 
provided to the OLHS households for detaching their housc from their neighbour's, 
without considering the present situation of any of the houses. Hence the poor 
household was forced to demolish his original house along with the moditications made 
in the due course of time. The Thabong case study can be cited as an example in this 
context to show the significance of beneficiary involvement in decision making 
especially in a project which deals with the modification or renovation of the existing 
houses. In such situations, the project has to address individual needs rather than 
perceived mass needs. In the Thabong project the beneficiaries were given freedom of 
choice for their houses from a list of housing packages to select the appropriate option 
to suit their requirements. A similar kind of approach considering the needs of 
households and specific situations of present houses would be helpful in improving the 
OLHS houses rather generalising the solution. Otherwise public assistance may be a 
burden to the household than being a support as in the case of this particular case study. 
Home ownership in developing countries has a tremendous social value - arguably more 
than in advanced countries, hut largely fails to perform its economic functions. Housing 
delivery can be harnessed as a vehicle for job creation through strategically designed 
settlements and construction programmes. Identifying and promoting housing activities 
as a development programme rather than a welfare activity can indeed lead to economic: 
sustainability. 
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4.5.3 Technological sustain ability (TCS) 

The household surveys and case studies endorse the concern over the following factors 
on the technological sustainability of housing programmes in Kerala. 

Scarcity of affordable materials and availability of skilled labour 
Feasibility and affordahilily of technological options 
Lack of technical guidance or supervision in the building process 
Poor know-how on the building process 
Poor know-how on the cost effective alternatives 
Excessive use of energy-intensive materials 

The houses under OLHS were constructed by utilizing local materials. local labour and 
adopting cost reduction techniques in a\l stages of construction. The provider approach 
in this housing scheme and the uniformity in implementation throughout the state 
helped in ensuring proper technology and maintaining standards. Owing to this, the 
situation of m~jority of OLHS houses even after thirty years is passable, despite the fact 
that most of the households did not pay any attention in proper maintenance and repair 
for their houses. But the main problem that could he noticed in most of the houses under 
this scheme is the development of cracks in the long central wall which separates the 
two adjacent houses, which could be attributed to the peculiar design of twin houses. In 
addition to this, the design and tcchnology adopted for these houses also showed vcry 
little flexibility for further modifications. The case study of the household from 
Punnapra panchayat (Case study No. 3) can be cited as an example. This household was 
very concerned to improve their housing facilities and could also modify their house. 
But they could not retain these modifications and were compelled to demolish the entire 
building when there was a demand for detaching their house from their neighbour's 
house. 

The case studies of lA Y and THS reveal that none of the houses under these schemes 
were successful in utilizing cost-efTective technological options in their building process 
as anticipated by the government and were only adopting the conventional technological 
solutions. Even though lAY has specific guidelines for empowering and involving the 
beneficiaries in skilled jobs, utilization of local materials and self building, discouraging 
the involvement of contractors and excessive utilization of energy intensive matcrials 
like bricks, cement and steel in the building process, none of the beneficiaries were even 
aWare of these requirements of the scheme. And also they had an inferior atlitude 
towards local materials. The case study of lAY beneticiaries (case study No. 4) ean be 
quoted as an example to disclose the difficulties of the beneticiaries in accessing 
technological options, affordable materials and gelling proper guidance on the huilding 
process. All three households in this case study were extremely poor and were solely 
depending on government support. In spite of their financial disability, they were forced 
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to entrust a contractor (Identification Number 68) primarily due to their incapability in 
the building process. Their only involvement was that of a mediator between the 
panchayat and the building contractor in transferring the money. The household fully 
relied upon the contractor as they did not have any idea about the technology used, 
materials and even the ex.penses incurred for the construction. Two other households 
under this case study were also ignorant on the cost n:duction techni4ues, utilization of 
local materials and were blindly depending on the advice of local masons. These case 
studies show the difficulties of the beneficiaries in accessing suitable technology and 
affordable alternatives. Although, the Grameen Bank housing loan programme could 
help the poor households to certain extent in solving these types of problems, lack of 
trained technical supervision together with transportation and installing of pre fabricated 
building components was a major draw back. These examples point towards the need 
for timely guidance or supervision, technical training and familiarity of building process 
as the key factors of sustainable tcchnology. The Thabong case study from South Africa 
can be cited as a best example in such a situation to show the importance of technical 
supervision and training. On-site advice ,and training was given for the beneticiary 
households during the building process. This was necessary as the houses were all at 
different stages of completion and had different house plans. It also became necessary to 
advice people on the materials and quantities required especially to those having plans 
of their own. This advice was given at a centrally located site-oftice from where all 
activities were co-ordinated. The households (women in particular) set the trend by 
re4uesting training and soon also started assisting neighbours, friends and people 
incapable of building. According to Stewart et al. (1999) some of the beneficiaries who 
acquired building skills through training could make it as an income generating 
opportunity after the completion of this project. This case study also explains the 
signitic.:ance of heneficiary involvement in building process especially in the selection of 
technology and materials. 

Even though Total Housing Scheme was implemented with a similar concept of 
employment generation through housing and whole sector development, case studies 
and field surveys reveal the failure of policies. A series of training camps were said to 
be organised for masons, engineers and government officials to achieve 'Habitat 
Literacy'. The training was given mainly in the application of appropriate technologies, 
which are cost-effective, environmental friendly. using locally available and affordable 
materials responding to physical, social and climatic needs of the region. According to 

the concept of the Government, the main aim of this programme was to unmask the 
technology and to break the gap between architect, huilder and the common man to 

develop a friendly change in the building scctor. It was intended to enable the common 
man to build and maintain his house by his own efforts. But the real picture sketched 
out through the household surveys is really alarming. Whatever told, read and heard was 
a different story than the actual situation. The case study of Sivodayam colony is a 
hpttf'r p~~mnle One of the maior appronriate technologv groupS were involved in the 
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construction. Thcy signed an agreement with government officials for the 
implementation of the housing programme. As part of habitat literacy and 
empowerment of thc common man, training camps were also said to be conducted for 
the houst:holds of this colony. But their present housing situation is not that satisfactory. 
According to thc beneficiaries, they could not receive any skilled training in technology 
or production of building materials. Also they are still not aware of any of the cost 
effective tcchnological options and not convinced on its strength and durability. 

The case studies and household surveys also reveal the inefficiency of cost effective and 
environmentally friendly technology innovations in reaching the pOOf. It could not gain 
that popularity and acceptance especially among the poor households due to lack of 
proper awareness. The study of Gopikultan (2004) on technology options in housing for 
the economically weaker sections in Kerala supports this. He argues that CEEF 
technology actually meant for helping the weaker section seems to have failed to reach 
the expected beneficiaries. Irrespective of the housing schemes. the majority of the 
interviewed households have not cven heard of the CEEF tcehnology. Those few who 
responded positively to this question were also not interested in using it or convinced of 
the strength. The main reasons they told to support their arguments were the 
unavailability of skilled labour and lack of confidence on strength and durability. Hencc 
they are forced to depend on the available modern or conventional technological 
alternati yes even though those were not affordable to them. Since the public housing 
schemes in Kerala were formulated with a presumption of using cost effecti ve 
technology, the choice of conventional energy intensive building process is basically 
against this concept and contribute up to the failure of housing schemes. The difficulties 
in feasibility, acceptability, non-awareness and as well as the lack of confidence in the 
new technological options aggravate the housing problem along with other aspects of 
sustainability. These factors urge the necessity of a detailcd evaluation of the prevailing 
building process in Kerala. The succeeding chapter deals with this analysis and present 
suitable guidelines for the selection of sustainable building process under the context of 
Kerala. 

4.5.4 Environmental sustainability (ENVS) 

Environmental sustainability of housing schemes in Kerala raises greater concern on the 
sustainability of housing development activities in Kerala since it is not getting the 
desired attention both in the conceptualization stage and as we1l as in the perception of 
beneficiaries in real situations. The following objectives which need immediate 
attention arc: 

Insufticient basic services 
Excessive conversion of agricultural land for housing 
Poor concern over the utilization of non renewable resources 
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UtiliLation of energy intensive building materials 

Environmental Sustainability is an equally important aspect of sustainable housing as 
the other three and it deals with the needs of future generations along with satisfying the 
present needs. The former part is the most ignored sector. It deals with the conservation 
and protection of resources, both renewable as well as non-renewable. None of the 
housing schemes was seriously concerned with this objective, and the actual situation in 
the beneficiary households was not so different. Poor households who are sweating even 
for their daily bread are more concerned with their immediate needs rather than with 
their future. The case study of lAY households (case study No. 4) is a good example. 
They purchased cheap agricultural land and developed as house plot since they could 
not manage to get any other affordable housing plot. They were not at all bothered by 
the environmental implications and even not aware of that. Changes in land use 
patterns, the exploitation of paddy fields and haphazard growth of housing development 
activities have created severe problems such as water logging, non-availability of 
drinking water and ultimately the degradation of the natural resources and changes in 
the micro climate of Kerala. Conserving and protecting resources needs crucial attention 
to achieve environmental sustainability. None of the schemes could take any positive 
step towards this aspect. 

Needs of present generation is also a prime objecti ve of environmental sustainability. It 
deals with the quality of environment and infrastructure facilities. Development of an 
adequate infrastructure base is inevitable for sustainable habitat. In the case of OLHS, 
the houses were constructed in a clustered manner fixing a density of twenty houses to 
an acre (approximately 4047 m2

) of land with twenty percent of area utilized for roads 
and open spaces. Even in this case, government intervention failed to provide the 
essential infrastructure facilities like proper sanitation and drainage. Also most of the 
OLHS households had only poor toilet facilities and literally no permanent bathing 
facilities. A temporary open shed either with a thatched wall or with a protection of 
polyethylene sheets is a unique feature of their toilets or bath rooms. The case study 
(No. 2) of OLHS households from Neeravil colony is a good example of their poor 
surroundings. 

Even though lAY guidelines were gIving importance to healthy surroundings and 
infrastructure development, the real situation of the households is pathetic (Case study 
No. 4). Two of the households from this case study (Identification No. 67 and 68) do 
not have any type of toilet facility and need to rely on their neighbours for this basic 
need. The situation of THS households is also not different. The households of 
Sivodayam colony also had no toilets with their new houses as they denied the facility 
to increase the area of their houses. Most surprisingly, it is interesting to notice that 
none of the households are bothered on providing the basic facilities like toilets and 
drinking water utilizing their housing assistance and looking for further support from 
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the Government for satisfying their needs. The new houses without toilets are a 
common feature of the public housing schemes in Kerala and also an indication of the 
increased dependence of households on governmental support. 

The evaluation of the public housing schemes in Kerala advocates the reform of 
Government policies towards practical solutions for sustainable housing development. 
Housing statistics confirms that quantitative housing deficits are relatively small in 
Kerala. But the evaluation of public housing initiatives in Kerala begs immediate 
attention on the gravity of other shelter related problems. Based on these analysis and 
discussions, the succeeding section pn:sents a few strategies for sustainable-affordable 
housing in Kerala. 

4.6 Strategies for sustainable-affordable housing in Kerala 

Housing policy for people living in poverty has multi-objective and multi-institutional 
relevance. This section comes up with a few strategies for the development of 
sustainable-affordable housing. They arc identitied as: Policy measures for socio
cultural sustainability (PSCS), Policy measures f(x economic sustainability or 
Affordability (PES), Policy measures for technological sustainability (PTS), Policy 
measures for environmental sustainability (PEVS). 

~ 
Stratel/:ieo for Sllstainablr-

I Affordable Housing 

... ... t ... ... 
Polu:y measures for Puli..:y mCIlsurC5 for I'olicy measures for Policy mcaS\lrc~ [or 
!';oclo-cuhurnl Economil:. Sustall1ahllity technological Envlronmcntnl 
Sustainahi lily PSCS ur allurda~ility PES su'IlIinahililY PTS sllslai"a~llity PEVS 

Panlclpatory Land tenure Promotion of Vo,',ucr 
llousing technological Conservation 

Access to resoun'e~ imlll\utiuIIs 
C(lr~ housing EIl~~g)' 
concept 

Easy finance 
Dis~cmination or Conservation 
technology 

COlmnunity Land 
In\'olvement Minimum houslng Building :-\tandilrds Managcment 

n..:cds and rcguwlion~ 
1'n,viMun or Pulllic \\taste 
Infrat.trUCluTC and Sk.ill up gradatiun in Management 
sCf\.iccS Consisknl LIlC(HllC 

building process 
Ilc'I1Ih: 

In,,::onlc ~cncn'llion 
Tr:chni<"nl $upcr':lSlon EnYironm~nt 

Ihn1ugh cmpO\~cTTT1~nt 
or gUld3lU::C B"~H; 

Inrr!'t.';(l1Il.:lurC 

Figure 4.6 CF2 - Straregies for sustainable-affordable /1ousillK 
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This modi lied (based on evaluation) framework (CF2)-Strategies for sustainahle
alTordahle housing (Fig. 4.6) can be considered as a mechanism for achieving the 
objectives as derived from the analysis of case studies and evaluation of housing 

surveys using CF 1. 

4.6.1 Policy measures for socio-cultural sustainahility (PSCS) 

The evaluation of public housing schemes in Kerala highlights the un-sustainability in 
socio-cultural factors as one of the main pitfalls of the housing programmes. Since 
housing has got more personal signiticance than social interests in the perception of an 
individual, socio-cultural sustainability in housing primarily depends on the altitude of 
the inhabitants towards their houses. Therefore policies for sustainable housing should 
give importance in ensuring household participation in all the levels (from planning to 
finish) of the building process. This could help in considerably improve their self
reliance and lead to better living standards. Ensuring community participation is the 
next important milestone in this aspect of s~stainable housing. Community involvement 
can accelerate the social significance of housing development by ensuring, integrating 
and maintaining infrastructure facilities and rescuing the low income households from 
the evils of social exclusion. 

Policy measures for achieving socio-eultural sustainability in housing can be listed as 
follows. 

Stimulate participatory housing through involvement of households and with the 
support of community. Community action plan approaches in the Million Houses 
Programme in Sri Lanka and People's Housing Process from South Africa are good 
examples in ensuring both community participation and beneficiary involvement. 
Refining and improving the concept of People's Planning campaign in Kerala could 
be suggested as a recommendation. 
Promotion of core housing concepts with flexibility for future expansion should be 
considered on the planning stage itself and ensured with the provision of vacant 
plots, infrastructure facilities and formati ve designs. 
Households should be given the freedom of choice for their house from a list of 
housing programmes to select the appropriate option to suit their requirements. 
Careful neighbourhood planning of the houses should he taken by mixing different 
income levels of the society in the same locality and ensuring adequate 
infrastructure facilities and community services to -
• ensure the inhabitants to take part in community activities, improving social 

relations and intermingling with others. 
• avoid the segregation of a community based on income, religion or other social 

criteria. 
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• discourage the stigmatization of houses either through type design, material 
usage or any other methods. 

4.6.2 Policy measures/or economic sustainability or af/ardahility (PES) 

The ability of the households to own as well as maintain their houses plays an equally 
important role in the sustainability of housing development as the economic 
sustainability of the housing programmes. Government support for housing could help 
the poor households in supplementing their efforts, only if they arc self-reliant to meet 
their immediate daily needs. Improving and maintaining consistent income should be 
the prior step in satisfying their housing needs. The next step is facilitating or 
empowering the poor through enahling strategies to improve their access or command 
over various resources, necessary for housing. Strategies and housing policies at this 
stage should be able to tackle the problems connected with land tenure, subsidies, 
accessibility to easy loans, resources and other obstacles connected with building 
process. Effective policy measures should be taken for implementing the different 
objectives of economic sustainability in housing. It can be listed as follows. 

Ensuring consistent income: Gramcen Bank Housing Loan programme IS an 
excellent example. It can also be done by-
• Empowering the poor in the different activities of building process like 

production of building materials and other skilled labour training, 
• Housing schemes for the economically weaker sections should be coordinated 

and integrated with poverty alleviation programmes. 
Accessibility of resources: This is a prerequisite for affordable housing. The 
priorities of different households and problems connected with ensuring different 
resources such as land tenure, supplementary loans, building materials, lahour and 
other infrastructure facilities needed for housing activities may vary. The 
Community action plan approach of Sri Lanka could be a better solution. lssue
specific workshops and gatherings organized among the group of households 
together with the involvement of community and programme officials could sort 
out the problems and come up with more efficient solutions. The concept of 
People's Housing Process of Kerala also needs special mention at this context. 
Improving the accessibility of the households to loans and subsidies could help in 
further strengthening their ability to afford housing. 
Feasible loans: Promoting micro finance institutions in the model of Grameen 
Bank is a sustainable solution. A variety of loan packages should be made availahle 
depending on the needs of the household and their ahility to make repayments. 
Minimum housing needs: Since the sustainability of affordable housing depends on 
the fulfilment of basic shelter needs, proper monitoring and controlling of housing 
development acti vities should be done to ensure it. Organizations or small groups 
of beneficiary households together with the involvement of community and 
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programme orficials like the Support organizations (South Africa) or Community 
development councils (Sri Lanka) should be able to fix a minimum specilication \(lr 
ensuring the basic shelter needs and regulate the house building process. 

4.6.3 Policy measures/or technological sustainahility (PTS) 

Feasibility to sustainable technological options is one of the main stumbling blocks of 
the poor in providing their housing. This is aggravated by the exorbitant prices of 
huilding materials and inaccessibility to common property resources. Evaluation of the 
present building process in Kerala pleads for effective dissemination of cost effective 
and environmentally friendly technology through convincing examples and post
delivery services. Technology promotion activities, awareness programmes and skill 
upgrading or training programmes should be promoted through policy initiatives. 
Building regulations and standards also need important consideration. Policy measures 
for technological sustainability should include t()llowing strategies for guaranteeing 
technological sustainability of housing programmes. 

Timely guidance and technical supervision should be ensured in the building 
process by intervening technology institutions or organizations as in the case of 
People's housing Process in South Africa. Strengthening the activities of Building 
Centres and making them responsible for ensuring the quality of houses could also 
be a sustainable solution. Their intervention could also help in solving the prohlems 
related to material scarcity, unavailability of skilled labour and also in maintaining 
the technical standards. 
Technology promotion activities and awareness programmes should be accelerated 
to make the technologies more accessible and affordable to the users. 
Stimulate research activities in appropriate technology by : 
• utilizing locally available or waste materials, which are cost efficient, ahundant 

in supply. 
• utilizing renewable, reusable and recyclable materials. 
• utilizing environment friendly methods to provide affordable housing solutions 

suitable to the requirements of Kerala. 
• demanding the usage of less energy intensive materials and methods 
• demanding unskilled labour, renewable resources and decentralised production 
Regularise building standards and regulations 10 ensure and maintain normal 
construction standards and quality for sustainahle housing. 
Building rules and standards should be revised to incorporate the technological 
innovations. 
Environment friendly construction techniques could be promoted by providing tax 
exemptions or additional incentives to buildings utilizing this technology. 



Public Housing Policy in Kerala: Evaluation o.l household surveys and case studies I f I 

4.6.4 Policy measuresfor environmental sustainability (PEVS) 

The case study of households from different housing schemes reveals the appalling 
housing situation of the poor with insuflicient basic facilities like provision of drinking 
water, sanitation and drainage. Even though both the present and the future needs of the 
household with regard to environmental sustainability do not seem to get any attention 
in the housing programmes of Kerala, the urgent basic needs of the household has to be 
fulfilled with due priority. Provision of basic infrastructure facilities, conservation of 
natural resourcl.:S, efficient usage of water and energy are integral parts of sustainable 
housing. Policies should be formulated considering these requirements. 

Policy ml.:asures should be able to ensure basic infrastructure facilities (drinking 
water, drainage and sanitation, waste disposal) to the households. 
Policy measures should ensure energy efficiency in household activities by 
integrating alternate solutions for renewable energy and conservation of resources. 
Rainwater harvesting methods should be integrated with housing projects. 
Proper regulatory measures should he taken for conservation of agricullural land 
and against uncontrolled land reclamation for clay mining, housing and other 
development activities. 

4.7 Conclusion 

The evaluation of public housing schemes in Kerala verified the mismatch between the 
aims of government policies and the real situation of heneficiary households. Tt 
underlines the failure of different housing policies with respect to sustainable housing 
development and identities thut though there were different policies over the years 
(1970 to 2000), they could not lead to signiticantly different outcomes. The results of 
the evaluation urges the integration of different aspects of sustainubility through 
efticient impkmentation strategies, suitable f{Jr the socio-economic and cultural 
specitications of the state co-ordinating the involvement of beneficiary households, 
local communities, non-governmental organizations, and local government. The policy 
measures for sustainahle-affordable housing should give prime concerns in improving 
the self-reliance of households through consistent income and their accessihility to 
resources together with proper utilization of resources. Ensuring infrastructure facilities 
is also vital in sustainahle housing development. 
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Appendix 4.1 

This i,; Ihe origillal \'ersiun uf the ljlll:stio/llwire used.!,),. the household Sl/tTCVS. The illft'J"viewer 
was asking the questiolls to Ihe house/midI in the locallan~l/age (JIalayala/ll) al/d writing down 
their responses hy herself 

sustainablc- Allordable housing for rural Kerala 

Household survt'y schedule 
I. Gelleral information 

Idcnlific<ltion number 0 2. Nameoflhc Scheme 1. lAYiTlIS 

3. Name of the l'anchayuI 

\\\Jnl 0 5. BOil;': nllmber 4. 0 

7. Caste!Rdigi"" 

l>etaib ofbousehold members 

lh)U~h~ld fh,-tOltionsbil' Aj.tc 
~17C':- with the hCJd (101 
I", 1'1) 

Sex I Edtu:atJlmal 
(Il) I ~wlttkatum 

. (I~) 

I 

(\ctivity 
SUlIUS: 

Oc..:up.uion 
(13) 

APltl'(txim.1tc 
m<mthly 
Ln<;om.: (14) 

M:lnc.tI IIlace uf w()Tk 
Stalus (16) 
(I S, 

1---.-+-----1---+---+-----.+----.. 
; 

---------f-----~---------

Total 

~ __ ~ ____ ~_~ __ ~ ____ ~ ______ -L ______ ~ __ ~ ______ ~ 

Place of work code: Within Ih~ Panchavat I. OUlside, bUI within 5km-2, wilh ill 51" 'I (1- J, Oulsiue "islrict-
4. outside Sla(\! 5. Gulf ,'ounlries 6, Other countr",:; 7 
Married O. Unmarried I, widow' 2. w,dower :3, Divorcee 4 
Activity stalus code: Employed I, Unemployed 2. Ex service .'. Rem·cd· 4. Housewife' . ~. Studeut 6, 
Child .7, Old age l(, Gulf returned 9, \o,brking in foreign COllntr;es - to 
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I. Economic status of housl"hold 

I X. Average monthly income of the household in total 

Land ownership 

19. Land ownership (in cent» Ilouse plO! 

20. Land owned other than h()w;~ plot Agriculture laml D othcrD 

21. Total area ill rcnts 

22. Approximate plinth area ,,!'the house ill Sq.m 

23. Arc there any domestic animals in your hou~c'! Yes OJ No DJ 
24. If yes. 

Item Number 
Giving milk/egg! 

meat 
Approximate daily 

canling 

Cow [!] (ioal QJ Pig [2] Bulralo m lkn[}] Duck W 

Furniture 

25. Chair 0 2f>.lknch 0 27. Stool 0 
29, Dc~k 0 30. Coat 0 3l.Ekd . 0 

Approxill1mc daily 
expellse 

Olhcrs 

2S,Tabk 

32. Alflla rah 

0 

0 

. H. Mixi 0 3~,IV 0 33. Radio o ~4. Music system 0 

35. Telephone 0 36. Electric fan 0 }8. Ekc'lric iron 0 39. Cycle 0 
40 Motor bike/scooter 0 41.Any other ,chide D 42. Approximate gold 0 
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.v1ol1thly Savings 

Jt~1U Amount It~m Amount 

4~. Food 52. Chllty 

44 '\1cdicmc " _.,. Savings hl.lnk 

45. b.JlIL'ation 54. p'():->t n fli('c savmgs 

46. Elct.:tri clty 55 Insurmll'c 

47. \\'~dt.:I 56. Any other 

4~. Cvoklllg g:a.';: n,d 

49. Penodlcals 

.'\0. AIly oth..;or 

51. T,)[ill ~xpcndilllf" 57. lhtul s(]\'illg~ 

Liabililics 

5R. Do yOUllllVl' any liabiliti.;," Yes DJ NtJ [TI 

5'.1. lryes. 

LO~1l StJurce Amount Rate of interest Monthlv Purpose Remark, 
i nst~ lrncrlts 

:v\arriagu (,1" children DJ Hmls,:: constnLct i on DJ 
IIOl"" repair! maintl.'llunce DJ 'khide l'uTchas..-f[{I.']Juir W hlt,cation D 
Medical; hcaltll purpose m any "Iher [2J 

DJ Privalc bonks IT] Individuals CD 
('0- opcrati\·c banks W Rc(mivC$ & friends IT] other source m 
hO. Approximate debt amount 

61. Repaymellt of debt: Promplly DJ i\ol repaying Ihe jn~tijIl11~llb TL'gUlarly 

Ilas tn repay the last 5 in;talments m 5 to I ~ Illonth .• 0 \.1ore than I year CD 
62. Do VOlt able to repay the existing loan Yc, No 

63. (rno!. why" 
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Ill. Housing details 

Previous hou~e 

Fmm wh~re do you migrate to th" new house'! 

Samc panchayat. parental house 

Outside pauchayat, but ,ame district 

65 Why did you mignl1l' to Ihi, n~w house'! 

Not enough facllill<:, 

was Sl(IYlllg in renh.·d house 

6h Did yuu sal is!)' wilh the location? Yes W 
(-, 7 Sf'~t:j fy rrllson 

68 Type lit" old house 

FOlm"latinn 

Walls 

Roof 

I'lonrillg 

Facilities 

Th~ same place 

"ame panchayat. not paremal house [}] 

Ditferent locatiolllhan ~b"ve IT] 

Old h,)lISC 111>1 liveable 

destroyed by natural calamilic~ 

Other reasOIl; (Speed)·) 

Living room -;- Kitehcn CD 
Living room - Kitchen-veranda DJ Living room';- Kit..:hcl1+bcdroolll GJ 
Living room +- Kitclwn"'bed roonH veranda 0 O,herthan above (,pecil):) 

Single n1lllli purpose 1'0<'111 

70. Did YUlI have \tlikl'l 

71. Single pit 

72 Bath rOulll, Temporary,hed 

7]. [>t'inking water 

Own Well 

Public weU 

74 lJ..\is the house electrified" 

75. Cooklllg jiJeJ 1ISCd') 

Nu m 
W Twopll DJ With s~plic tunK 

W Permanent munt m Publi.: wdl,- pOlld 

CD Olhcr1ypc~ DJ 
CD Public' wal~r tap0 

Neighhour's wdl 

Public water tap 

Yes 

Wood 

Others ('pcelfy) 

m 
[IJ 

[i] 

W 
CD 

['(lilt! ITJ 
Olhcr(sp"cify) m 

Kcr{lscn~ 
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Present \WIlSC 

711 Year of Sanction 
77 Ycar of constru,tion 
7R 
7<1 
80 

'rear of occupation 
Duration of building process 
Arc you the original bcncticiary of the scheme? 

Chapter 4 

Ye, DJ 

81 Pre~cnt situaiion oflhe house Completed, good c<l1ldition DJ Completed, hUI needs rcpair 

l;nl'ompkted with minor works remaining 

iJnlivcable condition, major repairs to be done 

82 Did you fbllow type tlesi~n" 

s.' Ifnot. whJi additional fodliltc,; added? Purpose:' 

84. Do you have latrinl") 

85. If yes, Type Single pit DJ 1\\'0 pit 

86 Latrine Integrated with I·I.S 

S7 Bath rooms '!C-mporary shed 

"ublic "dli pond 

XS Drinking wakr Own'M:ll 

Pond 

Public water tap 

89 Drinking watcr lntcgmkd with n.s 

Provided by ,}wncr 

90 Any 'vater;' en<:rgy conservation methods adopwd'! 

9l. I r yes, whatllre the meatiurcs adopted'! 

92 Is Ihe house electrified'! 

9.1. If yes. h)' whom'! 

Integrated with ItS [!] by the owner W 

[1] uncompleted, nCl'J, major works 10 finish 0 
Wdemolishcd CD olhertlwl1 this (sreci1y) [JJ 

Nom 

No 

DJ With septic tank DJ Other types 

DJ Another Scheme CD Provi<il-d by owncr 

DJ I'cnnancnt room CD 
[IJ Public water tap 0 
DJ Neighbour's ",<!Il CD 
[1] Publicwdl [JJ 

DJ Other than this IT] 

DJ An(\lh~rSchel1lc GJ 
W Sharing with neigh hour 0 

Yes DJ No m 

Yes DJ No IT] 

by another scheme CD 

DJ 
[}] 

94 Any methods adopted I,)r drainage and wast<: disposal? Yes [!] No CD 
95 If yes, what arc they'! 
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Lo('alion of the hous1: 

9i. Arc yuu ,(lllSlice! with Ihe location oflhe hOll~C'! Yes DJ No W 

Work place away DJ Edun,lional faeilitic. "W(lY IT] cn" ironll1cnlal prubkms IT] 

~ad neighbourhood GJNo ho,pilal facility DJ 1l1hcr rca~ons (spc,-,!'y) IT] 

99. Environment Air pollution [i] Du.ty IT] 

Healthy IT] Uuhygicni<: IT] 

100 Ncighhourbuod Good residcl111a I area DJ lndu~lrial (}reu 0] 

Slum like arca IT] Low-income settlement IT] 

other (spccif~') UJ 

101. 'lype and nature "r land "fhouse plllt 
Developed :lgncuitural land DJ Ordinal), plot 

I 02. I)i~lanl'e 10 nc~arc,l motor allle road 

103 [}istanc~ 10 ncarest worship place 

104. Disl;lI1CC 10 Ilcare,1 health ,enlre 

BuHdilU: Process 

105. \Vhal W8' 1he l<>tul c·osl of COI",truc1ioll" 

IOf>. Source otTullds 

Rate of Monthly Paid How l'iumbcrof 
Source Amount manvkft instalment<; interest instalment instalments unpaid to pay 
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107 Any form ofcomrnullity involvemcnt in the building process',' Y.:s DJ NOCIJ 
IOX Involvement in: 

Material cmllrihu(iol1 QJ 

Finantiul as~istancc 0 

109, Any involvement ofN(jO'S: eCiO's 

I1 () If y.:s, who was involl'cd'~ 

III Involvement i,n: 
Material contribution IT] 

Finant..:1ill assi~tancc 

112 BcnclJcifl1Y iJlvl1lvcllll'nt 

113 Irye>, tlwolvcll1ent in 

Financial colltribution QJ 
Labour contnbution 0 

114 Matcl'ial cnntributilHl (lfbcncfici,lry 

I'r()(luccd by beneficiary IT] 

I1 ~, l.abOlll' contribution: skilled 0 

116 

Labour contribution 0 both [2] 

All the above CD 

Yes No CIJ 

Labolll'contl'ibulion 0 both [2] 
'[cdmical assi,tanl'C All the ,thove 0 

Yes [!J 

Material contribution 0 
!'lanning All the above CD 

purchased materials from old ltoU:iC [2] 

unskilled both 0] 

skilh:d 0 b'lth 0 
117 Involvement olTEEf technology institut.ions,' l3uilding centres "0 m 
Ill'; IfY($, their IIlvolvcmc1l1 in: 

M~tcrial suprly [Q Labour supply 0 
Twining 0 -kchnical advice 0 AlIlh~ above Q] 

119. Wh\J wcre th" impkmcnting agency' utTicer? 

1.20. R,,1c of iIllplelllenting agency 

Finun(iili contribution 0 milteri"l,upply [2] training.' le{.~ll1lical advice [2] 
Limited lU giving stage t..:crtificatcs 0 All 0 Any uther suppurt CD 
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Structure Materials Source 
Ditlieultics 

encountered 

121. Foundation 

122.W .. Us 

123. Roof 

124. Flooring 

Malerial code Lalcritc [i] Rubble 0] 
Bricks IT] Hollow blo.:ks 0 
Stabilized mud block CD olhcrs(spccify) CD 

Roolcode R.C.C [i] Filler slab 0] 

Shell wc'ting CD M.Ptilcs CD 

A.C Sheet CD Tin sht;e\ CD 
Al sheet [2J Thatch CD other/specify) CD 

Floorillg CfJt/e nol tini~hed [i] Cement plastercd [2] 

Rcdl bla"k nxidc IT] Others (specify) CD 

12.5. Do you find .my Ilrogress in your quality of lifc sinl'c you moved to YOllf new hOllse'! 

Yes [i] No [I] 

126. I I' yes, wllalllre they·;' 

Improvement in: the studies of children CD health cOlldition 0] 

Better value/status in the society IT] All 0 
127 Arc )lOll satisficd with the \'Kiliti.:s provided by the go\".:rnm.:nt? 

Yes [i] No [I] 
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12~. 1 rno[, what ds~ you expect from the govemmcnt? 

'ILl ,onmuct the hou,e, complctdy according tu thdr type design [TI 

'Ill provide partial linancial support and provide technical assi,wnee, training Hnd fa,ili[ate the COtl<truction [2.] 

To give full financial support [2] other than this (speci fy) 0 

R~Plli .. LReflnYllt!()f1 
129. Have you ever renovated your hOllSC since occupatiun') 

Yes [TI 

130. rI', yes. what additional facilities added" 

Ot1~ more n)om 

one room + \.eranda 

Other than thIS (specify) 

131. Suurce of monc} for renuvation 

Source Amount 
Rate of Monthly Rcmarb interest mstillm~nts 

Any "'pair works done after uccupation'! No 0 
J 32. If yes, what arc they and trcqucncy of repair? 

133. Source of money t()[ r~pair 

Source Amount 
Ratc of 
interest 

Monthly 
ill~taJlllellts Remarks 

134. Arc you satistlcd with lhe present tacllitic~ in the hou>c? 

135. Ifnot. what clse faCIlities you need? 
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J 36. What is the source of n1Clncy you are looking I,mvard? 

~ecds, Aspirations. Plans 

137. Do you have any plans to constmcl a new home') YCS~ No 0 
138. If yes, what facilities YOll wBntto provide as additional (0 your existing house'! 

139. What materials would you prefer to usc~ 

Structure Materials \Vhal arc the advantages or [hese 
than the present matt'rials 

Foundation 

Rubble 

Wdlls 

Roof 

Flooring 

140. What sourc.: of resources you arc looking forward to realize your dream hou,c') 

Savings .clling Ollt the assets 

Inore gO\,(~lllmcnt support Other. (spt'cityl 

141. V,buld you prefer to use the IIlIl\l\'ative material, developed by yuurself (aticr getting training) for 
your new house'! 

142. lJ'not, why'! 

143 Are you inlcrcst~d h) gel (rained on CEEF technology" 

YCS0 No 0 
144. Ifnotwhy? 

145. Arc you intcrcs(l'd in using ('EEl' Technology tor constructing your house? 
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146. Ifnnl why? 

147. \{)ur<>pimon on llsing LOl'ally a\·ailablc matcriab such as; 

Mud 

lakrile 

Treated wood 

Agricultural wast~, 

Industrial waste 

14X. YOl1r opinion in using: 

F xpo,cd brick work 

Filler slabs 

Ca\ity walls 

Prcn.b,i.:ated con,tI1ll'tion 

Any special comments" 

Inll'rI'icwer ~ Remarks 

Present condition "rlh.: house & household 

L. i vlng. ~n"·tront n~nt 

\Vater managcfn\!nt 

Waste disposal 

Location 

A rough plan 

Livingmc,lm \\:ramJa Bed room Kit.chen Remark>. 

Area of the house 

Indirect 'lues/ions ro hflll'fidarv 

Do ynu have any inferior feeling to live in thi.s il(lUSC" (Any tilrln ofstiglnatisation "r grouping ofp.:orle) 

])0 you nm.~ider this house (1.\ an as.'tel? (lwu why:J 

Specific remarks Dnd sug~estiuns for impro~eIIlent 
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Appendix 4.2 
Sustainability Analysis (OLHSIIA Y rrHS) 

S b fA c erne 0 nalysls 
Socio·cultural sustainabilitJ 

Adaptability 
Household Size Number of potential families = I 

A single family with young children and household size 4-6 
Potcntial family.> I, but additional rooms 
2 potential family including old parents sile 4-6 
A familv of 4 ,"rown children/PF>I with insufficient additional rooms 
Number ofJ1otential families >1 

Equalitv 
Segregation or grouping of a people :'-io 
of a panicular category based on Ycs 
income or castc(feeling inferior) 
Integration of amenities and sen'ices 

Motor able road Within lOOm 

lOOm to 20001 

> lOOm 

Nearest bus stop Within SOOm 

500 to Ikm 

>Ikm 

School Within 2km 
Hospital 2km to Skm 
Worship place >5km 

Work place Witllin the Panchayat 
Outside bUI within Skm 

>5km 
Beneficiarv Participation 
Planning Total building process 
Finance 
Material contribution Planning. material, labour 

Labour both material and skilled labour 

Any two from labourl material/finance 

Partial material I labourl financial contribution 

No invol~emenl 

Community0<\(;O'S Involvement 
Planning Total buildi ng process 
Finance 

Planllin~. material, labour 
Material contribution both material and skilled labour 
Labour 

Any two from labourl material/finance 
Partial material I labourl financial contribution 

No in.olvement 

20 
16 
!2 
8 
~ 

0 

10 

0 

20 

10 

0 
21l 

10 

0 

20 

10 
0 

20 
10 

0 

20 

16 

12 

8 

-1 

0 

20 

16 
12 

8 
-I 

0 
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Economic sustainability (t<:CS· IAyrrHS) 

l're requisites 
50 to 75'70 20 

Savings 25 to 50% of income 15 

10 to 25% only 10 

less than 10% .5 

No savings 0 
Affordahility 

Nol yes, hut paid already 20 
Yes, but paying back regularly 15 

Liability for housing 
yes, not so regular in payments, but can pay 10 

yes, paying hack the interest only .5 
yes, not yet repaid the instalments 0 

Completed, good condition 20 
Completed, bUI minor works in pending 15 

Housing condition liveable, but needs major works 10 fini~h 10 
livcahle, but only minimum facilities, major works pending 5 

Not liveahle. incomplete or poor condition 0 

Shelter NCl'(\,~ 

Permanent space with latrinel independent spacc(good 20 
condition with door and roof) 

Bathing space 
pennanent room without roof or proper door 10 

Temporary shed or pond :) 

No facility 0 

Enough privacy for couples and adults 20 
Sleeping space 

Can adjust 10 
Not enough space, but no one sleeps outside 5 

Some one has to sleep outside 0 

Enough 20 
kitchen space Moderate 15 

Small. but can manage 10 
Part of another room u>ing as kitchen .5 

Cooking in temporary kitchen outside the house 0 
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Technological sustaiJlahilit~(TCS) 

Feasibility 

Technology for Roof and Wall R.C.C. filler slab 0 
Rat- trap bond 

Flemish hond and ordinary 10 
Simple. Easy maintenance and unskilled labour brick/cement hlock masonry 

Tile roofing/ sheets 20 

Plenty 20 
Lahour availahility 

Fairly 10 

Rare 0 
Good 20 

Quality of labour (Strength) Moderate 10 

poor 0 

Easy 20 
Functionality (Further change, in design) Fair 10 

Not possible 0 

Good 20 

Comfon Fair 5 

Poor 0 

Good 10 

Fair 5 

Safety from thieves. nmural calamities. fire hazards etc Poor 0 
Moderate 5 

Intensive 0 

Materials for Roof and Wall Locally available/produced 20 

Availability 
LocalI y purchased 10 

No local availahility 0 

Good 20 
Reusability 

Fair 10 

Poor 0 

?,em 20 
Energy Requirement 

Moderate 10 

Intensive 0 
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En~'ironmcntal Sustainability (E;.,jVS) 

Renewable and ;.,jon renewahle resources 
Energy Yes 
Any energy conservation measures adopted" 'io 

Waler Y~s 

Any water conservation (reuse) measures adopted? No 

Land consenation and proper planning 
Land Natural plot 

low Iving 1 hilly area 
Developed agricultural land 

Health} Environment 
Quality of surroundin£s Good 

Ylodcrale 
Poor 

Neighbour hood Good resilienlial area 

Low income sculcment 

Slum like setllemenl 

Basic Inrrastructurc 
.' 

Toilets yes, construcred with this house 
Is Ihe latrine faciliry integrared with scheme? 

U si ng the .lame latrine with the old house 

later constructed by the owner/lhrough anolher scheme 

No 
Latrine Iype septic lank. permanenl room good condilion 

Single Ilwo pit .pcnllilncnl room 
Single Ilwo pit ,permanent room, no root/door 

Two Pil with temporary shed 
Single pi I ·temporary shed 

no latrine 

Water supply yes 
Is Ihe drinking waler facility integrated with scheme" inle!!fated. but not suflicient 

no 

'LJrinking water I()urc~ Own facility 
Public facility wilhin 200m 

NeIghbour's facility within 200m 
Public facility at a distance greater than lOOm 

Neighbour's well at a diSlance greater than 200 

scarcity of drinking warer 

2 Acccss to watcr refers to drinking is defined as having water located within 200 
meters of the dwelling (UNCHS,2000) 

20 

0 

20 
0 

20 
10 
0 

10 

5 
0 

10 

5 

0 

20 

10 

5 

0 
20 

t6 
12 

8 
4 

0 

20 

\0 
0 

20 
16 

12 
8 

4 

0 
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5 EVALUATION OF TECHNOLOGY OPTIONS: KERALA 

5.1 Introduction 

This chapter presents a comprehensive evaluation of the prevailing huilding process in 
Kerala and proposes two sustainable huilding alternatives. The evaluation has been done 
using a methodology based on the conceptual framework from chapter 2. The analysis 
and discussions on the public housing schemes in Kerala (chapter 3 and 4) urge the need 
for feasible technological options for affordable housing. This argument also confirms 
the findings of Gopikuttan (2002, 2004), who argues that a clear understanding of the 
technology suitable to the specificities of the state is inevitable for meaningful public 
intervention in the housing sector of Kerala. Above all the inter-relationship between 
technology and wider socio-cultural, economic and environmental factors need mon: 
attention in the context of sustainable development. All this necessitates a thorough 
evaluation of the technological options based on the concepts of sustainable 
development. 

This chapter is organized in six sections. Section 5.2 presents the evolution of the 
present building process in Kerala. This is followed by (Section 5.3) an overview of the 
popular technological options in housing. The succeeding section deals with the 
analysis of these building alternatives (Section 5.4). It has been done in two stages. The 
first phase is an evaluation of the prevailing huilding alternatives based on the 
conceptual framework. However, in the second phase, a categorization or grading of 
basic building materials and technological alternatives based on embodied energy has 
been done. On the hasis of this, section 5.5 comes up with certain specitic 
considerations for the selection of new huilding alternatives and proposes two 
sustainable building alternatives. They are (i) Rice husk ash (RHA) Pozzolanas; a 
partial replacement for cement and (ii) Straw bale (SB) construction; an alternative 
technique for walls. Basic details of straw hale construction and few examples from the 
Netherlands and India are presented as appendix 5.2 of this chapter. 

S.2 Evolution of the present building process: Kerala 

This section presents an overview of the evolution of the prevailing building processes 
in Kerala followed hy a quick insight into the history of present technology. 
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5.2.1 Traditional huildinR process 

Traditional Kerala architecture is based on the principles of Vastu Sasthra (science 
related habitation). It considers the astrological placement of the Sun, Earth, and other 
planets during the actual construction along with the location of the site, its shape, the 
proposed building's shape, the facing direction of the building, the location of gates, 
entry doors, doors to each room, windows, and the general design of the building. The 
basic theories of Vastu Sasthra are closely connected with astrological principles. 
Therefore, deviation from the accepted rules was believed to cause detrimental effects 
to those who use the building or the artisans who had constructed it. Thus the 
technology demanded highly skilled craftsman and precision in the entire work. The 
whole process was under the control of a head craftsman. Also the building process was 
based on caste-related social customs and traditions. It had a great influence on the 
overall building process, such as the type of buildings, materials used for construction, 
technologies employed, labour involved etc. Absence of wage labour relations and the 
supremacy of the casle system was a distinguishing characteristic (Harilal ct aI., 2000; 
2002). Houses belonging to each caste had a common name of identitication revealing 
their appearance and technology used. The quality and size of houses diminish as we go 
down to the caste scale. The "Pulaya's" (lowest division of caste) hut was considered as 
the smallest unit of accommodation (Government of India, 1891). The caste system 
provided the framework for occupational division of labour. Only the upper class 
enjoyed the privilege of employing the services of artisans, and the poor people used to 
build their houses with self-help or mutual help using locally available materials. This 
situation continued till the early 1970s. 

5.2.2 Modernisation of the building process 

The social reform movements and the larger process of modernisation of Kerala since 
independence and later the formation of Kerala state had effectively overcome many 
social and caste-bascd restrictions in all sectors of life including the building process. 
Following the 1973 hike in oil prices, the majority of youth from Kerala migrated to the 
gulf countries in search of better employment opportunities and there was a significant 
inflow of remittances to the state from the Middle East. Income windfalls and exposure 
to the outside world brought out greater changes in their aspirations. desires and 
preferences. A major part of the investment at that time was in the housing sector. 
Average prices of indigenous building materials (sand, clay) increased by about lifteen 
to twenty times during this period (1978-80). Free access to the natural materials was 
denied and traditional practice of community co-operation in house building became 
non-practicahle. At the same period, the factory-produced materials (cement, steel) 
showed an increase of less than ten fold (Gopikullan, 2002). The share of construction 
sector in the gross domestic fixed capital formation of Kerala for the last two years of 
1970 was more than 90% (Gopikuttan, 1988). 
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The number of new residential buildings has also showed a steady increase. This 

housing boom was the comhined effect of economic, social, institutional and cultural 
changes occurring during those days. Land reforms conferred ownership on land to 

those who had earlier been landless labourers. Also the popularity of Onc lakh housing 
scheme generated the importance of having own houses, even among the economically 
weaker sections. These social changes and subsequent investments in housing favoured 
the excessive use of energy-intensive building materials like cement, steel and bricks, 
replacing the traditional materials. Table S.I gives a picture of the changes in the 
material use pattern from 1961 to 200 I. 

TableS.l Changes in material use pattern in Kerala (in percentages) 
Source: Census of India 1961, 1991 and 2001 

Building elements Traditional materials Modern materials 
(Lime, mud, grass, thatch, (Burnt bricks, stone, tiles, 
bamboo, wood) concrete, GI and other metal 

sheets) 
1961 1991 2001 1961 1991 2001 

Roof 74.1 25.2 11.2 25.9 74.8 86.1 

Wall 63.7 35.4 30.4 36.2 62.7 68.5 

The modernisation of the building process during those periods opened up a new era of 
technology in the housing sector of Kerala. It resulted in the vanishing of 
environmentally-friendly Kerala architecture. The most adverse effect of this process 
was the excessive dependence on energy-intensive building materials. Only 0.1 % of 
houses had concrete as roofing material in year 1961, but the latest census reports shows 
figure of 26.5% in 200 I (Government of Kerala, 2004). These changes in the 
technology consequently generated changes in the employment sector and the wage 
structures, especially in the rural areas, and intermediaries or agents emerged for all 
sectors of the building process, including supply of materials and lahour. As a result, 
even for small constructions except kutcha houses, the households are forced to depend 
on these intermediaries, and this further increased the cost of construction. Wages of 
skilled labourers increased many-fold. Also this modern technology with its undue 
stress on costly and energy-intensive materials like steel and cement is not affordable to 
the majority of the population. In addition to this, these materials consume large 
amounts of non-renewable natural resources like energy, minerals, and topsoil affecting 
the environment. In order to overcome these problems and to solve the urgent housing 
demand, the government of Kerala promoted cost effective construction techniques and 
innovati ve materials. 
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5.2.3 Emergence of Cost Effective and Environmenta[{y Friendly (CEEF) technology 

The paradigm shift in the housing policy from a public housing approach to the one 
based on aided self-help during the beginning of 1980s also facilitated the introduction 
of cost-effective technology in the housing sector of Kerala. Several non-governmental 
organizations sprung up in early 1980s with affordable technological options. Mr. 
Lauric Baker, a well known British-born architect, settled in Kerala, took the lead in this 
effort. Based on his principles, Alternative Technology (AT) initiatives and institutions 
like Centre of Science and Technology for Rural Development (COSTFORD) and 
Nirmithi Kendra came up in the eighties to save the poor from the exploitative 
tendencies of the intermediaries (Gopikultan, 20(4). 

5.2.3.1 Centre of Science and Technology for Rural Development (COSTFORD) 

COSTFORD is registered as a non-profit voluntary organization in 1984 under the 
chairmanship of Mr. Lauric Baker. It has a taskfon::e of people from different disciplines 
such as architects, engineers, economists, geo-physicists, scientists, advocates, 
accountants, doctors, industrial consultants, educationalists and social workers. 
COSTFORD, in general, has two main foci of activities, namely, social activities and 
construction activities using appropriate building technologies. The focus is to 
empower and enable the weaker sections of the society to improve their living 
conditions by the application of appropriate and people-friendly technologies. 
Promotion of non-commercial building practices, which discourage the role of 
intermediaries from the building process, is also among their priorities. 

For their core activities, COSTFORD is supported by the Central Government 
departments like Department of Science and Technology and the department of Rural 
Development together with the department of local Self Government, Government of 
Kerala and Housing and Urban Development Corporation (HUDCO). For aClivities 
such as training they get funding from the State Department of Science and Technology. 

5.2.3.2 Nirmithi Kendra 

The devastating tlood during the year 1985 and the consecutive rehabilitation works 
connected with it in the coastal arcas of Kollam district opened up a new era of cost
effective and environmentally-friendly (CEEF) building technology through Nirmithi 
Kendras. India's first "Nirmithi Kendra" (Building Centre) was set up in Kollam for 
bringing out affordahle solutions for housing. Arising from the success of the Nirmithi 
movcment in Kerala, the ministry of urhan development and HUDCO decided to start a 
national programme of setting up a net-work of building centres through out the 
country. Later in 1989, the Kerala State Nirmithi Kendra (KESNIK) was established as 
an apex body to all the District Kendras. At present there are now twenty eight centres 
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in the State with nine centres under Slale Government, Fourteen under District 
administration and five under the control of different non Governmental organizations. 
These Kendras were started with the following objectives. 

Technology transfer from 'lab' to land 
Dissemination of these technologies to the masses 
Skill up-gradation and training for artisans in innovative and cost-effective 

technology options 
Production of cost-effective huilding components using local resources and making 
these available through local sales outlets 
Construction of housing and public buildings using the trained workforce and the 
components produced by the building centres 
Provision of guidance, information and counselling to people on proven, innovatiw 
and cost-effective building materials and technology options. 
Effective utilization of locally available building materials. 

Box 5.1 

The organisational structure of Nirmithi Kendras is in the form of a charitable society 
registered under the Scientific and Charitable Societies Registration Act 1955 (ACT 
XII). Their financial needs were met by tying up with various training, employment 
generation and rural development schemes for production or building materials and 
construction of low-cost houses. Eaeh Kendra gets an initial grant of Rs 200,000 
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(roughly € 4(00) the from central government through HUDCO in addition to the state 
government allotted grant and 1.5 to 2 acres of land for setting up the centre. 

International recognition was accorded to Nirmithi Kendra when the United Nations 
Commission for Human Settlements at its fourteenth session in Nairobi (May 1993) 
adopted a resolution recommending governments to set up institutions modelled on the 
Building Centres at the national, provincial and grass root levels. Later in 1996, 
Nirmithi niovement was declared as a Global best practice by UNCHS at the Second 
United Nations International Conference Convention on Sustainable Human Settlement 
which held in Istanbul. 

In line with the initiatives of COSTFORD and Nirmithi Kendra several other 
appropriate technology organisations also came into active involvement in the building 
scenario of Kcrala. Habitat Technology Group established in 1987 as a charitable 
agency, committed to the concept of green and humane architecture is a major 
organisation among them. 

The National Housing and Habitat Policy of 1988 encouraged all the state governments 
to facilitate the training of construction workers by administering development 
programmes through Building Centres, and promoting the decentralised production and 
use of low-cost building materials from local resourCes. 

The appropriate technology initiatives in Kerala are based on the assumption of 
abundant supply of labour and availability of indigenous building materials. Their focus 
is to create maximum employment opportunities and to provide livelihood security to 
the poor by constructing their own houses. The government of Kerala supported the AT 
initiatives in the state through financial assistance and providing facilitative 
environments. Most of the public housing schemes are also formulated with a concept 
of utilizing the options of CEEF technology. The evaluation of the public housing 
schemes in Kerala (chapter 4) shows that despite the continued efforts of CEEF 
technology institutions in the state, the dissemination of these technologies to those 
houseless people who arc in need of affordable solutions has not been very successful. It 
clearly points towards the difficulties of the poor households in accessing affordable 
technological options. These aspects urge the need [or modifying the present CEEF 
technology options to suit the needs of end users. Selection of materials and 
technologies for the building construction should satisfy the felt needs of the user as 
well as the development needs of the society, without causing any adverse impact on 
environment (Reddy et aI., 200 I). 
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5.3 Popular building alternatives in Kerala 

A mixed mode of construction can be seen in the traditional buildings of Kerala. The 
stonework was restricted to the plinth and laterite I was used for the walls. The roof 
structure in timber frame was covered with palm or coconut leaf thatching for most 
buildings and rarely with tiles, only for palaces or temples, till the mid of twentieth 
century. The exterior of the laterite walls were either left as such, or plastered with lime 
mortar. Mud construction was also one of the most common methods of making cost 
effective and sustainable habitat in the ancient days in Kerala. Since earth or soil is 
readily available everywhere, it can be utilized for constructing a very good monolithic, 
sustainable structure. The indigenous adoption of the available raw materials was the 
dominant feature of traditional constructions in Kerala. 

The natural building materials available for construction in Kerala are stone, latcrite, 
timber, clay and palm or coconut leaves. Granite is a strong and durabk building stone; 
however its availability is restricted mostly to the highlands only. However, laterite is 
available in most parts of Kerala. The quarrying and extraction of these two are less 
energy intensi ve, and it does not require much skilled labour. So it ean be used for 
foundations and superstructure, in places where it is locally available. Cement, steel, 
and bricks are the other popularly used building materials in Kerala for the last three 
decades. The CEEF technology initiatives in the state since 1980 opened up the market 
for alternative materials such as fcrro cement, hollow and solid concrete blocks, ruhble 
filler blocks and most recently, for interlocking blocks. The recent interest in promoting 
traditional mud construction is a positive sign towards sustainable building process in 
Kerala. 

5.3.1 Foundation and ha~'ement 

The superstructure of a conventional residential building in Kerala with 23 cm thick 
brick wall is usually constructed by keeping the wall centrally over stone or laterite 
masonry basement of 45 cm (both width and thickness) in normal soil conditions. The 
cost-effective construction techniques promoted by Laurie Baker put forward the 
suggestion of keeping the brick wall flush with the outer side of basement. This 
arrangement can not only enhance the inside room area but also prevent the entry of rain 
water to the foundation through the joints between basement and wall. 

IL . . 
atente IS a surface formation in tropical areas which is enriched in iron and 

aluminium and develops by intensive and long lasting weathering of the underlying 
parent rock. 
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According to Central Building Research Institute (CBRI), New Delhi, a :10 cm thick 
stone foundation can be an affordable option instead of a 45 cm thick foundation, 
without compromising the strength. Utilization of mud mortar instead of cement mortar 
in foundation is a popular cost effective option adopted for low rise buildings in KLTala. 
Reinforcing the soil in the foundation trench with layers of bamboo can be an 
alternative foundation in places were stone is not locally available and bamboo is 
plenty. This technology is widely practiced by COSTFORD. 

Sand piles (load bearing), arch foundation and stub foundation are the other alternative 
options for foundations. Arch Foundation can be either made of brick or stone masonry 
depending on the availability of material and the load to be transmitted. In this type of 
foundation the walls are supported on arches springing from a series of square cement 
concrete bases. The load from the superstructure is transmitted through these arches and 
distributed to the ground through the foundation bases. Stub foundation consists of a 
series of brick or stone masonry stubs resting on cement concrete hascs. At thc plinth 
level they are tied by a grade beam. Both an;h foundation and stub foundation are labour 
intensi ve and suitable for good soil conditions and low rise buildings. 

5.3.2 Walling or superstructure 

The conventional technology for walls in Kerala is brick masonry in English bond· or 

laterite masonry. Rat-trap bond masonry is an innovative and popular technological 
option in brick masonry introduced by Lauric Baker. It is like a cavity wall 
construction and has got the following peculiarities (Beeker. 1993c). 

Strength of this masonry is equivalent to standard 23 cm wall, but consumes 20% 
less number of bricks 
Good thermal comfort due to the cavity in betwccn the bricks 
Good appearance 
The overall saving cost of this wall compared to the 23 cm conventional brick wall 
is 26% 
Labour intensive technology 

• English bond is made up of alternating courses of stretchers and headers. This 
produces a solid wall that is a full brick in width. It is fairly easy to be laid and is the 
strongest bond for a one-brick-thick wall. 



Evalllation v/ Technology option.~: Kera/a 

Trap 
Bund 

Fi.~rm: 5. 1 Schematic repreJenrorion o/rut trap bond mu.wmry 
(Source: Baker, 1993c) 

1.15 

CEEF technology <il so promol..:d OIher tedmolog ical opt ions such as stahi liLcd mud 
blocks. hollow or solid concrete blocks, Ferro cement, ruhble liller blocks. interlocking 
blocks as arfordilble choices f (lT walling. 

Swbilhed mild blocks (SMB ) - Mud, sand and appropriate stabilizer (cc rncnI or lime) is 
compacted using a machine 10 form a bui lding hlock. After twenly eight days of curing, 
the stabililed mud blocks arc used for wall constrUl:tion. Major advantages of SM I3 arc 
en~rgy efli(;ie ncy (70% energy saving compared to burnt bricks), economy (20-40% 
savings in cost compared to hrick masonry) and pkasi ng appearanc..: (Reddy, 2004). 

Furo cement - Ferm cement is a composite material consisting of cement-sam.l mortar 
(matrix) rein forced with layers of small diameter wire meshes. It has wide range uf 
applicmion in housing as wall panels, mo fing channel s. tiles, trusscs, door shutters. cup 
boards, linte ls, sunshades and water tanks. Ready avai lability of material s, architeclUral 
nexibility, low level production technology and hetter utili5(ltion of availllh1e hu man 
resources arc I;onsidered as the ad vantages of Ferro cement construction. 

Hollow alld s(}lid COl/crere bl(}cks - Thes..: are th~ widely accepted CEEF technology 
walling options in Kerala. As the Ferro (;emeni products. these bl(K.:ks can also be 
produced on site without much skill and know-how. 

R'lbMe filler blocks - This is an ailcrnative technological option for superstructure 
prevailing in Kerala. Instead of coarse aggrcgmes of specified sizes using in solid 
concrete blocks, stone or brick ballasts of different si7.es according 10 their availahility 
can be used . Th~y are placed in different lay..:rs in the mould in a matri x of cement sand 
mOrlar and compacted using a mach ine. 
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Th~ scarcity of timber is a major problem making it inaccessible to the poor. Hcnce the 
present CEEF technological options in the building process in Kerala make minimum 
use of it. Timber is mainly used for the door and window openings as shutters and 
frames. Pre-east concrcte door and window frames are being used widely in Kerala as 
alternative choices. According to Baker (1993a), one square foot of window can cost up 
to ten times the cost of the simple brick or stone wall it replaces. A honey combed wall 
(jally work) can be an affordable option in many of the cases to replace a window. 

Lintels and beams are usually made of cement and steel. Very often lintel is not at all 
necessary for a door or window opening up to 1.2 m width. Ordinary bricks placed on 
edges can also serve the purpose of a lintel in that case. Brick arch arc less expensive 
and more aesthetic than concrete lintels (Baker, I 993a). 

Replacing lintels and beams with arches and corbelling is a common practise adopted 
by the CEEF houses in Kerala. Brick arches can replace beams over a span of up to 4.5 
m. Corbclling is also a type of arch in which onc brick is slightly projected (maximum 
length of projection is one fourth of the length of brick) outwards from the boltom 
coarse of bricks and this arrangement is followed to span an opening. Pre-cast 
reinforced concrete lintels can also be an alternative affordable option to conventional 
lintel. They arc usually 7.5 cm thick and 23 cm wide with 3-10 mm mild steel bars for 
openings up to 1.8 m. Use of pre-cast lintel considerably speeds up construction of wall, 
besides eliminating the work of shutlering and centring. 

Mud is the most environmental friendly sustainable building material availahle in 
almost all places. The CEEP technology initiatives in Kerala arc constantly advocating 
the promotion of mud construction as an affordable aILernalive. Adobe or sun dried 
bricks and stabilized mud blocks are the widely accepted technology in mud 
construction in Kerala. Most of thc soils available in Kerala are suitable for mud 
construction and i I' otherwise stabilizers can be used for making it suitable to the 
purpose. Lime and other local materials like straw, cow dung. sugar, molasses, tannic 
acid, coconut oil etc can be sustainable options as stabilizers based on availability. 

5.3.3 Roofing 

The scarcity of timber and the safety concerns with respect to theft and natural 
calamities diminished the popularity of tile rooling and promoted concrete fOoling 
(Table 5.1). Filler slab construction, shell roofing and other pre-cast rooling techniques 
are the popular CEEF technology options against the expensive reinforced concrete 
slab. 
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Figure 5.2 Schematic representation offiller slab lI'ilh M.P rile.r {/ .~filler material 
(Source: Bak.er. 1993a) 

Filler Slah - This roofing technique is more popular in Kerala than any other 
tcchnological alternatives due to the economical advantages and comfon with respect to 
other prevailing roofing options. They are basically solid reinforced concrete slahs with 
partial replacement of concretc in the tension wne by a filler material. Use of such filkr 
material can result in reduction in dead weigh t of rein fmced concrctc slab, savings in 
cost as well as cnergy of the roof or floor system (ReJdy ct al.. 200 I). In Kerala, 
Mangalon:: pal\ern (M. P) rooting tiks are used common ly as the tiller material. 

Pre·cast concrete funicular shells. pre·cast concrete ribbed slah and prc-cast 'L' [>:Inel s 
arc other CEEF technology option in rooling. Prc-cast 'L' panels are very economical 
and do not necd any shullcring. 
Funicular shells are douhly curved shells under thl! action of uniformly distributed 
loads. Usual size of a funicular she ll is I In xl m and weight 65 kg. These shel ls can he 

cast by si mple masonry moulds. 

Pre·ca~1 concrl!te riobed slab can he used t\lr noms, and roofs (Il at as well as sloping) in 
single and multi-storeyed bu ildings. This roofing technique requires simple shullcring. 
The overall sav ing comparcd to the. conventional rcinrorccd concrete slab is 221030% 
(North EaSt India Regional Databank). 

Tanlc 5.2 gives :l lisl of aht:rnative techno!ogical options :Ivai!ahlc in Kerala. Even 
though there is a number of sustainable options 3\"ailaole in India, only very ICw arc in 
practice in Kerala. 
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Among them also the popularity of these alternative options is not gaining that mueh 
acceptance as that of modern building practises, especially among the poor. It may be 
due to the easy availability of energy intensive building materials and the popularity and 
acceptance of modern building process. It can also be noticed that these alternative 
building materials are not being produced and made available on a scale comparable to 
that of the modern building materials (Gopikuttan, 2004). 

5.3.4 Sustainable utilization (~fwaste materials/or building procen 

The supply of cost-effective durable building materials is one of the major problems of 
technology in providing housing in developing countries irrespective of rural or urban 
areas. The establishmt.!nt of high technology building material industries in the model of 
developed countries can make only limited contribution to meet their immediate and 
future needs (UNCHS, 1988). 

Locally available waste materials can be utilized for the development of sustainable 
building materials and contribute in solving this problem to certain extent. Fly ash. red 
mud and lime sludge are the major industrial wastes utilized for the building industry in 
India. Fly ash or pulverised fuel ash is a waste product from thermal power plants where 
pulverised coal is being used as fuel. Forty million tonnes of tly ash are produced 
annually in India. Disposal of this waste product causes severe environmental problems. 
At the same time the potential of this material as an alternative building material such as 
bricks. blocks, Portland pozzolana cement. tiles. lightweight aggregates and hollow 
blocks is excellent. 

Red mud is an industrial waste produced during the production of aluminium. In India 
about four million tonnes of red mud are produced annually. The Building Materials 
and Technology Promotion Council (BMTPC) of India has developed different 
technologies for utilization of this waste material in the production of bricks, tiles. 
corrugated rooting sheets and as binder for several products like doors. panels etc. Onc 
of the greatest technological opportunities available to building material industries is 
their potential to incorporate the agricultural and industrial wastes either as raw 
materials or as fuel substitutes. thus simultaneously reducing pollution and the need for 
the extraction of new raw materials (UNCHS. 19(3). Table 5.3 gives a list of alternative 
technologies from agricultural or industrial wastes which are available in India. 

Even though there is an active intervention by the appropriate technology institutions in 
the state with strong support from thc government to promote alternate building 
materials, none of these institutions arc effectively making use of the available 
industrial or agricultural wastes in Kerala. Lime sludge is a waste product from sugar. 
paper and fertilizer industry. It can also be utilized for the production of building blocks 
and Portland pozzolana cement. Red mud and lime sludge are the main industrial wastes 
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availahle in Kerala. Rice and coconut are the major crops in Kerala and hence rice husk. 
rice straw and coir pith are abundantly available as agricultural residues. Even though 
technologies are available for utilising these wastes in building process (coir fibre for 
fibre cement roofing sheets, wall panels) as building blocks (straw bale technology) and 
pozzolanic material (rice husk ash), they are not yet introduced or widely in practise in 
the state. 

Table 5.3 Alternative building materials 

Type Of Waste Source Building Material 
(Industrial! Agricultural) 

Fly ash! Pulverized fud ash Thermal Power plant Portland- Pozzolana cement, Fly ash 
bricks, Roofing tiles 
Bricks, Tiles. Blended cement. 

Red Mud Aluminium industry Fibre-reinforced panel products. 

Sugar. Paper, Pozzolana cement 
Lime sludge Fertilizer industry Building blocks 

By product from rice Pozzolana cement 
Rice husk processing Building blocks 

Coir Pith Coir industry Building blocks 

Rice Straw Rice cultivation Building blocks 

The housing situation of Kerala and the present building practises in the state urge an 
evaluation of the sustainabiJity and affordability of prevailing technological options. 
Alternative technologies and materials were introduced in Kerala with the primary 
objective of finding affordable housing solutions. But the present housing situation in 
the state reveals that sustainahility of those alternatives has to be given more 
signi ficance than affordability alone, since none of the options can be affordahle (in the 
present as well as in the future) without being sustainable. Traditional technology in 
Kerala, based on locally available materials like wood, laterite, thatch and mud has 
given way to modern technology based on cement, steel and burned hrick in a 
comparably short period of time ranging from thirty to Iifty years. Even though the 
modern materials are more expensiw than traditional materials, their easy availability 
and popularity made the technology more popular even among the POOf. This explains 
why the CEEF technology innovations in Kerala could not compete with the modern 
building process, even though they provided many options that were more affordable. 
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5.4 Selection of building alternatives 

The selection of sustainable technological options has been done in two stages. The first 
stage employs the conceptual framework from chapter 2 for a comprehensive analysis. 
However, in the second stage, a grading of basic huilding materials and popular 
technological options based on embodied energy has been done. Basically the second 
phase of grading plays a crucial role only when two alternative score equal points in the 
first phase analysis in making the most appropriate choice. 

5.4. J Comprehensive analysis based on the conceptual framework 

This section presents a comprehensive analysis using the conceptual framework tor the 
selection of the suitahle technological options according to the requirements of Kerala. 
Fig. 5.3 is an adaptive version of the same framework in the context of sustainahle
affordahle building process. 

t\n"cp(ancc 

AW31c:ness 

Enabling Self help 
(01 deccntrali.')ed 
production) 

Su,blinohle-Afl'ord.IJle 

l:nskilled lnhour 

ACC(:SSlbiliry to 
matclial or lahour 

Matetial efficiency 

Srrength 

Durabiliry 

RdiahdilY 

Energy efliciency 

Wa~,e managcmem 

Reusable or 
Renewable 

Figure 5.3 Conceptual framework: sustainable-affordable construction 

As explaim:d earlier (Chapter 2), all four aspects of sustainable-affordable habitat are 
closely interrelated to each other (refer Fig 2.3). In the context of sustainable housing 
development, sustainable construction can be considered as synonym to technological 
sustainability. 'Sustainable' refers to the general property of a material, huilding section 
or construction that indicates whether or not specilic demands are met for affecting the 
air, water and soil qualities. for influencing the health and well being of living 
organisms, for use of raw materials and energy, and even for scenic and spatial aspects, 
as well as for creating waste and nuisance (Hendriks, 200 I). This definition clearly 
indicates the relation between tour aspects; sueh as- 'affecting the air, water and soil 
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qualities' and 'scenic and spatial aspects, as well as for creating waste and nuisance' -
refers to environmental factors (ENVF), 'intluencing the health and well being of living 
organisms' refers to both socio-cultural (SCF) and economic (ECF) factors, and use of 
raw materials and energy implies technological (TCF) as well as environmental factors. 

Socio-cultural Factors (SCF) - Technological innovations can be said to be sustainable 
only if they are accepted hy the users and arc beneficial to their well-being. Proper 
awareness of the technology is a factor which helps in making the technology 
acceptable. The materials or technology, those requiring decentralized production can 
help in enabling the users in self building and result in local level employment and 
income generation. This will improve the affordability of the technology and make it 
economically sustainable. 

Economic Factors (ECF) - Technological options which demands minImum 
infrastructure, basic resources and unskilled labour requirements improves the 
affordability of sustainahle constructions only if there is enough accessibility to material 
and labour. 

Technological Factors (TCF) - The sustainability of technological options also depends 
on strength and durability aspects and are important criterions to be ensured particularly 
in the case of materials those are locally produced. Along with this, the reliability of 
technological innovations also adds to technological sustainability. 

Environmental Factors (ENVF) - As explained through the definition of sustainahle 
construction, environmental sustainability mainly refers to the quality of surrounding 
habitat. Technological innovations can be said to environmentally sustainable only if it 
either contributes to or maintain the quality of environment rather than degrading it by 
utilizing non-renewable resources or producing materials which arc harmful to the 
environment. 

This analysis adopts a methodology based on the assumption that all the four factors of 
sustainahle-affordable construction arc having equal importance and are interdependent 
to each other. Eaeh technological alternative is gi ven a score (two, one or zero) for each 
criterion (under the four factors of sustainable-affordable construction) based on a 
qualitative comparison among the different alternatives. The total sustainability score of 
various o[1tions arc calculated as the sum of the four factors. 

Tables 5.4 to 5.6 presents the analysis of prevailing building practices in the state based 
on this methodology. Different technology alternatives for walling, roofing, type of 
mortar and other miscellaneous practises currently in use in Kerala are analysed. 
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Walling alternatives - Table 5.4 gives an evaluation of the different walling alternatives 
prevailing in Kerala. Among the various alternatives, laterile wall masonry has the 
highest value of suslainability. Hence laterite can be suggested as the most sustainable 
option in places where they are locally available. Hollow and solid concrete block 
masonries also have fairly good scores next to laterile masonry. Even though the CEEF 
technology options like soil stabilized mud blocks and rubble filler block had maximum 
scores in technological and environmental factors, their total sustainability is 
comparatively low or nearly equal to that of hollow and solid concrete block masonry. 
This is attributed to their lower scores in socio-cultural factors as compared to other 
alternatives. In the same way, the lowest sustainability values of socio-cultural factors 
and economical factors of rat-trap bond masonry compared to other brick masonry 
options in Kerala making it unsustainable and unaffordable, even though it has many 
technological and environmental advantages over other options. These examples show 
that the economical sustainability of a technology or material is closely linked to the 
socio-cultural factors. 

Table 5.4 Sustainability analysis of prevailing technology options for walling: Kerala 
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Roofing alternatives - Table 5.5 presents the evaluation of the different rooling 
alternatives. Mangalore pattern rooling tiles with wooden raners has proved to be the 
most sustainable rooling option among the prevailing alternatives. The CEEF 
technology alternatives like filler slab and shell roofing has comparably lower 
sustainability values against their maximum scores in technological sustainability. This 
owes to the lower sustainability values in socio-cultural factors (compared to reinforced 
roofing slab), economic factors and environmental factors (compared to thatch and 
Mangalore pattern roofing tiles). 

Table 5.5 Sustainability analysis of prevailing technology options for roofing: 
Kerala 
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Table 5.6 presents an evaluation of miscellaneous building alternatives for the 
sustainable choice of mortars and other CEEF technology options in the building 
process. 

Binder material - Mud is the traditional binding material from the age old days in India. 
Sustainability analysis also indicates it's potential as an excellent building material with 
a highest sustainability compared to the other prevailing options. Cement, the most 
popular building material has fairly good score for socio-cultural factors and maximum 
values for technological factors, But its cost and energy intensive production methods 
are making it least sustainable among the other alternatives. 

Miscellaneous options - Exposed brick work with brick arches is a symbol of CEEF 
technology buildings in Kerala. Along with these two, the use of pre-cast reinforced 
concrete door and window frames and filler slab rooting is also a common feature of the 
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CEEF houses. The sustainability values in soeio cultural factors for these alternatives 
give an indication of the popularity of CEEF technology in Kerala. Reinforced concrete 
door and window frames are widely popular in Kerala as an affordable alternative 
compared to conventional wooden frames. The possibility of decentralised production is 
also an added advantage making it affordable. At the same time, the difficulties in 
getting the expert labourers and proper know-how about the other technology 
alternatives over the prevailing technologies make them less acceptable and affordable 
to the uscrs. 

Table 5.6 Sustainability analysis of miscellaneous technology options: Kerala 
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5.4.2 Grading of building components hased on embodied energy 

This part of analysis makes a grading of basic building materials and popular 
technological options based on embodied energy. Sustainable housing development 
requires materials and technologies which have less impact on the environment. Human 
activity has increased the levels of certain greenhouse gases in the atmosphere resulting 
in global warming. Greenhouse gases include water vapour, carbon dioxide, methane, 
nitrous oxide, troposphere ozone and chlorotluorocarbons (CFCs). Of these gases CO2 

is the most important by-product of the building material industry. Several studies have 
been done to identify and solve the implications of building materials industry on the 
environment due to emission of carbon dioxide, dumping of waste materials and 
excessive energy utilization during the production, processing and transportation of 
building materials. Construction activity contributes I Y!o of the carbon dioxide 
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emission in India (Tiwari, 2001). The major energy intensive huilding materials, namely 
steel and cement are readily availahle in all the corners of the state, even though they 
need to be transported over large distances from the place of their origin. Extensi ve use 
of these materials can deplete the non renewable resources and adversely affect the 
environment. At the same time it is difficult to meet the alarming housing needs by 
adopting energy efficient traditional materials alone. Hence there is a need for optimum 
utilization of available resources and raw materials to produce environmentally friendly 
sustainable affordable alternatives (Reddy, 2004). This necessitates the choice of 
huilding alternatives based on emhodied energy. 

The total energy use during the li fe cycle of a building is an important concern and the 
embodied energy forms a considerah\C part (40%) of the total energy use in low energy 
residential buildings (Thormark, 2002; Chen et aI., 200 I). It is the energy that is used to 
extract, process, manufacture and transport building materials and components, and can 
he taken as an important index on measuring the sustainahility of building alternatives. 
But the value of embodied energy for different materials varies from one country to 
another depending on the source of energy used for manufacturing. The indirect energy 
use in a residential building through the energy content of the materials of construction 
in India is about 3-5 GJ/m2 of !loor area, whereas the same indicator for an office 
building in Japan is 8-10 GJ/m2

• The higher value in Japan can also he attrihuted to the 
use of more energy intensive mechanised construction activity (Dehnath et aI., 1995). 
Chani et al. (2003) has calculated the emhodied energy rates (EER), i.e., the embodied 
energy needed per unit area of different walling elements in India. Their analysis shows 
that traditional bricks whieh are most widely used for walling in India prove to he the 
worst choice with respect to energy input. The study of Reddy and Jagadish (2()()J) on 
embodied energy of available building alternatives in India also gives an insight into the 
selection of different huilding alternatives. 

Among the hasic building materials, aluminium is the highest energy intensive material. 
Steel and cement, the most widely used building materials for house construction are 
also energy intensive in nature. Li me pozzolana can be a better alternati ve to replace 
cement in this respect (see Appendix 5.1, Table I). All the renewablc materials and 
waste products which are being used as building alternatives are the most sustainable 
choices with respect to energy (zero energy). 

The environmental suitahility study for walling materials in Sri Lanka conducted by 
EmmanucI says that environmental suitability is a relative phenomenon and hence it is 
only possible to say that one material is either better or worse than another material 
rather than linding the best material (Emmanuel, 2004). The principle of DCBA method 
for the evaluation of building materials is also the same. Here also a comparative 
analysis has heen done to identify the sustainahle building materials. The letters show 
how environmental friendly an alternative is. In this method D = the normal (current or 
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conventional) situation, C = correct the environmental damage of the normal situation, 

B = Limit the environmental damage to a minimum, A = autonomous situation with 
little or no environmental damage (Duijvestein, 200 I). The scope of DCBA method has 

now heen extended to economic and social aspects of sustainahility from the initial 
(;Oncern on environmental aspects. The principle of 'PAGE' analysis used in this 
research for grading different materials based on embodied energy is also similar to 
DCBA method. 

'P' refers to Poor; for highly energy intensive materials, 
'A' refers to Average; moderate energy, 
'G' refers to Good; low energy, and 
'E' refers to Excellent; for zero or minimum energy material (moslly renewable). 

'PAGE' is only used as additional check in the comprehensive analysis using the 
framework and is only used in situations when two alternati ves carry equal scores in the 
main analysis. 

Table 5.7 to 5.9 shows a comparative grading of different building components based 
on embodied energy. The values of embodied energy used in this grading arc taken 
from the works of Chani et al. (2003) and Reddy et al. (2001). It is disappointing to see 
that the most popularly used traditional brick masonry with cement mortar is the worst 
choice in terms of embodied energy (Tahle 5.7). Hollow concrete block masonry 
(40x20x20) is the most appropriate selection from the prevailing alternatives. 

Tahle 5.7 PAGE' grading based on embodied energy of different walling 
elements 

Walling elements with Embodied energy in MJI m~ 
(Dimensions in cm) Cement Composite mortar 

mortar cement: lime: sand 
(1:6) 1:1:6 1:2:9 

Traditional Rrick 615 638 621 
22.9X IIAX7.6 P P P 
Modular Brick 539 562 548 
20XIOXIO P P P 
Hollow Concrete Block J48 365 353 
40X20XIO A A A 
Hollow Concrete Block 193 204 195 
40X20X20 G G G 
Solid Concrete Block :lOO 312 JOJ 
30X20XI5 G A A 

P (foor) - 450 MJ/m2 and above A (Average) - JOO to 450 MJ/Jn2• 

G (Qood) - ISO to 300 MJ/n/; E (I:;xcellenl)- Below 150 MJ/m2 
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Table 5.8 'PAGE' grading based on embodied energy of different roofing 
elements 

Embodied energy in 
Roofing elements MJ/mz PAGE grading 

Energy I mZ 

of plan area of roof 
Reinforced cemenl concrele slab 730 P 

5MB tiller slah roof 590 P 
RC ribbed slab roof 491 P 
Composite brick panel roof 560 P 
Burnt clay brick masonry vault roof 575 P 

5MB masonry vault roof 418 A 

Mangalore tile roof 227 G 

Ferro cement roof 158 G 

P (foor) - 450 MJ/m- and above; A (Average) - 300 to 450 MJ/m-; 
G - I SO 10 300 MJ/m2

, E (Excellent)- - Below 150 MJ/m2 

Table 5.8 presents a list of different roofing elements with their PAGE grading. Frorr 
the available options, Ferro cement roof (grade G) is the most sustainable option witt 
the lowest embodied energy. Reinforced cement concrete slab is the most energ) 
intensive choice (grade P). Unfortunately it is the popularly used rooting technology ir 
Kerala. Among the other available alternatives Mangalore tile rooting (grade G) can bt 
suggested as a sustainable alternative. 

Table 5.9 'PAGE' grading based on emhodied energy of different types of 
mortars 

Type of Mortar Embodied energy in PAGE 
MJ/m3 grading 

Cement mortar (I :6) 1268 P 

Cement mortar (l :8) 1006 P 

Cement soil mortar 849 A 
Cement :soil :sand (1:2:6) 
Cement pozzolana mortar (I :6) 918 A 
[Cement :pozzolana- .8:0.21 
Cement pozzolana mortar (I :8) 736 G 
[Cement :pozzolana - 0.8:0.2] 
Cemenl soil mortar 773 G 
Cement :soil :sand (1:2:8) 
Lime pozzolana mortar (I :3) 732 G 
I Lime :pozzolana- 1:21 
P (foor) - 1000 MJ/m and above, A (Average) - 800 10 1000 MJ/m 
G - 500 to 800 MJ/m3 and E mx.ecllent)-- Below 500 MJ/m' 
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Cement mortar is the most widely accepted and popularly using technological 
alternative in Kerala among the other options of this kind. But in terms of emhodied 
energy it is the most unsustainable choice. Table 5.10 presents a list of different types of 
mortars with their PAGE grading. Lime pozzolana mortar (grade G) is the sustainable 
alternative in terms of embodied energy. 

5.5 Sustainable alternatives: specific considerations in the context of Kerala 

The results of the sustainability analysis can be used as a guideline for the selection of 
suitable technological options according to the peculiarities and requirements of Kcrala. 
The ensuing text discusses the various factors which contribute to the suslainability of 
technological options in the context of Kerala. 

Acceptance, awareness and feasibility of technological options can he considered as the 
basic criteria for socio-culLural sustainability. The un-sustainability or rat-trap bond 
masonry among the other brick masonry options gives a clear understanding of the 
importance of socio-cultural factors in sustainable technology. Rat-trap bond masonry 
has several advantages compared to English bond (most popular brick masonry 
alternative in Kerala) masonry. But the unawareness of technology and the poor 
acceptance make it less preferable to the users. This is the same case with tiller slab; an 
affordable alternative to roofing when compared with the popular reinforced cement 
concrete slab. This also gives an indication to the relation between economic factors and 
socio cultural factors. Both the above mentioned technologies are considered to be more 
cost effective than their present popular alternatives, hut the un-sustainability in socio
cultural factors makes them less affordable in practice. Along with this the increasing 
popularity of a few other CEEF technology alternatives (hollow or solid concrete 
blocks. pre-cast door and window frames) show the significance of decentralised 
production in enabling self-help or mutual help to improve the feasibility. 

The relation between socio-cultural factors and atfordability of certain CEEF 
technology options was explained in the previous section. An exception to this can be 
seen in the case of locally available alternatives like thatch and mud. Even though they 
have poor acceptance and inferior image (for thatch roof), their local availability in 
Kcrala make them economically sustainable. This is also true with reinforced concrete 
slab rooting. Filler slab roofing is considered to be more material efficient, comfortahle 
and economical than reinforced concrete slah. But in practice the poor awareness on this 
technology and availability of skilled labours make it less affordable to the users. 

Although most of the appropriate technology experts advocate labour intensive 
technologies as sustainable options in less developed economies, the situation in Kerala 
is different. This can be clear from the less affordability of rat-trap bond masonry. Even 
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though there is a considerable saving in material usage, this technology is found to be 
economically unsustainahle in Kerala due to its labour-intensive nature. Hence 
sustainable construction in Kerala demands minimum lahour cost and infrastructure, 
unskilled labour and accessibility of resources. It also demands innovations in 
renewable resources to make locally available materials sustainable. This can be 
supported by the poor technological sustainability of thatch. Even though there are 
technologies availahle to improve the durability of thatch, none of them is popular or 
even known to the real users. 

The evaluation of the prevailing technological alternatives in Kerala points to the 
importance of effective policies for the dissemination of technological innovations to 
the real users. Also the evaluation points towards the need for innovative technological 
options from renewable resources. 

The following points can be taken as guidelines for the selection of new alternatives: 

Alternative technological options shoiJld he capable of being produced locally 
using decentralised production methods and with utilisation of local resources 
(materials and manpower). 
The alternative technological options should he able to prove their advantages over 
prevailing options within a reasonable time period. (This could help in improving 
their acceptance and popularity). 
Technologies which demand minimum infrastructure, local resources and know
how with unskilled and less labour intensive nature should be popularized. 
Locally produced environmentally friendly alternatives in the building process 
which utilize local waste materials, renewable or reusable materials and less energy 
intensive technology should be promoted. 

5.5.1 Choice of sustainable technology options 

The above discussion based on the results of sustainability analysis on the building 
options in Kerala suggests the utilization of locally available renewable materials in the 
building process. From the analysis in the previous section it became clear that laterite, 
the locally available material, is the only present sustainable option for walling. 
Although, latcrite and lateritic soils cover around 60% of the total geographical area of 
Kerala, there are places where latcrite is not available. Hollow concrete block is the 
obvious option in such places. A renewable building alternative from local resources as 
walling option can he a good choice for affordable housing. Suzuki et a!. (1995) and 
Andrew et a!. (1994) have studied the implications of building construction on 
environment in the context of Japan and New Zealand respectively. Both agree that 
construction of wooden houses has less impact on the environment than with any other 
type of house, since wood is a renewable resource. 
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The slraw bale construction (SB) might be an appropriate alternatiVl: in the context of 
Kerala, where rice straw is available as a local waste in most of the places. Along with 
rice straw, rice husk is also a waste product from the paddy fields. The potential of rice 
husk ash (RHA) as a cement replacement material is excellent. Utili7.ation of both SB 
and RHA in the building process will be more promising in another way if it can 
accelerate the paddy cultivation, as this is an immediate necessity in Kerala for the 
balancing of local ecosystem. Deelining paddy cultivation is a growing concern in the 
stale, as it results in many of the environmental problems. The area and production of 
rice which was steadily increasing till the mid seventies had to succumb to economic 
pressure due to the promotion of cash crops like rubber, banana, and tapioca and also 
due to the growth of the construction sector. These factors also support the necessity of 
linding out more value added products from paddy fields other than rice to retain the 
environmental balance and protect the natural ecosystem. 

5.5.2 Susrainability analysis/or flew technology options 

Since straw bale construction and rice husk ash pozzolana are pioneers in the building 
process of Kerala, the criteria used for socio-cultural factors and economic factors in the 
previous section cannot be employed directly. Among the criteria for socio-cultural 
factors, awareness of technology options can be taken as a measure only if the 
technology is known to the public, but these two are purely new technology in the 
context of Kerala. The same is the case with 'availability of labour' criteria in 
technological factors. Acceptance of technology is also a criterion that is connected with 
awareness. But in this analysis acceptanu: is measured as the ability of the technological 
options to prove their advantages over prevailing options within a reasonable time 
period. 

Table 5.10 presents an evaluation of the two selected alternatives using the framework. 
This has been done using the same methodology as in the previous section. 
Comparative values were assigned with respect to the popular technological options 
(hollow block and cement) in Kerala. 

The results establish the sustainability of these alternatives in the building process of 
Kerala. The two sustainable-affordahle alternatives proposed for rural building 
applications in Kerala are: 

Rice husk ash (RHA) Pozzolanas 
Straw bale (SB) construction 

Alternative option for cement 
Alternative technique for walls 

However, with respect to the behavior of straw bale walls in the climate of Kerala only 
limited knowledge is available. Kerala falls within the realm of tropical climate and 
dominant feature is monsoon with an average rainfall of 3100 mm. Even though the 
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examples of the 1938 hale mansion in Huntsvillc, Alabama and a 1978 building near 

Rockport, Washington (an area reported to receive about 1900 mm of annual rain) 

supports the durahility of SB walls in rainy seasons; it is necessary to prove the 

durability and gain reliability before introducing this technique to the puhlic. Basic 

details on straw hale construction, its advantages and few examples of projects are 

presented at the Appendix 5.2 of this chapler. 

Table 5.10 Sustainability analysis for new technology options: Kerala 

Technological options Straw bale Rice Husk Ash 
construction P07.zolana 

Socio-cultural Factors (SCF) 2 2 
Acceptance 
Self help or decentralised production 2 2 
Total score SCF 4 4 
SCFin % 100 100 

Economic Factors (ECF) 2 2 
Infrastructure 

.-

Unskilled lahour I 2 

Local materials 2 2 

Less labour intensive 2 2 

Total score ECF 7 8 
ECFin % 88 100 

Technological Factors (TCF) I I 
Strength 
Durability 1 I 

Reliability 1 I 

TCF J 3 
TCFin % 50 50 

Environmental Factors(ENVF) 2 2 
Energy 
Waste management 2 2 

Utilisation of renewable resources 2 2 

Total score ENVF 6 6 

ENVFin % 100 100 

Aggregate score (100) 8S 88 
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5.6 Conclusion 

The analysis of tht: major technological options in Kerala gives a better overview on the 
sustainahility of the present building process in the state. Among the present 
technologies, traditional huilding technology with latt:ritc walls, Mangalort: pattern tile 
roofing and mud mortar is found to be tht: most sustainahle technological option for 
affordable housing in Kerala, where laterite is locally available. Locally produccd 
hollow concrete block masonry can be suggt:stt:d as an altt:rnatiw tt:chnological option 
to replace lateritt: in other plact:s. This choice of building alternatives has bet:n made 
from the prevailing popular tt:chnologies in Kerala. At the same time, we could not 
consider the potential of CEEF technology options like rat-trap bond masonry, adobe, 
soil stabilized mud blocks, rubble filler block, filler slab and shell rooling due to their 
comparatively poor scores in socio-culLural sustainability and economic sustainability. 

None of the technological alternatives could be affordahle in practice, if it has not 
enough support and acceptance from the society. Hence dissemination of technological 
innovations is a must to makc it acceptable, feasible and there hy affordable to the users. 
This can be attributed to the present inferior image of CEEF technology against modern 
or prevailing energy intensive building process in Kerala. 

The evaluation of present building process in Kerala also point towards the need for 
alternative technological options utilizing locally available agricultural and industrial 
wastes to replace energy intensive technology. Locally available materials, especially 
wastes, significantly reduce the consumption of energy and secondary resources needed 
for extraction, processing, fabrication and transportation. Straw bale (SB) and rice husk 
ash (RHA) are promising in this regard. In Kerala, straw and rice husk arc abundantly 
available as agricultural residues. Promoting lhese two alternatives in building industry 
can certainly contribute in realizing the dream of "shelter for all" and lead to sustainahle 
future. 
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Appendix 5.1 

Table I Emhodied energy of hasic building malerials 

Basic building materials Embodied energy 
MJlKg 

Aluminium 237 

Structural Steel 42 

Cement 5.85 

Lime 5.63 

Lime pozzolana 2.33 

Bricks 1.4 

Laterite 0 

Sand 0 

Rubble 0 

Fly ash 0 

Rice husk ash 0 

Straw 0 

Mud 0 
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Appendix 5.2 

Straw bale (S8) construction: A sustainable walling option 

This techn ique has not been introduced in Kerala so far. But the ecological and 
environmental signilicance of straw bale along wi th the plenty avai labilit y of rice straw 
in the state supports the sustainahility of straw bale construct ion as an affordahle opt ion 
for housing in Kerala. Straw is a viable and renewable building alternative, plentiful and 
cheap. It is the plant structUTl! hctween the rOOI crown and the grain head. The internal 
structure of a single straw is lubular. tough and it contains cellulose. bcmi-celluloses. 
ligni n and silica. Tt has high tensile strength also. 
Straw bale construction is basically a wall system in which hales of straw arc stacked 
up, pinned together. capped hy an assembly III hear and distribute the roof load and then 
plastered with cement . lime, mud , ur other m3teriIJis to protect the hales. Properly 
constru\.·ted and maintained. straw bale wa lls. with cxterior and interior plaster. remain 
waterproof, fire resistant and pest free. Environmentally . ecunomically and in terms of 
efficiency, straw bale houses olfer many advantages. HuweVl:r, careful allenlion to 
details duri ng and after construct ion is crucial in order to avoid moisture problems. 
Providiog proper site drainage is the most important factor for longevity. 

Type of hall!.f 

Bales are rectangular compressed blocks of straw. bound by slri ngs or wi re!>. Straw 
bales come in all shapes and sizes. Rectangular bales art! the only bales suitahle tilr 
huilding. Thrt:e string bales (5X5 x 405 x 1070 mm) com mon ;n western USA has an 
averagt! wt!ight of 29 kg. The two string bales (460 x ~50 x 920 mm) which are 
common in the rest of USA and most of the world are easier to handle and has a weighl 
ranging from 15 to 19 kg. 

FiX!lre I Three and two string bales (source:hf,p:!/blliidillggreetl.(;om) 
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Besides these traditionally sized bales, big jumbo bales are also becoming popular. 
They are basicall y available in two sizes. The real jumbo is 1200x760x2400 mm and the 
mini-jumbo is 800 mm wide and available in various lengths and heights depending on 
the bailing machine use.d. The jumbo bales are appropriate for bigger industrial 
buildings where they show definite advantages due to the ir high load carrying capacit y 
of up to 1000 kg !bale for the 1200 mm wide variety. Machine handling is onl y possible 
due to their weight. Greater stability and the bigger size of jumbo bales compared to the 
conventional bales fa vors rapid and easy construction. 

S8 building te<:hniques 

Basicall y there are two main construction methods: 
Load bearing bales 
Non-load bearing bales 

Load bearing (structural) bales 

Load bearing bale walls are most suited to smaller bui ldings not taller than two stories. 
The bales are stacked like bricks with the joints staggered . Traditionally the stacked 
bales are pinned by driving wooden or bamboo stakes vertically through the bales to 
increase stability during construction. Some fo rm of pinning is still quite common but 
now mostly in a form of external brac ing using wood or bamboo. A roof plate bond 
beam is placed on the topmost course of bales. This bond beam is tied down to the 
fou ndation using pre-inserted (under the foundation) packaging slTaps or heavy duty 
fencing wire. The straps are tightened down to pre-compress the bales (roughly 4%). 
The plaster adds significantly to the slTuclUral integrity of the wall system. 

Figure 2 Structural bales 
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The straw bale wall is a structural sandwich where the plaster takes the load and the 
bales act as stiffener for the plaster. In the load bearing technique the bales function as a 
fully load bearing wall system. It is recommended to keep the openings for windows 
and doors less than fifty percent of the IOtal surface area of the wall and the unsupported 
wall length less than 6m. 

Post and Beam (P&B) or Non- structural bales 

This technique is more appropriate for the construction of large structures. In this case, 
the structural loads are taken by the posts and beams of the framed structure and the 
straw bales act as in fill material only_ Preferably the bale walls are either placed on the 
outside of the wooden P&B structure or within, thus simplifying the construction by 
avoiding complicated interfaces between the wooden structure and the bales. The bale 
walls are attached to the beams to create some form of rigidity. The bale walls with 
plaster finish onl y form the wall membrane and have to carry its self -weight on ly. 

Figure 3 Non-Structural bales 

Other building methods using straw 

• Straw-clay building 

Clay and water are stirred and mixed with loose chopped straw to form a straw 
reinforced clay matri x. This technique has been and is sti ll in use in different countries 
especially in Europe but also in other continents. Depending on the country the 
technique has different names like cob (UK and India) and Leichtlehm (Germany. 
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Austria) etc. Earlier the mixture was packed in to a double-sided wooden form hetween 
heavy posts and heams of timber frame buildings. The current practice is to use 
lightweight wooden ladder frames thus vastly reducing the amount of wood required. 

• Mortared bales 

Mortar made of Portland cement and sand is applied between the straw bales. This is 
plastered on the exterior and interior surfaces to protect the bales. This technique has 
now almost been discontinued because the mortar joints form cold bridges between the 
straw bales, result in condensation and leads to the decomposition of the straw bales. 

• Pressed straw panels 

Straw is compacted under controlled temperature and pressure. The resulting panels 
can he used for walls as well as roofs. These panels arc not used for exterior 
applications but only for partition walls and for ceilings. The application is mainly due 
to the good acoustic property of the panels.' 

Construction and Practical issues 

Humidity and Moisture 

SS buildings are capable of surviving humid climates, only if proper attention has been 
given in preventing condensation before and during construction. Following points 
should be noted. 

Moisture content in a bale should not exceed 15% of its dry weight. 
The tops of bale walls, exposed horizontal surfaces (e.g. window sills) and joints 
with wooden frames must be carefully scaled and designed to drain orf moisture. 
Extra care should be given to store and protect the bales from the field of origin to 
the completion of building. Straw left in a moist, aerobic environment (above 20% 
moisture content) supports the growth of fungi leading to the decay of the straw. 
The stacking of bales should be carefully done to prevent this. Bales may be 
stacked near to the place of construction on palettes or lumber to keep them 
adequately raised by 15 to 20 cm above ground level. If the ground is wet, the 
bales must be protected from rising damp by a plastic cover directly on the ground 
leaving a well ventilated air gap between the bales and plastic. Make the bale stack 
tall and narrow rather than nat and wide to minimize the nat area exposed to sun 
and rain and inen:asing 'hl~ ahility for good ventilation. The top of the stack should 
be peaked or fOunlicJ to case water run off. 
Ensuring the permeability of wall surfaces for preventing condensation is an 
important measure to avoid the decay of bales after it has been constructed. 
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The SB house built without foundation and without exterior plastering with hales placed 

over plastic put on the ground, near Tonasket, Washington in 19X4 has no apparent 

deterioration of the bales. This indicates the importan<.:e of drying out of hales and 
breathing (Steen et aI., 1994). 

Fire 

Plastered straw hale walls are less of a lire risk than traditional timber framed walls. The 

American So<.:iety for Testing and Materials fire tests conducted on plastered straw hale 

wall assemhlies in Alhuquerque and California shows a high resistance to tlame spread 
and tire resistan<.:e. ASTM E-119 fire testing in New Mexi<.:o found that a plastered, 450 

mm straw bale wall survived lire penetration in excess of two hours, after whi<.:h the 
flame source was discontinued; even non-plastered wall survived for 34 minutes (EBN, 

1995). The National Resear<.:h Coun<.:il of Canada also tested plastered straw hales for 
fire safety and found performance better than conventional building materials. Tt is 
found that the plastered surfa<.:e withstood temperatures of about 10 I (t C for two hours 

before devc\oping cracks. These findings are also supported by real life experiences in 
the field. Plastered straw bale structures have survived wild fires where wooden 

buildings burned to the ground and steel melted. The hasis for this extraordinary 
performan<.:e is that straw bales hold enough air to provide good insulation value, but 
he<.:ause they are compa<.:led firmly, they do not hold enough air to permit combustion. 

Stackin~ and pinning 

Bales of load hearing walls must he laid flat and stacked in running bond with each bale 
overlapping the two bales heneath it. Whereas for non-load bearing walls bales are laid 

either flat or on edges. The first course of bales must be laid by impaling the bales on 
vertical stakes extending from the foundation. Only full-length bales may be used at 
corners of load hearing walls. 

Advantages of Straw bale construction 

Straw bale constru<.:tion has several advantages over other conventional building 
practices. They are discussed below. 

Significant savings in energy use 

Straw bales as huilding materials enable a signifi<.:ant redu<.:tion in energy consumption. 
It can he achieved in two areas. 

Energy used to make it available as a building material (embodied energy) and 
Reducing residential energy consumption for either heating or cooling. 
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Based on the experience of the first attempt, a second building was constructed in the 
year 1998. Instead of casuarinas poles, steel rods were usi ng for that building. Pre
compressed straw bales were used instead of hand pressed straw and chicken mesh. 
Reinforced concrete r~r was constructed wi th 6 mm chips and straw bales were 
covered over the roof with chicken mesh and lime plaslered. 

Figure 5 SecolUl SB building, Trichy, India 

Both these SB buildings could effectively wi thstand a I m high fl ood that lasted for 1.5 
days wi th out any problem. 

Examples/rom the Netherlands 

In the Netherlands, the first Straw bale building was constructed during the period of 
1944-45 by the architect W. Gubbels. The choice for straw bales was based on the 
limited availability of other building materials in the aftermath of Second World War. 

Ouwerkerk - The first SB house built with a permit in the Netherlands was in the year 
1998 at Ouwerkerk. It has got the following specifications. 

Non load bearing straw bales 
Lime plastering outside 
Inner walls made of adobe 
Wooden nooring 
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Figure 6 S8 house Ouwerkerk 

Warns • This is a residential building combined with a boat workshop with the 
fol lowing speci fications. 

Strip foundation 
Non-load bearing straw bales 
Mud plaster 

Figure 7 S8 building in Warns (picture during construction in 2003 October) 
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6 RICE HUSK ASH POZZOLANA 

6.1 Introduction 

This chapt~r aims to id~ntify a sustainable affordable alternative to replace (partially) 
cement for the primary building applications in rural areas. Rice husk contains large 
amounts of silica. Upon combustion of the husk, ashes consisting of amorphous silica 
are formed which are targeted as a supplementary cementing mat~rial on mixing with 
lime or cement. This chapter discusses the properties of rice husk ash samples produced 
from different types of field ovens to compare the performance of th~ ovens and to 
identify the most feasible method to produce reactive pOLZolana. Different types of 
ashes are produced and long-term strength of rice husk ash pozzolanas with lime or 
cement is investigated. The strength of mortars produced from the rice husk ash samples 
from the field ovens and pOlzolanie characteristics of the corresponding ashes arc 
compared with those produced from the optimum conditions in the laboratory to make a 
worthwhile selection among the type of ovens. 

There are various factors that gov~rn the reactivity of rice husk ash (RHA) as a 
pozzolanic material. A detailed characterization of ric~ husk ash samples as a function 
of combustion conditions has been conducted to identify th~se factors, discuss the 
existing controv~rsies on the formation of crystalline phases of silica during the 
incineration and hence to optimize the conditions for the production of a p077.0lanically 
reactive ash from rice husk. The lab research has been actually done to judge the results 
of ash sampl~s from the different field incineration arrangements. 

Why to repwce cement? 

Conv~ntional modern building materials are beyond the reach of the majority of the 
world population du~ to their poor affordability (UNCHS, 1993). Besides the escalation 
in the cost of building materials, rising environmental concerns due to the extensive 
exploitation of natural resources connected with construction and other housing 
development activities urge the search for alternative technological options. Cement, a 
vital material for construction activities, is a major contributor to global carbon dioxide 
emissions. Each lonne of Portland cement produced releases approximately the same 
quantity of carbon dioxide (Worrel et aI., 20(1). Environmental implications from 
cement industry can be grouped under excessive energy consumption, emission of 
greenhouse gas~s and dust pollution of the atmosphere besides the degradation of min~d 
areas. The manufacturing process of cement is highly energy intensive and is onc of the 
most energy engrossing s~ctors within the Indian economy. Therefore it is of particular 
interest in the context of hoth local and global environmental discussions. The energy 
consumption by the cement industry is estimated at about 2% of the global primary 
energy consumption, or almost 5% of the total global industrial energy consumption 
(World Energy Council, 1995). 
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Inneased emission of greenhouse gases like methane and carbon dioxide is thus a major 
concern connected with the cement industry. 5% of global carhon dioxide emissions 
originate from cement production (Hendriks et aI., 2004). According to the World 
Resource Institute 4% of the total CO2 emission in India is from cement industries. 
Cement-related greenhouse gas emissions originate from fossil fuel comhustion at 
cement manufacturing operations (about 40% of the industry's missions); transport 
activities (ahout 5%) and the combustion of fossil fuel that is required to make the 
electricity consumed during the production of cement (ahout 5%). But the major part of 
emission (about 50%) originates from the manufacturing process that converts 
limestone (CaCO.l) to calcium oxide (CaO), the primary component of cement 
(Humphreys et aI., 2002). The dominant use of carbon intensive fuels like coal also adds 
to the increase in emissions of CO2• 

Dust emission is yet another problem related to cement manufacturing starting with 
quarrying of raw materials to the packing of finished products. The limestone mining 
area spread over 600 to 1000 acres of land is regularly subjected to various operations 
like drilling, hlasting, crushing of limestone resulting in heavy dust emission, along with 
affecting the natural ecosystem. Besides the ~nvironmental problems, ordinary Portland 
cement is also expensive and unaffordahle for a large section of the Indian population. 

Rice husk ash pozzolana; A sustainable alternative for cement 

About 50% of the Portland cement used in building construction is consumed for 
primary construction applications such as masonry and plastering. The strength 
requirements in such huilding processes are of the order of 4.0 MPa, while Portland 
cement is ideally suited for applications with strength requirements in excess of 15.0 
MPa. According to lagadish et al. (1988) pure Portland cement mortars are stiff and 
lack the plasticity that is very much needed in masonry construction. Lime-pozzolana 
cements can replace Portland cement in such cases with beller performance. Pozzolanas 
arc materials containing reactive silica and/or alumina, which although not cementitious 
by itself, will combine chemically with lime or cement in presence of water to form a 
strong cementing material. Granulated blast furnace slag, powdered bricks and tiles, 
hurnt clay, furnace clinker, fly-ash and agricultural wastes (plant ashes) arc the 
commonly used pozzolanas. 

Plant ashes having high silica content arc suitable as pozzolanas. Many plants during 
their growth take up silica from the earth. When plant residues arc burned, organic 
material is hroken down and disappears as carbon dioxide, water vapour etc. The 
remaining ash contains inorganic residues, notably the silica. Examples are rice husk 
ash, rice straw ash, hagasse ash etc. Of all plant residues, the ash of rice husks contains 
the highest proportion of silica. 

Rice husk is an agricultural waste, which constitutes ahout one fifth of the 400 million 
tons of paddy produced annually world wide. India constitutes 22% of the world rice 
production. The percentage of rice husk from rice varies due to growing conditions such 
as season, temperature, methods of production, location and also on milling process. A 
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small proportion of this waste material is used as a fuel, for chicken litter, or as cattle 
fecd hut generally it presents a big disposal problem in rice growing countries. But in 
Kerala rice husk is widely used as fuel for parboiling' operations in rice mills. Hence 
the usage of rice husk along with utilising its fuel value will be a more sustainable 
solution in Kerala. 

Rice husk contains nearly 20% silica in hydrated amorphous form. On thermal 
treatment, the silica converts to cristobalite, the crystalline form and which is not at all 
reactive. However under controlled conditions, amorphous silica with high reactivity is 
produced (Mehta, 1978, Chandrasekhar, et aI., 20()}). RHA pozzolanas arc produced by 
blending finely ground RHA with either lime or cement. Similar to ordinary Portland 
cement paste, calcium hydroxide (Ca (OHh) and calcium silicate hydrates (C-S-H) arc 
the major hydration and reaction products in the RHA paste. Because of the presence of 
reactive silica available in RHA, the paste incorporating RHA had lower Ca(OHh 
content than ordinary Portland cement paste (Zhang et aI., 19tJ6). 

This research is an attempt to develop a sustainable affordable alternative from rice 
husk ash to replace (partially or fully) cement for the primary huilding applications in 
Kerala. However, the economical aspects for the bulk production of rice husk ash could 
not be considered. Along with hulk production, utilisation of the fuel value of rice husk 
can further improve the affordability of RHA pozzolana (Yogananda et aI., 1(88). It has 
heen suggested as the next phase of this rl!search. Succeeding sections deal with the 
details of laboratory research and field research. 

6.2 Literature review 

The use of RHA in concrete was patented in the year 1924 (Stroeven et aI., I tJtJtJ). In the 
conversion of rice husk to ash, the combustion process removes organic matter and 
leaves a silica rich residue. Several studies have been done on rice husk ash to identify 
the crystallization temperature and crystalline phases of silica (Ankara, I tJ76; Mehta, 
1978; Yeoh et aI., 1979; Ihrahim et aI., 1980; Hamad et a!.. 1981; lames et aI., 19K6; 
Hamdan et aI., 1997; Paya et aI., 2001; Chandrasekhar et aI., 2003; Nehdi et aI., 2(}()3). 
The relative proportions of the forms of silica in the ash depend on hoth the temperature 
and the duration of burning. Along with this, the combustion method is also an 
important factor that governs the reactivity of rice husk ash. 

There is a considerable controversy regarding the temperature and duration of burning 
at which the silica converts from amorphous form to crystalline during combustion of 
rice husk (Bui, 2001). Up to 1972, all the researches were concentrated to utilise ash 
derived from uncontrolled combustion. But Mehta (l97X) established that a highly 
reactive ash can he produced hy maintaining the comhustion temperature helow 500"C 
under oxidising conditions for a relatively prolonged period or up to 6!W"C provided the 

, Parboiling is a hydrothermal treatment of paddy to separate rice grain. 
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high temperature exposure was less than onc minute. Prolonged heating above this 
temperature may l:ause the material to convert (at least in part) first to cristobalite and 
then tridymite forms of nystalline silica. Chopra et al. (1981) have reported that for an 
incinerator temperature up to 700°C the silica was in amorphous form and silica crystals 
grew with time of incineration. The combustion environment also affects the specific 
surface area, so that time, temperaturc and environment also must be considered in the 
pyroprocessing of rice husks to produce ash of maximum reactivity (Ankara, 1976; 
Nehdi, 2003). James and Rao (1986) indicated that isothermal heating at a minimum of 
675K (402°C) is required for complete destruction of organic maller from rice husk and 
to liberate silica. On combustion, the cellulose~lignin matrix hums away, leaving a 
porous silica skeleton. On grinding, this will give very fine particles with a large surface 
area. Parameters innuencing the surface area of ash samples are temperature, duration 
of comhustion and the treatment of rice husk hefore burning. The decrease in surface 
area can he attributed to crystalline growth and pore structure. 

Acwrding to Hamad et a1. (I ,:)X I) ash prepared at a temperature of about 500-600°C 
consists of amorphous silica. Cristobalite was detected at 80(}OC and at I 150°C both 
cristobalite and tridymite were present. But.'yeoh et al. (l:ited in Nehdi et aI., 2003) 
reported that silica in RHA can remain in amorphous form at l:ombustion tempcratures 
of up to 900 u C if the combustion time is less than one hour and crystalline silica is 
produl:ed at IOOO"C with combustion time greater than 5 minutes. Several researchers 
had reported that crystallisation of silil:a can take place at temperatures as low as 600°C 
(Cook et aI., 1984; Shah et aI., 1':)79 cited by Bui, 200 I), 500°C (Dass, 1987 cited by 
Bui, 200 I), or ewn at 350°C with 15 hours of exposure (Kapur, 198 I, cited by Bui, 
2001). 

Yogananda and lagadish from Indian Institute of Science (IISc), Bangalore (1983, 
1988) did several studies on the pozzolanic properties of rice husk ashes produced by 
different field incinerators. They noticed that the long-term strength of RHA Pozzolanas 
produced from lield arrangements in certain cases showed a decrease in strength after 
28 days. This decrease in strength of RHA pozzolanas was a great concern for the 
popularity of RHA in building applications. This research is an attempt to verify this 
facl. The field ovens employed in this research are of the same type as that used by 
Yogananda et aI., (1988) in their research. 

Research approach 

The research presented in this chapter has two main parts. 

1. Laboratory Research 
The first phase of this research addresses the opttnll7,ation of RHA samples and 
discusses parameters, which intluence the reactivity of the pozzulana from rice husk 
under controlled wnditions in the laboratory. They are studied by detailed 
characterization of RHAs as a function of comhustion conditions using X-ray 
diffraction (XRD), 29Si magic-angle spinning (MAS) nuclear magnetic resonance 
(NMR), chemical analyses, conductivity measurements and microscopic analysis. 
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2. Field Research 
TIll: Sl:coml phasc prl!sents a discussion on the comparison of RHA sampks from 
diffl!rent field ovens and recommends a feasible method to produce rice husk ash 
pozzolana in the normal conditions of rural environments. The initial phase of 
lahoratory research is actually needed as a prelimi nary step to decide the quality of 
pozzolana from the field ovens. Lime reactivity test specified by IS standards (I.S 1727-
1(67), compressivc strength test, particle size analysis are donc to compare the 
properties. The results of the tield tests will be judged against the findings of the lab 
research. 

6.3 Laboratory research 

6.3.1 Rice husk ash sample preparation 

Rice husk samples were collected from Alleppey district of Kerala (India). Ash sampks 
were preparcd hy burning 50 g of rice husk in a lahoratory oven under the continuous 
supply of air for different durations of burning (15 minutes to 24 hours). An initial 
duration of two hours pre-heating was maintained in all caSl!S to attain the desired 
temperature. Two ash samples were collected from each case. One sample was taken 
immediately after completion of the hurning process (so called "quick cooling" 
(Q».The second sample was collected after slowly cooling down inside the oven (so 
called "slow cooling" (S». Testing conditions were maintained as follows. 

Temperature regimes (300°C. 500°C. 700°C, 900°C) 
Duration of hurning (15 minutes. 6 hours, 12 hours, 24 hours) 
Nature of cooling (Quick cooling, Slow cooling) 

The RHA samples produced from the laboratory under different testing conditions arc 
represented with a unique designation throughout this chapter for convenience. For 
example RHA 500-6Q and RHA 500-6S designate the rice husk ash samples produced 
at a temperature of 5000C and a burning duration of six hours. Q and S indicate the 
nature of cooling. In order to find the parameters influencing the formation of reactive 
silica the samples collected from different regimes are subjected to chemical analyses, 
conductivity measurements, XRD, NMR and microscopic analysis. 

6.3.2 Experimental methods 

6.3.2.1 Chemical analysis for loss on ignition and total silica 

All samp\cs were subjected to chemical analysis after grinding them in an Agate mortar 
for ten minutes. ASTM C 311-00 standards were used for the determination of loss on 
ignition (LOI) and silica. The pre-weighed RHA sample is kept in an oven (800°C) and 
weighed again. The difference in weights is the weight of carhon that released as CO2 . 

The same sample (carhon removed) is taken and boiled in Nitric acid. It is then filtered 
through a weighed glass fibre filter and then washed with demineralised water. The 
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filter is then dried in an oven at 105°C (whole night) and weighed again. The weight 
change is the weight of insoluble Si02 (Total silica, both crystalline and amorphous). 

6.3.2.2 Soluble fraction of silica 

Rice husk ash samples arc taken, weighed in an analytical balance and boiled in 100 rnl 
of 2.5 N (10%) NaOH. The solution is then tiltered through a filter paper and washed 
with demineralised water. This filter is dried in an oven at 800°C (2 hours), cooled and 
weighed to get the weight of insoluble silica. Soluhle silica remained as dissolved in the 
solution. 

6.3.2.3 Pozzolanic activity 

The variation of electrical conductivity of a saturated solution of calcium hydroxide on 
dispersing with the RHA samples can be taken as a mcasure of the pozzolanic activity 
of the samples (Luxan et aI., 1989). Initially the conductivity of calcium hydroxide 
saturated solution (200 ml, 40°C) is measured. To this 5 g of RHA sample is added. The 
electrical conductivity is measured after two minutes of continuous stirring. The 
difference between the initial and final conductivities is calculated as a measure of 
pozzolanic activity. This is identified as a rapid method to evaluate the pozzolanic effect 
of rice husk ash (Bui, 200 I, Feng et aI., 2004, Goni et aI., 2003). 

6.3.2.4 X-ray diffraction (XRD) analysis 

Two types of instruments were employed in this research for the XRD analysis of 
different RHA samples. They are (i) Philips PW 3710 X-ray diffraction system having a 
copper tube and a nickel filter and (ii) Bruker D8 A vance X-ray diffraction system 
operating with a 50 kV, 50 mA Cu radiation source and a Philips PWI820 
diffractometer. This diffractometer uses a 40 kV, 50 mA Cu radiation source. When 
silica is truly amorphous, the characteristic X-ray diffraction peaks of crystalline forms 
of silica are absent. 

6.3.2.5 Microscopic Analysis 

XL 30 Philips ESEM and Jeol FESEM 6330F were used for the microstructure analysis 
of the RHA samples. 

6.3.2.0 29Si Magnetic Angle Spinning (MAS), Nuclear Magnetic Resonance (NMR) 

29Si solid-Slate MAS NMR experiments were performed on a Chemagnctics Infinity 300 
MHz (7.1 T) and a Chemagnctics Intinity 600 MHz (14.1 T) NMR spectrometer. On the 
7.1 T spcctrometcr a Bruker 10 mm MAS HX probe head was employed, whereas a 
Chemagnetics 6 mm MAS HX Apex probe was used on the 14.1 T spectrometer. 
Spectra were obtained using single pulse excitation using a n/2 excitation pulse (5 I1S, VI 

= 50 kHz) and a relax.ation delay of 600s. Fur a few selected samples, spin-lattice 
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rt:l ax;u ion times T I were detcrmin..:d using a s:lluralion-rceovery experi me nt. In all cas..:s 
the relaxation curves were strongly m ul t i -expo~ntia l and in many cases full re laxat ion 
had nol b..:..:n reached after 600s_ This means that som..: caution has to be taken into 
account with the 4uantitlllive interprdation of the spt:etra. Spinni ng speeds ranging from 
3 kHL 10 6 kH7. were used in all cases fast enough to avoid spinni ng sidebands. Spectra 
arc referenc..:d with respt:t.:t to TMS using Ihe 2"S i resonam;e in Zeolite A (89.7 ppm) as 
a secondary Slllndard . Spectra were processed and dt:-C(lnvoIUled using Ihe MatNMR 
processing soft wart: . O!;!-convolution of Ihe vllriOUS Q-specie!\. in the spectrum was donc 
assumi ng Gauss ian lin!;! shapes in all cases. 

6.3.3 Resulls and discuu;on 

6.1.3.1 Ch!;!mit.:al analysis 

Fig. 6. 1 and Fig. 6.2 show the varia tion of the loss on ign it ion, wh ich is a meaSUTt: for 
the residua l carhon C(lntent, and the pcrt.:e nl age soluble sil ica, which is cunsidcred 10 be 
relaled to reactivity, for Ihe various RH A samples. The influence of d iffe rent 
incinerat ion times. temperatures and cooling regimes can be discussed hused on Ihe 
results of the ch..:mical anal yses. 
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Figure 6.1 Pera/lwxe of .\"OllIhle silica (PSS} and lll.u 0 11 ignition (LOI) in quick 
cooled RHA s(III1{,/e.f prepared IfSill8 illcineration temperat!ues of 300°C. :;oO°C, 700°C 
ulld 9O(}°Cfnr d!l fatiom· vuryin,~ f rom of 15 to 1440 minule$ (0.25 10 24 hours). 
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It is noticed th.1I burning fo r a short duration ( 15 III J60 minutes ) was i"sunic i!'!n! at all 
temperatures \0 achicw compklc im.:incration of rice husk to expel the carbon and 10 
produce a reactive ash . AI a burning temperature of ](X)"C this is Slill the case aftt:r 
incine ration for 24 hours. Howc w r, both hurn ing temperatures of 500°C and 700"C 
resulted in ash samples 'with low carbon content and high per(.;cn lage of soluble sil ica at 

longer durations ( 12 hours to 24 hours) of inc ineralion. Finally, the RHA900 samples 
showed a strong decrease in the percentage of soluble silica for longer durations. T~ 
loss on ignition was almost ni l at a temperature of 91X)°C. 
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From this we ea n conclude 1h<lt temperatures of 500°C and 700°C are favo rabk for 
produci ng reacti ve rice husk ashes. They showed very similar resu hs for the percentage 
of soluhl !! silica at all durali ons of incineration and cooling regimes. The percemage of 
earhon for these samples is somewhat lo wer in the slow (ooling regi me as (\lmpured to 
the quick cooli ng. regime: in all euses these quantities are ncgl igihk howc ver. 

6.3.3.2 POZ7.olanic activity 

Chemical analysis could not discriminate between RHA 500 and RHA 700 samples in 
terms of optimal inc ineration condit ions in relation to pozzolanic activity. The 
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p07.zolanic actIVIty test, using the decrease in electrical conductivity when adding a 

defined amount of RHA to a saturated calcium hydroxide solution. can provide further 
insight. This test is a quick measure of the reactivity of the ash based on the presence of 
amorphous silica. A large change in conductivity is interpreted as a high pozzolanic 
activity (Luxan et aI., 1989). 

Tahle 6.1 Difference in the electrical conductivity (~ mS/cm) of a saturated 
solution of calcium hydroxide on adding a defined amount of the 
respective RHA sample. 

Samples Variation of pozzolanic activity 
S - slow cooling; Q - quick cooling 

700 - 12 S 

700 -12 Q 

700 - 24 S 

700 - 24 Q 

500 - 12 S 

500 - 12 Q 

500 - 24 S 

500 -24 Q 

:u 
3.6 

3.0 

3.5 

5.3 

5.4 

5.2 

5.2 

As shown in Table 6.1 both RHA 500 and RHA 700 samples gave large conductivity 
changes which can be interpreted as good values for pozzolanic activity. RHA 500 
samples consistently showed higher values than the RHA 700 samples and demonstrates 
their overall higher reactivity. On the basis of these experiments, all samples qualify as 

good· pozzolanas. RHA 500-12Q c1carly shows the highest activity. 

6.3.3.3 XRD analysis 

Since the above-discussed tests could not identify differences in the formation of 
amorphous or crystalline silica for different cooling regimes, XRD analyses were 
performed for selected samples for further characterization. An indication of the 
crystallinity of the samples can he ohtained from the intensity of the narrow reflections 
as compared to the broad band around 22 degrees (28). 

The hroad peak of RHA500 samples (Fig. 6.3) indicates the amorphous nature of silica 
at different testing conditions for this temperature. Similar results were ohtained for the 
RHA 700 samples (Fig. 6.4) again showing hardly any crystalline rellcctions. For the 

• According to Luxan et aI., (1989) variation in e1eclrical conductivity more than 1.2 is 
referred as good pozzolana 
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RHA 900-6Q (Fig. 6.5) some reasonahly sharp and intens~ ref1~ctions stan to show up 
on top of the broad amorphous background, evidencing that at thcse temperatures 
crystalline cristobalite starts to form. Only after incineration at I 100°C the material 
hecomes highly crystalline. This is evident from Fig. 6.6. The XRD pattern of a RHA 
I 100 sample shows sharp reflections and that can he assigned to cristobalite and 
tridymite. 

<Il 
u; RHASOO·6Q 
C 
:::J 
0 
u 

RHA500·12Q 

RHA500·12S 

0 10 20 30 40 50 60 
20 

Figure 6.3 XRD patterns of RHA 500-6Q, RHA 500-12Q and RHA 500·125 samples. 

The broad and intense line celltred at 28 = 22" indicates that all samples are 
amorphous. 
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Figure 6.4 XRD patterns of RHA 700·12Q and RHA 700-125 samples, which are still 
dominated by a broad background indicating that the sample is amorphous 
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Fir:ure 6.5 XRD putterns of RHA 900-6Q and RHA 900-65 samples. Sharp peeks 
indicate the presence of a major crystulline fraction in the samples. 
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Fixure 6.6 XRD pattern of an RHA / /00 sample sliol1'iflR sharp lines and without 
broad background indicatinx the crystalline nature of the sample. Two phases could be 
identified being cristohalite and tridymife. 
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6.3.3.4 Microscopic analysis 

Fig. 6.7 shows the morphology of different RHA 500 samples produced from controlled 
conditions in the lab. The difference in the morphology between RHA 500- 12Q and 
RHA 500- 125 shows thal"lhe panicle size increases significantly in the slow cooling 
regime as compared to quick cooling. 

Figure 6.7 F£SEM (Field Emission Scanning Electron Microscopy) images for RHA 
samples burnt ar 500°C bur differing ill cooling procedure. Slow cooling samples were 
left in the oven to cool down whereas quickly cooled samples were directly removed 
from the oven. Slow cooling clearly leads to larger particle size indicating a more 
condensed structure. 
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Care has to be taken in interpreting particle size in terms of reactive surface. It cannot 
be interpreted in terms of crystallinity, however. In fact we do not observe particles with 
a specific morphology that could be related to certain crystalline fractions. The same 
was true for the RHA 700 samples. During incineration expelling the carbon fraction 
and silica condensation are competing processes which lead to the formation of porous 
particles which can have very high internal surfaces. 

6.3.3.5 29Si MAS NMR 

Although XRD and FESEM give some insight in the crystallinity of the samples, they 
cannot provide information about the composition and reactivity of the amorphous 
fraction of the RHAs. 29Si Solid-state NMR is well suited to provide this insight as it 
probes the local structure of a silicon atom and does not rely on long-range order in the 
samples. In silica, 29Si chemical shifts depend on the degree of condensation of the Si04 

tetrahedral in the material. Assignment of the spectra of silicates is done on the basis of 
the second coordination sphere of silicon (Engelhardt et aI., 1987) using the Q" 
nomenclature. Here 'n' designates the number of siloxane bonds a certain silicon atom 
is participating in. Through these siloxane bonds a silicon atom can be bonded to a 
maximum of four other silicon nuclei. As each of the Q" species have a distinctive 
chemical shift 29Si NMR can give information about the degree of condensation of a 
silica network. 

RHA5QO.eQ RHA5!JO.I2Q 

·70 .ao -90 -100 ·110 ·120 -130 .140 -70 -80 ·90 .100 .110 .120 .130 ·140 ·70 .ao ·90 -100 .110 ·120 -130 ·140 
ppm PP'" ppm 

(a) (b) (c) 

Figure 6.8 29Si MAS NMR spectra for RHA samples burnt at different temperaturesfor 
varying time. a) RHA sample burnt at 500°C for 6 hours and cooled quickly (RHA 500-
6Q). b) RHA 500-12Q and c) RHA 700-6Q. All spectra are dominated by a strong and 
broad resonance at -Ill ppm assigned to Q4 branches in condensed amorphous silica. 
A shoulder is present at -102 ppm indicating the presence of silanol Q3 sites. For the 
RHA 500-12Q samples the largest amount of silanol sites are found which are related 
to the reactivity of the samples. 
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Within each Q species the exact chemical shift value depends on the Si-O-Si hond 
angks. This also allows one to get insight in the crystallinity of the materials. 
Crystalline samples are characterized hy well-defined bond angles which are retlected 
in narrow NMR resonances, whereas amorphous samples are characterized by 
distributions in bond angles in general leading to broad Gaussian line shapes (Dupree et 
aI., 2000; Pettifer et aI., 1988). 

Fig. 6.8 shows the 29Si MAS NMR spectra of RHA SOO-6Q, RHA 500-120 and RHA 
700-6Q samples. The spectra of the samples prepared at soooe and 700UC are all 
dominated by a peak at approximately -111 ppm with a small shoulder at -102 ppm. 
From this we conclude that we have a very dense silicate network mostly consisting of 
Q4 branches with a small amount (varying hetween 3% and 21 %) of Q3 sites from 
terminating silanol groups. These silanol groups are the only reactive groups in the 
silica and can thus be held responsible for the pozzolanic activity of the materials if they 
are accessihle. The lines have very broad Gaussian line shapes with a width of 
approximately 10 ppm for the Q4 sites and about 6 ppm for the Q3 sites, indicating that 
the network is mostly amorphous with a large variation in Si-O-Si hond angles (Dupree 
et aI., 2000; Penifer et aI., 1988). 

None of the spectra of the samples hurnt at soooe or 700UC show the presence of any 
signiticant amount of crystalline material in line with the XRD ohscrvations and an 
early study of rice husk ashes by Hamdan et al. (1997). The situation changes at a 
temperature of 900oe, for these samples a relatively narrow line (FWHH -3 ppm) 
appears at -111 ppm, on top of the broad amorphous resonances, that is assigned to the 
formation of cristobalite on the basis of the XRD data. Treatment at an even higher 
temperature of I1 oooe significantly changes the spectrum (Fig. 6.9) with narrow lines 
(FWHH I ppm) at -11 () ppm and -112 ppm (FWHH 3.S ppm) indicating that the sample 
mostly consists of a mixture of cristobalite and tridymite (Dupree et aI., 2(00), in line 
with the XRD observations. 

Table 6.2 summarizes the results of the spectral deconvolution of the various 29Si MAS 
NMR of a series of RHA samples. The line shape was assumed to be purely Gaussian 
for all resonances in the amorphous phase. Of particular interest is the fraction of silanol 
species (0.1) present in the amorphous material as this is thought to be related to the 
reactivity of the samples and their pozzolanic properties. The percentage of Q3 sites in 
the RHA 500-6Q and RHA 500-6S samples is 10% and 6% respectively. This indicates 
that the condensation reactions in the ashes are progressing during the cooling process 
lcading to a more condensed network with less surface sites for the slowly cooling 
sampks. An intriguing observation is that the amount of silanol groups increases by 
increasing the incineration time to 12 hours to 21 % and 12% for the samples RHA SOO-
12Q and RHA 500-12S respectively. This is in line with an earlier investigation of 
Ihrahim and Hemaly (1988) who reported a continuous increase in the specific surface 
area and pore volume in RHA samples produced at SO(}OC with increasing burning 
duration up to 12 hours. Almost constant values of BET surface area and pore volume 
were reported when the duration was increased from 12 hours to 24 hours. From 
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saturation-recovery experiments the slowest relaxing component in these materials is 
estimated to have a T, of -200s showing that a quantitative analysis of the spectra is 
valid in this case. 

RHA1100 

-70 -80 -90 -100 -110 -120 -130 -140 
ppm 

Figure 6.9 2<)Si MAS NMR spectrum of RHA 1100. The relatively narrow lines aT -110 
and -//2 ppm indicates the presence of crystalline crisTobalite and trydimife (Dul'ree et 
al.,2000) 

Moving to a higher burning temperature of 700"C the amount of silanol species goes 
down to 6% and 3% for the RHA 700-6Q and RHA 700-6S samples respectively. This 
is in line with the expectation that a higher burning temperature leads to faster 
condensation and therefore a denser network with less surface sites. Again a slow 
cooling process leads to a further reduction of the silanol sites. Tt should be noted that 
we observed a significant increase in the spin-lattice relaxation time for these samples to 
a point that quantitative evaluation of the spectra is no longer fully warranted. Due to 
the mobility and coupling to protons, the relaxation time of the silanol groups is 
expected to he shorter than for the Q~ sites in the core of a particle. This means that the 
amount of Q3 sites could actually be lower than the estimations on the basis of the 
spectral de-convolution. Most likely the Q4 sites in the core of the particles will relax 
through spin-diffusion to the surface where silanol groups and possible paramagnetic 
impurities act as a relaxation sink. So the increase in effective T, indicates that at higher 
temperature the inner and/or outer surface of the silica particles are reduced with less 
fast relaxing sites in the vicinity of many Q4 species. 
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Table 6.2 

RHA 
Samples 

Q 

Peak Pos. 
(ppm) 

Peak Area 
(a.u.) 

FWHH 

(ppm) 

Q4 

Peak Pus. 
(ppm) 

Peak Area 
(a.u.) 

FWHH 

(ppm) 

Q' (';0) 

Q4 

Peak Pos. 
(ppm) 

Peak Area 
(a.u.) 

FWHH 
(ppm) 

Chapter 6 

Details of de-convolution showing the peak position in ppm relative 
to TMS, the integrated peak area (in arbitrary units-a.u), and the Full 
Width at Half Height (FWHH) in ppm for the Q' and Q4 resonanccs 
observed in the 29Si MAS NMR spectra of various RHA samples. For 
the RHA 900 a second Q4 resonance is observed assigned to the 
appearance of crystalline material. 

500- 500- 500- 500- 700- 700- 900- 900-
6Q 6S 12Q 12S 6Q 6S 6Q 6S 

-102.1 -101 -103.2 -102.4 -102.6 -101.7 -103.5 -103.1 

7.6 4.7 40.4 21.0 3.0 2.4 2.5 0.3 

6.5 6 lOA 7.5 6.7 5.6 6.6 7.4 

-110.9 -110.2 -111.5 -Ill. 1 -111.4 -11 J.2 -111.8 -112.2 

65.4 75.0 156.1 156.4 45.5 76.3 32.8 2R.5 

9.8 10.6 10 10 10 11.7 8.3 8.9 

10 6 21 12 fi 3 7 I 

-111.1 -111.3 

6A 12.7 

2.5 3.1 

Going to even higher burning temperature of 900"C we observe the first formation of 
crystalline material, although the majority of the material is still amorphous. In the RHA 
900-6Q sample there is still a reasonable amount (upper limit 7%) OfQ3 species present 
in the amorphous fraction of the sample. Again it should be noted that this amount is an 
estimated upper limit in this case as the spin-lattice relaxation times of this condensed 
material becomes prohibitively long to ohtain fully quantitative data. 

In summary, the NMR data give direct access to identification of the reactive sites in the 
RHA samples. Spectral dc-convolution of the spectra clearly identifies the RHA 500-
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12Q sample as having the highest amount of silanol groups present In the sample 
making it the favorable sample as pozzolanic cement additive. 

The optimization of RHA samples at different controlled lahoratory environments was 
done in order to compare the properties of the ash samples from a rather uncontrolled 
environment in the tield. The results of the investigations in the tirst phase indicated the 
reactivity of samples hurnt at 500°C or 700°C. This insight helped in the second phase 
of further research on tield ovens. 

6.4 Field research: Investigation on performance of field ovens t 

For rural building applications. sophisticated ovens and techniques are not feasihle and 
alTordab1c to maintain the controlled conditions in the lab. This part of the experimental 
technical research was carried out to identify an affordahle incinerator to produce 
reactive pozzolana for rural building applications in Kerala. It deals with the production 
and analysis of rice husk ash samples from different types of field ovens. Ash samp1cs 
are subjected to various tests to determine the parameters (amorphous silica content, 
loss on ignition and particle size distribution) ,which decide the pozzolanic activity, The 
long-term strength of the lime/cement pozzolana mortar produced from these samp1cs 
are compared with that of a reference sample produced at optimised conditions in the 
lab and also with the pozzolana mortar of waste ash from parboiling operation of paddy. 

6.4, J Types offield ovens 

The performance of three types of field ovens viz. (A) the annular kiln enclosure, CB) 
the rectangular briek oven and (C) the pit oven were investigated. The rice husk ashes 
produced arc indicated as RHA A, RHA Band RHA C. 

A. Annular oven - An annular enclosure with a height of 0.9 m, consisting of two co
axial hollow cylinders (open at the top) are made with weld meshes (Fig. 6.10), The 
inner cylinder has a diameter of 0.27 m and an outer cylinder with a diameter of 
0.75 rn, The base and exterior of this arrangement is protected with an extra layer 
of chicken mesh to prevent the escape of ash samples, Rice husk is filled in the 
annular portion between the two cylinders. This arrangement can be kept elevated 
from the ground using bricks so as to apply heat from the bottom. Temperature is 
measured at different parts of the sample using a temperature probe, Tt took almost 
nine hours for complete burning. RHA samples were collected (RHA A) after the 
complete cooling of ash samples. 

t Nair, D,G., Jagadish, K.S., Fruaij, A., 2006, Reactive pozzolanas from rice husk ash: 
An alternative to cement for rural housing, Cement and Concrete Research, 36 (6), pp. 
1062-71. 
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Figure 6. 10 Plan, section (j) and picture (ii) of annular kiln enclosure/or burning rice 
husk 

Figure 6. J I Brick kiln enclosure/or burning rice husk 
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Figure 6.12 Plan and front elevation of the brick kiln enclosure for burning rice husk 

B. Rectangular brick oven- A rectangular enclosure (2.95 m x 0.6 m x 0.9 m) as 
shown in the picture (Fig. 6.11. Fig. 6.12) is built with bricks having a number of 
small openings in the body of the enclosure to allow a smooth flow of air. It is 
filled with rice husk and burning of the sample is started from the top. slowly 
progressing towards the bottom. The burning process was slow compared to the 
annular enclosure and it took almost three days for complete burning. The ash 
samples collected from this oven is denoted as RHA B. 

C. Pit burning- A pit of 1 m diameter and depth is dug in the ground (Fig. 6.13) and 
filled with rice husk. The burning of rice husk was allowed to take place from the 

1-<1> 1 m ---1 
---n---r-----, ....................... r---~,...--- G.L 

1m 

1 
Figure 6.13 Arrangement for pit burning 
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top surface in the same manner as in the rectangular enclosure. Burning proceeded 
from the top surface slowly downwards. It took almost one week for the complete 
burning and simultaneous cooling of the sample. The ash samples collected from this 
burning arrangement is denoted as RHA C. 

The ash samples were checked with a temperature probe during the burning process to 
for identifying the maximum temperature and it was found to varying from 500 to 
600°C in all the cases. Also the three RHA samples were collected after one week from 
the initial date of burning to keep consistency. The performance of the three rice husk 
ashes A, Band C were compared with ashes produced in the laboratory (reference RHA 
D) and waste ash obtained from parboiling operation of paddy (RHA E). 

D. Laboratory oven - RHA D is the reference sample (RHA-12S) made at controlled 
conditions in the lab using a muffle furnace with continuous supply of air. Ash 
samples of 500 g were used for each burning operation. After keeping the rice husk 
in a porcelain container, the oven was switched on and an initial duration of two 
hours was given to reach the desired temperature of 500°C. The oven was then 
maintained at this temperature for 12 hours. After 12 hours of heating, the oven 
was switched off (maintaining the air supply) and kept closed for another 24 hours 
and samples were collected (after complete cooling). 

E. RHA E- This is the waste ash collected from a rice factory where rice husk is being 
used as the fuel for the parboiling operation of paddy. 

The ash samples collected from different sources (A to E) were subjected to grinding in 
a ball mill for sixty minutes and the powder thus obtained was used for further tests. As 
these ashes are supposed to be produced in the rural environments for practical 
applications, no limits of fineness were prescribed for final samples and instead the 
duration of grinding was maintained constant for all the samples for keeping uniformity 
in the procedure. 

6.4.2 Experimental methods 

6.4.2.1 Chemical analysis for loss on ignition and soluble fraction of silica 

The different RHA samples were subjected to chemical analysis for amorphous silica 
and loss on ignition in the same manner as that of the samples from the laboratory 
studies. The results are compared in Table 6.3 and Fig. 6.14. 
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Figure 6.14 Percentage of soluble silica fraction and loss of ignition in different RHA 
samples 

RHA A from the annular kiln enclosure has the highest percentage of soluble fraction of 
silica compared to the other samples. But the reference sample (RHA D) has the lowest 
carbon content. 

Table 6.3 Properties of different rice husk ash samples from the field ovens 

Type of Percentage Percentage Variation in 
oven or Si02 of soluble of soluble Electrical 

Samples source of Colour Lot Total Silica in ash silica in Conductivity 
sample total Si O2 (Pozzolanicity) 

% % % % mS/cm 

RHAA 
Annular Light 

10.8 82 67.7 82.6 2.6 
oven Grey 

RHAB Brick oven 
Light 

12.1 85 61.8 72.7 2.6 
Grey 

RHAC Pit burning Grey 15.3 82 27 32.9 2.1 

RHAD 
Laboratory Light 

0.8 88.5 61.1 69 3.9 
oven grey 

Waste ash 
RHAE from Black 20.5 76.7 35.9 46.8 I 

parboiling 

6.4.2.2 Pozzolanic activity 

Table 6.3 gives the pozzolanic activity of different RHA samples. The reference sample 
(RHA D) has the highest value of pozzolanic activity and waste ash (RHA E) has the 
lowest value. Among the field samples RHA A has the highest value. 
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6.4.2.3 XRD analysis 

Fig. 6.15 to Fig. 6.17 show the XRD patterns of different rice husk ash samples RHA A, 
B, C, D and E. 
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Figure 6. J 5 XRD of RHA A, RHA Band RHA C (Field samples). Peaks of crystalline 
fractions in the XRD pattern of RHA B and RI/A C is visible. RHA A is purely 
amorphous. (Absence of amorphous humps and difference of this XRD pattern from 
other pictures is due to the background subtraction of the data) 
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Figure 6.16 XRD of the reference sample, RHA 500-12 S (RHA D) 
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Figure 6.17 XRD of RHA E (Fuel waste). sharp peaks showing the crystalline nature 
of the sample 

Only cristobalite could be detected in RHA A. The XRD analysis of RHA B, C, 0 and 
E showed the peaks of quartz also. Also the XRD pattern of RHA C and E indicate the 
presence of crystalline silica in excess of other RHA samples. 

6.4.2.4 Particle size analysis 

Table 6.4 and Fig. 6. [8 give the details of particle size analysis. These measurements 
were done by Laser diffraction with the Malvern Mastersizer S, 300RF lens and a 
sample presentation unit. 

Table 6.4 Particle size distribution (in ~m) of different RHA samples 

RHA Samples 
Type of oven or source of DID ])50 ])90 

sample 

RHA.A Annular oven 7.:' 40.9 152 

RHA.B Brick oven 9.1 473 171 

RHA.C Pit burning 7.1 44.5 320 

RHA.O L.lboratoryoven 3.7 18.9 60.7 
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The ash samples were made wet with a non-ionic surfactant and dispersed in 
demineralised water. They stayed stable for several minutes. When ultrasonic effect is 
applied, the distrihution became much smaller. The percentage of large particles was 
less in RHA D compared to A and B, whereas RHA C showed higher percentage of 
coarse particles (with 0 90 = :no ftm, i.e. YO% of particles smaller than 320 !-tm). 
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Figure 6./8 Particle size diSTributions of different RHA samples 

The unimodal distribution of A, Band 0 samples (Fig. 6.18) corresponds to the 
homogeneity of ashes whereas the bimodal distribution of RHA C shows the 
heterogeneous nature of RHA C. Among the four samples subjected for particle size 
analysis RHA 0 showed a higher percentage of finer particles. Within the field samples, 
rice husk ash samples from the annular oven showed the finest particles and those from 
the pit arrangement were with coarse particles. 

6.4.2.5 Determination of specific surface area 

The specific surface areas of the RHA samples were determined hy nitrogen adsorption 
using the Quanta chrome Autosorh-6B analyzer. The BET (Brunauer, Emmett and 
Teller) method provides a combined surface area value for both inter-particle area 
(surface inside pores) and intra-particle area (the structure and outer surface of the 
particles). Tahle 6.5 shows the specific surface area of different RHA samples. The 
reference sample (D) has a higher surface area than the tield burnt samples. 
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Tahle 6.5 BET surface area of different RHA samples 

RHA Samples Type of oven or source of sample 
BET surface area 

( m2/g) 

RHA.A Annular oven 6~±t 

RHA.B Brick oven 65±t 

RHA.C Pit burning 4~±1 

RHA.D Laboratory 0 ven 11.'i±1 

6.4.2.6 Lime reactivity test 

This test has heen recognised as a standard method by LS.1727-1967 for determining 
the reactivity of the pozzolanic material (RHA) with hydrated lime. Lime reactivity is 
represented by the compressive strength of standard mortar test cuhes prepared and 

tested under specific conditions. The dry materials of standard test mortar of lime
pozzolana-sand in the different proportions (by weight) is tested. Lime and ash is 
weighed and inter-ground in a ball mill (for 60 minutes) just before making the mortar. 

Cube specimens of 40 mm size" are moulded according to I.S 1727-1967 specifications. 

After covering the surface of the specimen in the mould with a smooth and greased 

glass plate, it is kept in a moist room at a temperature of 21 QC for 48 hours. Then the 
specimens arc removed from the mould and eurt.:d at 90% to )00% relative humidity for 

a period of 8 days at 50 ± 2°C in an incubator. After curing for eight days, the 
specimens were laken out of the oven and tested for compressive strength. Since the 
specimens were kept ex-posed to the air only for a short duration, risk of carbonation can 

be neglected. 

" The test specimens used are 40 mm cubes instead of the 50 mm cubes as specified by 
I.S. I 727-1967 
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Table 6.6 Lime reactivity of different RHA samples expressed by eight days 
average compressive strength 

Sample Type of oven or Mix· Average compressive strength in 

source of sample Lime-A;h-Sand eight days (N/mm2
) 

RHAA Annular oven 1:3: 12 11.0 

RHAB Hrick oven 1:3:12 7.8 

RHAC Pil burning 1:3:12 5.4 

RHAD Laboral.Ory oven 1:3: 12 13.4 

6.4.2.7 Long term compressive strength 

Lime-RHA and cement-RHA mortars in 1:3 proportions (by weight) were prepared for 
different proportions of lime-RHA and cement-RH A combinations. 40 mm cuhe 
specimens were prepared in the same manner as that of lime reactivity test and 
comprcssive strength was measured after a curing period of seven days to onc year 
according to ASTM C 31 \- 00 standards. 

16 -- .. -.----------.-------

&' 12 
6 
.c 
00 
" ~ 8 ., 
.~ 
2 
0. 
2 
c 4 
u 

oa---.--~--_.-----_r--._--~--~ 

o 50 100 150 200 250 300 350 400 

Age (Days) 

• RHA Al 

eRHA Cl 

Figure 6.19 Long-term compressive strength o.flime - RHA - sand mortars (/:1:6) 

... Water content in percentage by weight of lime and ash is 0.76 
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XI> X2, X3 und X4 series corresponds to 1:1:6,1:3:12,3:1:12 and 2:1:9 proportions of 
lime or cement RHA: sand and the letter 'X' denotes to different RHA samples, Fig, 
6,19 and Fig. 6.20 show the evolution of the compressive strength of different Lime
RHA mortars during a period of onc year. In all the mortars, a gain in strength with lime 
can be seen (Appendix 6,1), 
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The percentage of rice husk ash in the total powder (ash + lime or cement) has also a 
signi licant inlluence in the strength of the mortar. Fig. 6.21 illustrates this. It can be 
seen that the series X2 (I :3: 12) with the highest ash-lime ratio is having the highest 
compressi ve strength. 

6.4.3 Results and Discussion 

6.4.3.1 Chemical analysis 

Table 6.3 and Fig. 6.14 give the vanatlon of soluble silica and carbon content in 
different RHA samples. The influence of different heating arrangements and burning 
duration can be discussed on the basis of the results of chemical analysis. 

Among the field samples RHA A from the annular oven gave better results with 
minimum carbon content (LOI) and maximum percentage of soluble silica. LOI was 
ranging from RHA A to RHA C in the order of RHA A < RHA B < RHA C and soluble 
silica as RHA A > RHA B > RHA C. In both cascs RHA C, the ash sample from the pit 
burning gave inferior results compared to.RHA A and B. This variation in soluble silica 
and carbon content can be due to the longer duration of burning and limited air now in 
the case or pit burning compared to the other two arrangements. 
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Fig. 6.22 and Fig. 6.23 show the variation in compressive strength of different Lime
RHA samples (with the water-binder ratio of 0.76) with loss on ignition and total silica 
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in the ash. It confirms the negative inOucncc of carbon in the compressive strength of 
corresponding mortars for three different mix compositions of the lield samples. 
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Figure 6.23 Influence of so/uhle silica ill the ash ill (he 28 day compressive strength of 
d!fferenf Lime - RHA mortars 

The quick burning and plenty air flow in the case of annular enclosure due to its 
peculiar shape and bottom !iring favored better results llf RHA A. This factor can be 
confirmed from the case of RHA E with uncontrolled burning. It had a lower percentage 
of soluble silica and highest percentage of LOI. But the reference sample RHA D, 
produced from the controlled conditions in the lab showed the results of least carbon 
content among the samples and higher percentage of amorphous silica compared to 
RHA C and E. The color of the samples also gives an indication of carbon content. 

6.4.3.2 POLZolanic activity 

The variation in electrical conductivity of saturated caleium hydroxide solution on 
adding the pozzolanic material can be taken as a quick measure of the p07.zolanic 
activity of RHA samples. It is based on the concept that the active constituents of the 
p07.zolanic material will react with calcium hydroxide leading to a decrease in 
concentration of Ca2

+ and hence to a decrease in electrical conductivity. Table 6.3 gives 
the different properties of RHA samples. Among the tested RHA samples, pozzolanic 
activity decreases from the refen:nce sample (RH A D) to the fuel ash (RHA E) in the 
order RHA D > RHA A > RHA B > RHA C> RHA E, in the same order as the loss on 
ignition (Fig. 6.24). 
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Fif?ure 6.24 Influence of loss on ignition on the pozzolanic activity 4 different RHA 
samples, pozzoianic activity expressed as a variation in electrical conductivity 
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FiRure 6.25 Influence of soluble silica in the pozzo/anic activity of different RHA 
samples 

The field samples showed a vanatlOn in the reactivity in the same order as that of 
soluble silica and LOl from RHA A to RHA C. However, RHA D showed a higher 
value of pozzolanic activity than RHA A and RHA B, even though it had a lower 
percentage of soluble silica (Fig. 6.25), This can be attributed to the extremely low 
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value of the loss on ignition for RHA D. The same influence could also be noticed in 
the cases of RHA C and E. Even though both soluble silica and carbon content are 
deciding factors on the reactivity of RHA pozzolana, these results show the significance 
of carbon content in the pozzolanic activity. 
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Figure 6.26 Relation hml/een conductivity and compressive strength of different RHA 
mortars 

As illustrated by Fig. 6.26, the poz£olanic activity of different RHA samples explained 
by the changes in the electrical conductivity gives a clear indication of the variation in 
compressive strength of different mortars in accordance with the poZ7.olanicity of 
corresponding ashes. 

6.4.3.3 XRD analysis 

XRD analysis also shows consistent results with the chemical analysis. XRD patterns or 
RHA A and RHA B shows the amorphous nature of samples, whereas the peaks of 
quartz could be detected in the other samples, The presence of quartz in RHA C can be 
due to the longer duration of burning or can also be attributed to the contamination of 
sand particles from the pit. The uncontrolled burning of waste ash contributed to the 
crystalline property of silica in RHA E. 

6.4.3.4 Particle size analysis 

Table 6.4 gives the percentage of different sizes of particles in the tested RHA samples. 
It shows the same variation as that of pozzolanic activity from RHA D to C with RHA 
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o having the highcr percentage of smaller particles. Fig. 6.18 shows the particlc size 
distrihution of different samples. It clarifies the prcscnce of coarse particlcs (0 90 = 320 
flm) in RHA C compared to RHA B (0 90 = 171 fun) and RHA A (090 = 152fllTI). 
Highcr concl.!ntration of comparatively smaller partic\cs in RHA 0 (0 90 = 60.7 [tm) 
cxplains the higher reactivity of thl.! reference sample. Also the field samples showed 
consistent results in the particle size with thl.! reactivity of ash samples. These results 
also confirm the excellencc of annular enclosurc (RHA A) compared to the other two 
field arrangements. 

6.43.5 BET analysis for surface area 

The BET rl.!sults of all the samples vary in the same order as that of pozzolanic activity, 
as expected. Fig. 6.27 shows the influence of specific surface area on the 180 day 
compressive strength of different Lime-RHA samples with the same water-powder ratio 
(0.76). RHA 0, having the higher specific surface area, gave the highest compressive 
strength in 1:3: 12 proportion of lime - RHA mortar. 
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Figure 6.27 Influence of Specific sluface area in the Long term ( 180 day) compressive 
strength afdifferent lime - RHA mortars 

Compressive strength of mortars from other RHA samples also showed a variation in 
the same way with respect to the specific surface area. Since all the samples are 
subjected to grinding with the same conditions, the higher specific surface area of the 
reference sample (RH A D) can be attributed to the controlled conditions of burning. The 
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higher surface area of RHA increases its pozzolanic activity (Feng et al., 2(04). Hence 
the higher surface area of the RHA D compared to other samples can also be attributed 
to the higher strength gain. According to James and Rao temperature and duration of 
incineration are important parameters which influence the specilie surface area (James 
and Rao, 1986). The annular oven took only a comparatively short duration of burning 
and cooling compared to the other two field arrangements. This supports the variation in 
specific surface area of the field samples and the corresponding variation in the 
eompressive strength of mortars (Fig. 6.27). Hence the grinding efficiency is apparently 
not the same for different ashes with different particle size and surface area (Table 6.4 
and Table 6.5). Also the specific surface area of rice husk ash is mainly controlled by 
pore structure and hence collapse of the pores will result in a decrease in surface area. 
Therefore, grinding of RHA will not intluence the BET values, until it reaches certain 
fineness (Bui, 200 I ). 

6.4.3.6 Lime reactivity and comprcssive strength 

The lime reactivity test is considered as a quick measure of the reactIvity of RHA 
pozzolanas. The tested RHA samples were showing a decrease in strength from RHA D 
to RHA C as shown in Fig. 6.28. Similar variation could also be noticed in the 
compressive strength of RHA-lime mortar. 
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Figure 6.28 Influence of water-binder (water-powder) ratio on the cnmpressive 
strength (28 day) of different Ceme1lt- RHA mortars 

According to Paya et al. (2001) the reactivity of RHA with lime depends on a 
combination of two factors, i.e. its non crystalline silica content and specific surface 
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area. But the variation in compressive strength of RHA-limc poz7.olanas in different 
proportions also confirms the inlluence of carbon content (with RHA D giving higher 
strength) along with the other two parameters. All the mixes showed a strength gain 
during the period of one year. Field burnt samples showed a decrease in strength from 
mortars with RHA A to RHA e with lime mortar. 

However the variation in the compressive strengths of ccment-RHA mortars from 
different ashes was not that consistent as in Iime-RHA mortars. This can be mainly due 
to the different water-powder ratios. This variation in water content in different mortars 
was guided by the loss on ignition of the corresponding RHA samples and ash content. 
The influence of water-powder ratio in the compressive strength of cement-RHA mortar 
can be well explained by Fig. 6.28. The coarse nature of large sized particles of RHA e 
provided a satisfactory gradation of fine particles and lead to a dense mix. The tiller 
effect of smaller particles in the mix dominates the pozzolanic effects in this case 
(Gemma Rodry'guez de Sensale, 2006). 

From the analysis of different RHA samples, it is confirmed that ash samples produced 
at controlled conditions in the lab resulLed jn more pozzolanically reactive ash than the 
field samples. This can be attributed to the minimum loss on ignition and higher surface 
area of the samples from the controlled wnditions. Presence of un-burnt carbon can 
adversely affect the rcactivity of ash even though it is rich in amorphous silica. Ensuring 
ample supply of air is hence necessary for reducing the carbon content of ashes. Hcnce 
the duration and typc of incineration are important parameters, influencing the 
performance of field ovens. The comparisons on the properties of field ashes confirm 
the significance of annular enclosure over the other two field ovens. 

6.5 Conclusions 

This experimental technical research was an investigation for identifying an affordable 
and feasihle method to produce a poaolanically reactive RHA for building applications 
in rural areas. The first phase of this research gave an insight into the optimized 
conditions for gelling the most reactive ash from the laboratory environment. Since 
these controlled conditions are not fcasible utilizing the limited infrastructure of rural 
environments, three types of field burning arrangements were tried in the latter phase to 
get a pozzolanically reactive ash. The properties of ash samples from these tield burning 
arrangements were investigated and compared with a reference sample from the lab 
environment. We came to the following conclusions. 

I. Rice husk ash from optimized conditions in the lab 

An in-depth characterization of rice husk ashes has been conducted to identify the 
optimum conditions for producing a reactive ash from rice husk. The amount of soluble 
silica and loss on ignition in the different RHA samples showed that incineration at 
3000 e is unsuitable, as not all carbon is expelled from the samples. It furthermore 
indicated the reactivity of samples burnt at soooe to 700°C. This agrees with the earlier 
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investigations of Mehta (1978) and Hamad et al. (1981) who have identified the 
temperature range of 500 to 700°C as optimum for reactive ash formation. And 
disagrees with other investigations (cited by Bui, 200 I) regarding the formation of 
crystalline silica at lower temperatures. The lower temperatures reported for the 
crystallisation of silica in rice husk ash could be attributed to contamination of husk 
with quartz. 

Pozzolanic activity tests verified the good pozzolanic activity of the RHA 500 and RHA 
700 samples, with uniformly higher values for the samples incinerated at 500°C. XRD 
and microscopic analysis confirmed the amorphous character of both the RHA 500 and 
RHA 700 samples with the first crystalline matl:rial appearing at processing 
temperatures of 900"C and higher. 

To get insight about the formation of reactive material on a molecular level, a detailed 
analysis has been carried out using 29Si solid-state NMR. The broad Gaussian line 
shapes in the spectra of the different RHA samples supports the amorphous nature of 
the silica in samples burnt at temperatures of 500"C and 700"C. At higher tempcratun;s 
a gradual conversion to crystalline material was observed, in agreement with the XRD 
results. The amount of Q3 sites in the amorphous phase of the RHAs varied with a clear 
maximum for RHA 500-12Q with a Q4:Q) ratio of 4: I. This sample also showed the 
highest conductivity drop in the pozzolanic activity test. So wc can conclude the most 
reactive rice husk ash is produced after incineration for 12 hours at 500°C and 
subsequently quickly cooling the sample down by directly removing it from the oven. 

ll. Rice husk ash from different field burning arrangements 

A selection of field burnt samples has been done by comparing their properties with the 
reference sample (RHA 12S) prepared from the controlled conditions in the lab. We 
came to the following conclusions. 

RHA samples from the annular enclosure (RHA A) produced comparable results in 
the compressive strength of mortars with that of the reference sample (RHA D) in 
all the mix compositions. Therefore the annular type of oven can be suggested as an 
atfordable and simple option for the small-scale production of RHA in rural areas. 
A modification of the annular enclosure with bricks instead of weld meshes can he 
suggested as a long-term solution considering the limited life span of weld meshes. 
Rice husk ash pozzolanas from the brick ovens (RHA B) also gave reasonably good 
strengths with lime and cement in different proportions even though those were 
inferior in strength compared to that from the annular kiln enclosure. 
The lower strength values of mortars with the ashes from the pit burning compared 
to the other samples can be due to longer period of incineration and slow cooling 
rate. Reducing the depth of the pit can modify this arrangement to ease air supply 
and result in better ash. 
Type of kindling can also affect the duration of incineration. Rice ~es 
from the brick ovens were produced by firing the oven from the~~a~ 
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other two cases, husk samples were fired from the top. Bottom kindling can 
accelerate the burni ng process and ease natural cooling. 
Analysis of fuel waste ash (RHA E) from the parboiling operations supports the 
possihility of rcusing it as RHA pozzolanas of lower strengths. 
The long-term comprcssive strcngth of mortars from all the tested RHA samples 
showed a progrcssive increase in the strength against the earlier investigations of 
Yogananda et aI., (1988), and proved the potential of rice husk ash as a sustainable 
replacement (see section 5.5.3, chapler 5) to cement in building applications. 

Thus, this research has contributed in 

Identifying the optimum conditions for producing the most pozzulonically reactive 
RHA sample in the controlled conditions in the lab and 
Suggesting an affordable and feasible method to produce pozzolanically reactive 
rice husk ash in the field environments. 
Establishing the long-term of strength of RHA pozzolans 
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Appendix 6.1 

Compressive strength of different RHA pozzo)anas 

Table I Compressive strength of lime - RHA mortar 

Water-
powder ratio Compressive strength for different durations in MPa 
( percentage 

Lime- RHA by weight of 
mortar lime and asb) 7 days 28 days 3 months 6 months 1 year 

RHA AI(I:l:6) 0.76 6.5 8.9 10 11.1 12.4 

RHHA RI 0.76 5.6 8.2 8.9 9.1 10.1 

RHACI 0.76 2.1 3.8 4.1 4.1 5.2 

RHAA2 (I :3: 12) 0.76 8.9 11.5 12.8 12.2 14.2 

RH HA B2 0.76 7.0 9.0 9.2 9.3 10.5 

RHAC2 0.76 4.4 5.7 7.0 7.3 9.2 

RHA D2 0.76 12 14.1 14.6 16.6 

RHA E2 0.76 2.2 3.7 6.2 9.0 

RHAA3 (3: I : 12) 0.76 2.6 5.5 6.2 5.4 7.5 

RHHA B3 0.76 2.8 4.5 5.4 6.2 7.2 

RHAC3 0.76 1.2 2.6 2.6 2.3 J4 
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Tahle 2 Compressive strength of cement-RH A Mortar 

Water 
powder ratio Compressive strenl!th for different durations in MPs 
(percentage by 
weight of lime 

Cement -RH A mortar and ash) 7 days 28 days 3 munths 6 months 1 year 

RHAA2 (1:3:12) 0.79 7.9 10.4 12.7 12.7 14.7 

RH HA B2 0.80 10.1 10.2 I\.4 14.6 16.2 

RHAC2 0.61 7.6 18.1 20 20.5 24.4 

RHA \)2 0.70 9.6 11.2 13.8 15.0 

RHAA3 (3:1:12) 0.53 314 53.2 49.2 53.4 68.5 

RHHA B3 0.53 37.7 48.9 51.6 59.3 80.8 

RHAC3 0.43 37.9 46.8 52.5 65.8 70.52 

RHA D3 0.50 41.2 55.5 61.6 64.6 

RHAD 0.53 29.7 44.3 46.2 61.8 

RHA A4 (2: I :9) 0.53 DJ 26.1 51.9 60.2 -

RHHA B4 0.54 253 44.8 53.1 55.4 68.8 

RHAC4 0.50 30.2 44.4 42.6 64.1 70.0 
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7 CONCLUSIONS AND RECOMMENDATIONS 

7.1 Introduction 

This chapter deals with the general conclusions and recommendations of this research. 
Section 7.2 presents a comprehensive review of the results achieved. This is followed 
by a number of recommendations (section 7.3) for the practical implementation of 
policies to contribute to sustainable-affordable housing development in Kerala. The 
final section highlights the scope for further research. 

7.2 Achievements of this research 

The prime ohjective of this research was to gain a better understanding of the concept of 
sustainable-affordable housing for developing countries, in order to come up with 
improved strategies to meet the needs of economically weaker sections of population. A 
conceptual framework has been developed on integrating the four equally significant 
and interdependent objectives of sustainability, concerning socio-cultural, economic, 
technological and environmental factors. This framework has been adopted and tested in 
the context of Kerala (India). It has been applied in both the socio-political evaluation of 
low income housing programmes and in the technological evaluation of the building 
process in Kerala. In addition to this, the thesis has contributed to technological 
innovations of the building process by improving understanding of potential use of rice 
husk ash as a pozzolanic material to replace (partially) cement. This would greatly 
reduce the environmental pollution by the disposal of ricc husk, and create less 
expensive and more sustainable cement for huilding construction. This has been done 
by (i) addressing and discussing the long standing disagreement on the condensation of 
the silica network in rice husk ash (which determines its pozzolanic properties) during 
the incineration process of rice husk and (ii) identifying an affordable incinerator to the 
rural environments, requiring minimum infrastructure to produce rice husk ash 
pozzolana. The succeeding paragraphs presents the results achieved. 

7.2. J The conceptual framework 

A major achievement of this research is the devc\opment of the conceptual framcwork 
and its application on various aspects of housing, creating a comprehensive approach 
encompassing the different objectives of sustainahle-affordable housing. This 
framework ineludes (a) a conceptual model and (b) an objectives hierarchy model for 
sustainable-affordable housing. 
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a. Conceptual model and significance of interrelation between four aspects of 
sustainability in sustainable-affordable housing 

Figure 2.:1 (chapter 2) sketches the conceptual model for sustainable-affordable housing. 
It is repn:sented by four overlapping circles with each circle symbolizing one of the four 
aspects of (socio-cultural, economic, technological and environmental) sustainabilily. 
Socio-cultural needs and practices of the households and communities inlluence the 
primary requirements of housing. Sustainable housing should respond to these needs 
and requirements. Affordability or economic capacity of an individual plays a 
significant role in achieving his housing requirements. Thus sustainable-affordable 
housing for the poor can be defined as "housing which is accessible and affordable to 
satisfy the housing needs of people whose income does not enable them to afford 
housing suitable for their needs in the regular housing market". In this definition, the 
term 'accessible' refers to the feasibility to fulfil those present and future needs. The 
basic housing need of an individual is often a rellection of his or her socio-eultural 
needs. In that way sustainable-affordable housing is related to socio-cultural (basic 
needs) and environmental aspects (present and future needs) of sustainability. The term 
'affordable' in the definition mainly implies the affordability by the individual in 
fulfilling these needs. Innovative technological options are necessary for affordable 
housing solutions. In this sense it is connected to the economic sustainabiliry and 
affordability of sustainable technological options. Developments in the economy and 
social changes should be able to sustain ecology and improve potential resources for 
future generations. In the context of global population growth and the Earth's finite 
resources, the way in which human beings arc accommodated or sheltered is a major 
and integral part of the imperative to maintain a global environmental equilibrium. 
Hence sustainable building processes should be able to put emphasis on 
environmentally friendly technologies utilizing locally available waste materials and 
renewable resources. Therefore this framework assigns equal importance to all these 
four aspects of sustainability in sustainable housing and accepts their dependencies on 
each other. 

b. The objectives hierarchy model (CF1) for sustainable-affordable housing 

The objectives hierarchy model (Fig. 2.9) integrates both the perspective of the 
households (users) and the concepts of sustainability in housing development. It enlists 
the different objectives of sustainable-affordable housing under the four aspects of 
sustainability and analyses the housing issues based on the specified criteria. This model 
can be applied as a general tool for addressing housing problems and for modifying 
policies in any of the less developed economies. An adaptive version of this model is 
also developed and applied in this research for the evaluation of the building process. 
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The conceptual framework for sustainable-affordable housing (Fig. 2.10) is a 
combination of ohjectives (CF I) and strategies (CF2) for sustainahle-affordabk housing. 
The second part (CF2) helps in the formulation of strategies based on the evaluation 
using the objectives hierarchy model. 

7.2.2 Application of the conceptual framework in the evaluation of housing schemes 
in Kerala 

The conceptual framework for sustainable-affordable housing has been applied and 
tested in the context of economically weaker section housing in Kerala. The outcomes 
of these analyses had brought out valuable insights both in the housing situation of the 
low income households in Kerala and as well as in the signiticance of the correlation 
between different sustainability aspects in the housing programmes. Three types of 
analysis have been done. 

I. Analysis 1. Evaluation of the goals of several government programs 
(Chapter 3, section 3.3) 

2. Analysis H. Evaluation of government programs from the perspective of an 
observer (Chapter 3, section 3.3) 

3. Analysis Ill. Evaluation of several government programs from the perspet:tive of 
the beneficiary households (Chapter 4) 

The outcomes of these evaluations can be summarized under the following headings: 

T. Problems of low-income housing in Kerala and strategies for sustainable-affordahle 
housing 

11. Significance of correlation between different sustainability aspects 

Ad. I: Problems of low-income housing in Kerala and strategies for sustainahle
affordable housing 

The comparative evaluation from different perspectives identities a mismatch between 
the objectives and instruments of government policies and the real situation of 
beneficiary households. It underlines the failure of different housing policies (Box 7.1) 
with respect to sustainable housing development and understands that changes in 
policies over the years 1970 to 2000 have not led to significantly di rferent outcomes. 
The results of the evaluation and recommendations for strategic measures arc hricl1y 
discussed here under different aspects of sustainability, i.e. (a) socio-cultural. (b) 
et:Onomic, (c) technological and (d) environmental sustainahility. 
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Box 7.1 

a. Socio-cultural sustainability 

Socio-cultural sustainability of housing programmes has the It!ast significant role in the 
total sustainability of selected housing programmes. This explains the poor acceptability 
of the housing programmes among the users. The main aspt!cts could be identified as 

lack of flexibility or little adaptability of houses to the future requirements of 
households (One Lakh Housing Scheme-OLHS). 
increased dependency of households'on government support. 
poor involvement of both the households (OLHS) and community (Indira Awaas 
Yojana-IA Y and Total Housing Scheme-THS) in the building process. 
poor integration of amenities and services (lAY and THS). 

Policy measures for achieving socio-cultural sustainahility in housing should explain 
the importance of 

stimulating participatory housing through involvement of households and with the 
support of community. 
promotion of core housing concepts instead of rigid type designs. 
fostt!ring equality betwet!n citizens through cart!ful neighbourhood planning of the 
houses in such a way as to allow the mixing up of different income levels of the 
society in the same locality and to ensure adequatt! infrastructure facilities and 
community services. 

h. Economic sustainability 

The financial ahility of the households in all the cases is found to play a significant role 
in the economic sustainability of the housing programmes. This shows the importance 
of strategies to empower the poor for housing themselves. The economic un
sustainability of housing schemes in Kerala was clear from the following observations: 

the poor housing conditions of beneficiary households 
problems connected with land ownership and incomplete houses (lAY and THS) 
insufficient housing facilities (OLHS) and 
poor accessibility of the households to basic resources for housing (lAY and THS). 
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Economic sustainability of housing programmes can be ensured by improving the 
strategies for 

ensuring consistent income for the poor households by 

• empowering them in the different activities of the building process, like 

production of building materials and other skilled labour training. 
• integrating the housing schemes for the economically weaker sections with 

poverty alleviation programmes. 
ensuring accessibility to resources such as land tenure, supplementary loans, 

building materials, labour and infrastructure facilities. Accessihility to credit 

services can be improved by promoting micro-finance institutions and by flex.ibility 
in loan services depending on the needs of the household and their ability to make 

repayments. 
ensuring minimum housing facilities for the so-called completed houses. 

c. Technological sustainability 

The household surveys and case studies confirm the eoncern about the following factors 
of the technological sustainability of housing programmes in Kerala. They are 

scarcity of affordable materials and availability of skilled labor 
feasibility and affordability of technological options 
lack of technical guidance or supervision in the building process 

poor know-how of the building process 
poor know-how of cost effective alternatives 
excessive use of energy-intensiw materials 

The poor correlation (as found by SPSS analysis) between the socio-cultural and the 
technological factors in the housing programmes clearly illustrates the un-sustainability 
of the present building process in Kerala in terms of acceptability and feasibility of 

technological solutions. Strategies for technological sustainability should include 
measures for 

ensuring timely guidance and technical supervision in the building process 
ensuring the availability of materials and skilled labour 
empowering the beneficiaries to acquire minimum skills for the building process 
promotion of technological innovations 

promotion of the use of renewable and local materials 

d. Environmental sustainability 

Environmental sustainability of housing schemes in Kerala raises greater concern over 
other aspects of sustainability, as it has not received the desired attention, neither in the 
conceptualization stage nor in the perception of beneficiaries in real situations. The 
topics, which need immediate allcntion, are 
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insufficient basic services 
excessive conversion of agricultural land for housing and 
poor concern over the utilization of non-renewable resources 

Chaprer 7 

The little importance given to environmental factors, as revealed from the analysis, can 
he considered as one of the main reasons for the development of slum-like human 
settlements in the rural areas of Kerala. Policies should be improved to 

integrate basic infrastructure facilities as vital component of housing 
adopt proper regulatory measuws for conservation of agricultural land and against 
uncontrolled land reclamation for clay mining, housing and other development 
activities. 
ensure conservation of resources through energy efficiency in household activities, 
alternate solutions for renewable energy and by integrating rainwater harvesting 
methods. 

Ad 1I: Significance of correlation between different sustainability aspects 

The results of statistical analysis (Analysis ITI, chapter 4) confirm the inter-relations 
between the four aspects of sustainabilityas suggested in the conceptual model. 
Although the statistical relevance of this finding is somewhat limited due to the limited 
size of the sample and to the consequent choice for 90l7c, evidence to prove the validity 
of the framework, the relevance of the correlations between the factors gives an 
indication of its reliahility. This finding is corroborated and supported by the findings of 
the individual case studies described in section 4.2. These results also give a satisfactory 
indication on the validity and usefulness of this framework for further applications in 
similar situations. Significant findings can be listed as follows: 

the evaluation of public housing schemes in Kerala points towards the failure of 
implementation strategies because of the lack of integration of the four main 
aspects of sustainable-affordable housing, namely soeio-cultural, economic, 
technological. and environment factors. 
the evaluation of different housing programmes reveals the excessive dependency 
of the sustainability of housing programmes on the economic status of the 
households (to afford and maintain the houses) over the policy initiatives of the 
government. This confirms the failure of enabling strategies and shows the poor 
correlation between socio-cultural factors and economic factors in housing. 
the insignificance of correlation between socio-cultural sustainability and 
technological sustainability in all the housing schemes verifies the un-sustainability 
of the present building process in Kerala. It points towards the poor knowledge of 
the households of building processes, improper utilization of resources and 
difficulties in accessing innovative technology. 
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technological sustainability in all the cases had a strong correlation with economic 
sustainahility. This indicates the importance of the affordability of technological 
options. 
the insignificant correlation of socio-cultural sustainability and environmental 
sustainability gives an indication of the insufficient basic infrastructure facilities 
and poor concern in the Kerala district about the non-renewable resources. 
the meagre correlation between socio-cultural sustainability and economic 
sustainability shows the poor affordability of the housing schemes, especially in 
providing the basic shelter needs. 

7.2.3 Application of the conceptual framework in the evaluation of present building 
process in Kerala 

A selection of sustainable building alternatives suitable to the requirements of Kerala 
has been carried out in two stagcs (chapter 5). The first stage employs the conceptual 
rramework from Chapter 2 for a comprehensive analysis. However, in the second stage. 
a grading of basic building materials and popular technological options based on 
embodied energy has been done. Basically the second phase of grading plays a crucial 
rolc only when two alternative score equal points in the first phase analysis in making 
the most appropriate choice. The outcomes of this evaluation acknowledge the 
traditional building technology with laterite walls, Mangalore pattern tile roofing, and 
mud mortar as the most sustainable technological option for affordable housing in 
Kerala, where laterite is locally available. Locally produced hollow concrete block 
masonry can he suggested as an alternative technological option to replace laterite in 
other places. These findings point at the failure of Cost-Effective and Environmentally 
Friendly (CEEF) technological options in Kerala against the modern or prevailing 
energy intensive building process. This has led us to the conclusion that none or the 
technological alternatives can he feasible in practice if they do not have enough support 
and acceptance from society. The evaluation of the huilding process in Kerala 
underlines the need for 

popularization of the cost-effective and environmentally friendly technology 
alternatives and dissemination of technological innovations through proper 
strategies 
demonstration of technological innovations to the public so that they can 
experience the advantages. 
formulation of stakeholder groups including the technical experts to deliver the nl:W 
technology and post delivery services as to ensure proper implementation and usage 
of new innovations. 
innovative technology options which require unskilled labor. renewable resources 
and decentrali",ed production and 
popularizing affordable, l:nvironmentally friendly huilding materials suitable to the 
requirements of Kl:rala. 
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7.2.4 Rice husk ash pozzolana as a partial replacement for cement 

The search for new environmentally friendly affordahle materials has led to the 

experimental research on the pozzolanic activities of rice husk ash (chapter 6). This has 

been done to explore the possibilities of the production of a reactive pozzolana in rural 

environments with minimum infrastructure and utilizing the limited skills of poor 

households. Both experimental studies in the laboratory (a) and field studies on oven 

technology (b) were carried out. 

a. Lab research for reference sample from optimized conditions 

An experimental study was carried out in order to find the optimal temperature regime 
for the formation of crystalline silica from rice husk that can be used successfully as 

replacement for Portland cement. In literature contradictory findings on this point have 
been presented (Bui, 200 I; Mehta, 1978; Hamad et ai, 1981). From an in-depth study of 
the amount of soluhle silica and loss on ignition of different rice husk ash samples that 

were produced under different thermal condition is was found that incineration at 30o"C 
is unsuitable as not all carbon is expelled from the samples. The studies furthermore 

revealed substantial reactivity of samples burnt at 500°C or 700"C. This agrees with the 
earlier investigations of Mehta (1978) and Hamad et al. (1981). who had identi fled the 
temperature range of 500 to 700UC as optimum for reactive ash formation. Electrical 

conductivity test verified the good pozzolanic activity of the RHA samples at 500 and 
700°C, with systematic higher values for the samples incinerated at 500°C. XRD and 
microscopic analysis confirmed the amorphous character of both the RHA 500 and 

RHA 700 samples with the first crystalline material appearing at processing 
temperatures of 900"C and higher. To get insight about the formation of reactive 
material on a molecular level, a detailed analysis has been carried out using 29Si solid
state NMR. The broad Gaussian line shapes in the spectra of the different RHA samples 

supports the amorphous naturc or the silica in samples burnt at temperatures of 500°C 
and 700°C. At higher temperatures a gradual conversion to crystalline material was 
observed, in agreement with the XRD results. The amount of Q3 sites in the amorphous 
phase of the RHAs varied with a clear maximum for RHA 500-12Q with a Q4:Q3 ratio 

of 4: I. This sample also showed the highest conductivity drop in the pozzolanic activity 

test. So we came to the conclusion that the most reactive rice husk ash is produced after 
incineration for 12 hours at 500°C and subsequently quickly cooling thc sample down 

by directly removing it from the oven. 

b. Field ovensfor rice husk ash production 

For rural building applications, sophisticated ovens and techniq ues are not feasible and 
affordable to maintain the controlled conditions in the lab. The second part of the 
experimental technical research was carried out to identify an affordable incinerator to 
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produce reactive pozzolana for rural building applications in Kerala. Rice husk ash 
samples from three different types of ficld ovens, i.e. an annular kiln enclosure, a brick 
oven and a pit oven, were examined. We came to the following conclusions: 

rice husk ash samples from the annular kiln enclosure (RHA A) produced better 
results (higher mortar strength) in all the mix compositions compared with those 
from other field ovens. Therefore the annular type of oven can be suggested as an 
affordable and simple option for the small-scale production of rice husk ash in rural 
areas. A moditication of the annular enclosure with bricks instead of weld meshes 
is suggested as a long-term solution considering the limited life span of weld 
meshes. 
rice husk ash pOLZolanas from the brick ovens (RHA B) also gave reasonably good 
strengths with lime and cement in different proportions though those were inferior 
in strength compared to that from the annular kiln enclosure. 
the lower strength values of mortars with the ashes from the pit burning (RHA C) 
compared to the other samples can he due to longer period of incineration and slow 
cooling rate. Reducing the depth of the pit can modify this arrangement to ease air 
supply and result in hetter ash. 

7.2.5 Conclusion and Reflection 

This thesis integrates different perspectives to understand the housing problems in low
income countries, and to develop improved strategies to lead to sustainahlc-al'fordahle 
housing. These perspectives combine a technological outlook, mainly concentrating on 
huilding materials, with non-tcchnical aspects such as the socio-cultural outlook of the 
beneficiaries, the economic aspects of the building process, and the political aspects as 
seen from the government perspective. By integrating these perspectives in onc 
conceptual model, this thesis claims to improve our understanding on sustainable
affordable housing. Moreover, the conceptual framework proposed by this research has 
proved successful in functioning as a practical tool, both for evaluating the effectiveness 
of various policy approachcs hy the state government of Kerala, and the (lack of) 
outcomes of these policies as seen through the eyes of the beneficiaries. Another 
integration of technical an non-technical aspects has been achieved by evaluating the 
potentials of ril:c husk ash as a partial replacement to cement, hy comhining the 
technical evaluation with various non-technical aspects such as affordability, 
availability of local materials, and know-how by unskilled people. Although the 
viahility of these ovens for rice husk ash production has not been tested under field 
conditions in Kerala or elsewhere in India, this research points into a clear direction for 
sustainahle-affordable housing utilizing renewahle and less energy intensive building 
materials suiting to the requirements of households and as well as on the concepts of 
sustainability. This research thus combines conceptual analysis, tool development, 
technical analysis and innovation in such a way that it has both theoretical and practical 
relevance. 
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7.3 Recommendations for implementation 

The evaluation of puhlic housing schemes in Kerala urges the need for efficient and 
effective implementation strategies, suitable for the socio-economic and cultural 
specitications of the state. This section proposes some recommendations for the 
practical implementation of sustainable-affordable housing in Kerala. 

a. Integrated approach 

The evaluation of public housing schemes in Kerala identifies the integration of the four 
aspects of sustainability as the crucial element for sustainable-affordable housing. The 
invol vement of all stake holders in the building process including beneticiary 
households, the local community, non-governmental organizations, and the local 
government can strengthen the integration of these aspects. Therefore, the overall 
process requires the support from a strong network of different stakeholders and 
institutions to achieve its objectives. 

b. Formulation ofsupport mechanism 

The lindings of this research strongly argue In favor of formulating a support 
mechanism ("Housing Support Organizations" similar to that of People's Housing 
Process of South Africa) for capacity building and for enabling people to address their 
own housing needs. Inaccessibility to resources (including land, tinance and 
technology) is one of the main obstacles for the poor households in Kerala in achieving 
their shelter needs. Hence the enabling strategies should merge with sustainable 
solutions to overcome this. Support mechanisms in the form of "Housing Support 
Organizations" can hclp the households in securing subsidies, obtaining land ownership 
and accessing technical, financial, logistic and administrative support related to housing 
activities. 

c. Ensuring the affordability of households 

Ensuring consistent income by empowerment or facilitating income-generating 
activities should be considered as the initial step for sustainahle-affordahle housing. The 
principle of micro financing as developed by the Grameen Bank (Bangladesh) is a 
fruitful solution for achieving economic sustainahility in housing. 

d. Ensuring the technological sustainability in the building process 

The present Building Centers or other technology organizations could probably act in a 
role to ensure the sustainability of the building process. Enahling the households in the 
building activities, production and supply of building materials, arranging skilled labor, 
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and dissemination of technological innovations should be their prime concern. All 
beneficiary households should be given a preliminary awareness and basie know-how 
on the building process. Further, extensive training should be given for interested 
households on different activities related to the building process such as building 
material production and other construction activities. These Centers should also be 
made responsible for popularizing and improving the innovative technological 
alternatives (CEEF technology) according to the requirements of the locality and 
making it fcasible to the public. Locally available waste materials from agricultural and 
industrial processes, which are less energy intensive and require unskilled labor. should 
be identified and promoted. For example, the field burning arrangements developed in 
this research can be popularized through these organizations by enabling the households 
in the production process and making them aware on the advantages. 

e. EnsurinR basic infrastructure facilities and conservation of resources 

Ensuring physical infrastructure needs special concern in the case of individual 
households. Specific guidelines should be adopted for ensuring basic services such as 
water, sanitation and waste management. Provision of toilets and drainage facilities 
should be made an integral part of housing. 

7.4 Scope for further research 

The following themes could be considered for further research. 

a. Application of cunceptual jl-amewo rk in of her developing countries 

The proposed conceptual framework can be applied to other developing countries for 
sustainable housing solutions. Testing and further application of this framework is 
suggested for other countries. 

b. Further experimental research 011 rice husk ash pozzoiana 

Further researches on rice husk ask as replacement for Portland cement should include: 
Bulk production of rice husk ash 
Environmental problems on rice husk ash production and 
Exploration of the potential of rice husk ashes from the rice mills after utilising its 
fuel value. 

The field ovens proposed in this research are suitable for small-scale production of rice 
husk ash pozzolana. Further research is necessary for improving the affordability of this 
material through bUlk production to make it readily available through a somewhat 
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centralized outlet (such as Building Centre) in the rural areas. Utili7.ation of the fuel 
value of RHA can further improve the economic value of this waste material. Hence 
more advanced research is suggested to explore the potential of rice husk ashes directly 
obtained from the places where it is being used as fue\. 

c. Experimental research to check the suitability of straw bale technoloKY ill the 
environmental condition of Kerala 

Even though straw bale technology is proposed as an alternative sustainable option for 
buildings. its compatibility with the environmental conditions of Kerala is yet to be 
investigated. This is purely a new concept to the building process in Kerala and has 
never been introduced. Hence prior monitoring and practical applications are necessary 
to investigate their structural performance and sustainability to gain acceptance. 
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Summary 

The persistence and growth of poor shc1ter conditions, particularly in the developing 
countries, is a worldwide stumbling block to socio-political stability and economic 
development (UNCHS, 1990). The causes and nature of these problems differ from 
country to country, depending on local social, economic and political contexts. The 
multidimensional nature of this issue has been the focus of this research and addresses 
the following main question within the context of Kerala (India). 

How to develop an integrated framework to analyze (both for the evaluation of policy 
and building process) the housing problems of the poor (from their own perspective), 
and which sustainable materials or technological options could be suggested along with 
policy recommendations to achieve sustainable-affordable housing in Ke ra la ? 

This thesis integrates different perspectives to understand the housing problems in low
income countries, and to devc10p improved strategies leading to sustainable-affordable 
housing. These perspectives comhine a technological view, mainly concentrating on 
building materials, with non-technical aspects such as the socio-cultural view of the 
beneficiaries, the economic aspects of the building process, and policy aspects as seen 
from a government perspective. This research combines conceptual analysis. tool 
devc1opment, technical analysis and innovation in such a way that it has both theoretical 
and practical relevance. 

These objectives have been approached and achieved by addressing a number of suh 
qucstions. The succeeding sections summarize this under five heads. 

1. Housing issues: a framework for conceptualization 

How can the housing problems he evaluated from the perspective ()f the users, in such a 
way as to contrihute to sustainahle development '! 

Figure / Basic concept for sustainable-affordable housing 
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Sustainable-atTordable housing development has been conceplUalized as a combination 
of four equally significant aspects of sustainability, namdy socio-cultural, economic, 
technological and environmental (Fig. I). 

Social and cultural factors determine the primary requirements of housing. The financial 
capacity or affordability by an individual or family has the immediate effect of trans
forming this need or requirement into a sound reality. Technology acts as a catalyst to 
help realizing this, by providing affordable options suiting individual requirements and 
changing circumstances. The environment is the carrier of the ahove and should be 
sustained for future generations as well as accomplishing present demands. This frame
work is a moditication of the three pillar concept of sustainable development (UN) 
incorporating an additional technology factor. Sustainahle-affordable housing for the 
poor can thus be defined as "housing which is accessible and affordahle to satisfy the 
housing needs of people whose income docs not enable them to afford their housing 
suitable to their needs in the formal housing market, having a minimal impact on the 
environment" . 

A hard-core policy framework is inevitable for the efficient working of implementation 
systems, optimizing limited resources and integrating the demands and requirements of 
various actors in accordance with changing circumstances. It is also essential to create a 
'pull' from the side of beneficiaries rather than being a 'push' from the authorities in 
achieving the development of sustainahle housing. The conceptual framework for 
sustainable-affordahle housing developed in this thesis is a combination of these 
objectives and strategies for sustainahle-affordable housing. 

The 'objectives for sustainable-affordable housing' have been defined using a 
methodology resembling that of Value Focused Thinking (VFr). It helps in identifying 
the needs of the households from the perspective of households based on the principles 
of sustainable development. The objectives were used to construct an evaluation 
framework, which have been applied and tested within the context of Kerala for the 
evaluation of housing issues. Based on the analysis and evaluation of the Kerala cases, 
strategies are formulated in accordance with the requirements of sustainable-affordable 
housing. 

2. Evaluation of public housing schemes: Kerala 

What were the various policy approaches in the previous years in India (Kerala) 
addressing the shelter prohlems of the poor and how far have the different schemes 
been successful in achieving sustainable housing development and what is the real 
housing situation afthe poor households in Kerala? 



Summary 233 

The housing situation in Kerala is quite different from other parts of India. Despite the 
positive trend (diminishing quantitative housing deficits) in the housing conditions, a 
close analysis shows that the poor and lower segments in society often do not get the 
necessary assistance for the actual construction and completion of houses. Visible slum
like areas occur in human settlements in rural parts of the state, with many inhabitants 
still deprived of basic facilities like drinking water and sanitation. Though the poor 
manage to get support, government sponsored projects often fail to meet the initial 
goals. 

The review of the evolution of the present housing policy in Kerala reveals a rellection 
of global policy changes during the corresponding periods, but with minor moditica
tions to cope with the interests of political leaders and policies of the respective 
governments. State government intervention in public housing was pioneered by the 
launching of the so-called One Lakh Housing Scheme (OLHS), with the role of the 
government panially as a 'provider' of public housing (Phase I). Even though by that 
time (1970s) the International agencies that were constantly advocating public housing 
had already shifted their focus from this approach, the government of Kerala promoted 
this with a few modifications. 

The housing schemes implemented during the Fifth Five Year Plan (1974-79) addressed 
the issue of rural housing. The basic principle of shelter provision under this scheme can 
be said to be onc of 'aided self-help' (Phase II), wherehy the government selects the 
potential users (beneficiaries), arranges for financing and administrative procedures, and 
the users provide the entire or part of the lahor input. This, new shift in policy was in 
line with the international poli~ies based on aided sel f-help and mutual help marking the 
second phase. 

The 1990s witnessed significant changes in housing policy. The National Housing and 
Habitat Poli~y of 1998 addressed the issues of sustainahle development, infrastru~ture 
and strong public private partnership for shelter delivery. This was a true mirror image 
of the whole sector development concept of UN and World Bank (Phase TII). In 1996, 
with the decentralization movement, local governments started getting involved in 
different development activities in Kerala. The 'Total Housing Scheme' (J998) was 
introduced during this period with the concept of whole sector development with the 
local or self government as the implementing agencies. 

Three government housing schemes [One Lakh Housing Scheme (OLHS), Indira Awaas 
Yojana (lA Y) and Total Housing Scheme (THS)] were identified for detailed 
evaluation on the basis of their representative nature in policies with those of the 
international agencies, their uniqueness in implementing agencies and other particular 
characteristics (Table 3.3, chapter 3). 
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Figure 2 Comparisol/ of differenr aspe("/s of:;u.\·rainability according (/ijferellt housillR 
schemes. i.e. socio-cultllral. economical. tt'chn%Rica/ and environmental. from lhe 
perspectil1es of the ROt'emmelll (A I} and users (A If alld A Ill). 

Thl! sustainability analysis has bt:en carried oul in Ihree stages (from different perspec
tives) usi ng the cri te ria derived from the concepwal framework. The first stage of 
analysis (Analysis I) has been done 10 evaluate the goals of the government programs 
and the second as well as the th ird stages (Analysis 11 and UI) In assess the real situation 
of the beneficiary households. Analysis I is based on infonnm ion provided by govern
ment report" and government ofli cials. Analysis 11 has been done based on the re
searcher's noservations from Ihe fi el d. and Analysis III based nn information from 
household surveys. Fig. 2 (a to tI) prl!sents the results on various aspects of sustainahi
lity of the selected schemes hased on the analysis. Irrespective or the different policies 
of {he government, the repn:scnlalive schemes selecled for evaluation from each phase 
of roliey do not ~how signi li eanl differences between the e nd results. and all of them 
seem to hav!;: partially failed in achieving the ir goal of sustainable housing. 
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The mismatch between the perceptions (goals) of government and the real situation of 

the beneficiary households (results) is clear from the evaluation. This shows the in
effectiveness of the different policies and need for effective policies for proper imple
mentation. 

In general the evaluations show that Analysis I (from the perspective of government) is 
systematically more positive than the evaluations by the researcher and the beneficiaries 
(Analysis IT and III). The evaluations show the lack of integration of the four main 
aspects of sustainable-affordable housing, namely socio-culLural, economic, technologi
cal, and environment factors and how it has contributed towards the failure of imple
mentation strategies. The overlooking of socio-cultural and environmental factors in the 
housing programmes, poor accessibility to resources, improper awarem:ss of the buil
ding process as well as the availability of innovative technological options, and insuffi
cient basic services arc identified as the main obstacles for the poor households in 
Kerala. The low afTordahility by the households and lack of consistent income further 
added to their problems. 

3. Evaluation of present building process: Kerala 

Does the present building process in Kerala contribute to sustainable housing? If not 
what are the recommendations for modifyinl!, it? 

An evaluation of a selection of sustainahle huilding alternatives suitahle to the 
requirements of Kerala was carried out using the conceptual framework. A grading of 
hasie huilding mawrials and popular technological options based on embodied energy 
was also done to add a semi-quantitative refinement. Basically this grading only plays a 
decisive role when two alternatives score equal points in the comprehensive analysis to 
make the most appropriate choice. The outcomes of this evaluation acknowledge the 
traditional building technology with laterite walls, Mangalore pattern tile roofing, and 
mud mortar as the most sustainable technological options for affordahle housing in 
Kerala, where laterite is locally availahle. Locally produced hollow concrete block 
masonry is suggested as an alternative technological option to replace laterite in other 
places. These findings illustrate the sad failure in implementing cost-effective and 
environmentally friendly (CEEF) technological options in Kerala compared to the 
market success of the prevailing 'modern' energy-intensive building process. It leads us 
to the conclusion that none of the technological alternatives can he feasible in practice, 
if they have not enough support and acceptance from society. 
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The evaluation of the building process in Kerala underlines the need for 

the popularization of the cost-effective and environmentally friendly technology 
alternatives and dissemination of technological innovations through proper strate

gies. 
the demonstration of technological innovations to the public so that they can expe

rience the advantages. 
the formation of stakeholder groups including technical experts to deliver environ
mentally friendly technology and post delivery services to ensure proper imple
mentation and usage of new innovations. 
innovative technology options, which demand unskilled, labor, renewable resources 
and decentralized production. 

4. Rice husk ash pozzolana as a sustainable alternative to cement 

How can rice husk ash pozzo[ana be developed locally as a sustainahle alternative to 
replace cementfor the primary huilding appli~·ati()n.l' in Kerala? 

The search for new environmentally-friendly affordable materials has led to the 
experimental research on the pozzolanic activities of rice husk ash (chapter 6). It has 
been done to ex.plore the possibilities in the production of a reactive pozzolana in rural 
environments with minimum infrastructure and utilizing the limited skills of poor 
households. An in-depth characterization of rice husk ashes has been conducted as the 
tirst phase of this expl:rimental tcchnical research to identi fy the optimum conditions for 
producing a reactive ash from rice husk. The rice husk ash produced after an incinera
tion for 12 hours at 500°C and subsequent quick cooling by directly removing it from 
the oven is identi fled as the most reactive sample. This is in agreement with earlier 
investigations by Mehta (1978) and Hamad et al. (1981) who have identified the tempe
rature range of 500°C to 700°C as optimum for reactive ash formation. At the same 
time, these findings disagree with a few other investigations (cited by Bui, 20(H) 
regarding the formation of crystalline silica at lower temperatures. The present research 
thus makes a contribution in solving the dispute regarding the crystallization 
temperature of silica during the incineration of rice husk. 

The second part of this ex.perimental technical research was carried out to identify an 
affordable incinerator to produce reactive pozzolana for rural building applications in 
Kerala. Rice husk ash samples from three differcnt types of field ovens were examined. 
We came to the following conclusions: 

rice husk ash samples from the annular kiln enclosure (RHA A) produced better 
results (higher mortar strength) in all the mix compositions compared with those 
from other field ovens. Therefore the annular type of oven is suggested as an 
affordabk and simple option for the small-scale production of rice husk ash in rural 
areas. A modification of the annular enclosure with bricks instead of weld meshes 
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is suggested as a long-term solution considering the limited life span of weld 
meshes. 
rice husk ash pozzolanas from the hrick ovens (RHA B) also gave reasonably good 
strengths with lime and cement in different proportions though those were inferior 
in strength compared to that from the annular kiln enclosure. 
the lower strength values of mortars with the ashes from the pit burning (RHA C) 

compared to the other samples can be due to a longer period of incineration and 
slow cooling rate. Reducing the depth of the pit can modify this arrangement to 
ease air supply and result in better ash. 

5. Strategies and Recommendations for sustainable-affordable housing in Kerala 

What policy recommendations can be proposed (particularly for the economically 
weaker sections) for sustainable-affordable housing so as to contribute fo sustainable 
development? 

Based on the evaluation, a number of strategies for the development of sustainahle
affordahle housing are proposed: 

Policy measures for achieving socio-cultural sustainability: 
Stimulate participatory housing through involvement of households and with 
community support. 
Promotion of core housing concepts (basic units adaptahle to changes according to 
future requirements) instead of rigid type designs. 
Fostering equality heLween citizens through careful neighhorhood planning to allow 
the mixing up of different income levels of society in the same locality, and to 
ensure adequate infrastructure facilities and community services. 

Strategies for economic sustainability should include measures to 
ensure steady income for poor households 
ensure accessibility to resources such as land tenure, supplementary loans, building 
materials, labor and infrastructure facilities. 
improve accessibility to cn:dit services by promoting micro-finance institutions and 
flexibility in loan services depending on the needs of the household and their ability 
to make repayments. 
ensure a minimum level of housing facilities. 

Strategies for technological sustainability should include measures to 
ensure timely guidance and technical supervision in the building proccss 
ensure the availahility of materials and skilled labor 
empower the beneficiaries to acquire minimum skills for the building process 
promote technological innovations 
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promote the use of renewable and local materials 

Strategies for environmental sustainability should include measures to 
integrate basic infrastructure facilities as vital component of housing 
adopt proper regulat6ry measures for the conservation of agricultural land and 
against uncontrolled land reclamation, for clay mining, housing and other 
development activities. 
ensure conservation of resources through energy efficiency in household activities. 
alternate solutions for renewable energy, and by integrating rainwater harvesting 
methods. 

The evaluation of public housing schemes in Kerala urges the need for efficient and 
effective implementation strategies. suitable for the socio-economic and cultural specifi
cations of the state. It identifies the integration of the four aspects of sustainahility as 
crucial for achieving sustainable-affordable housing. The involvement of all stakehol
dt!rs in the building process including beneficiary households, the local community. 
non-governmental organizations, and the loelfl government can strengthen the integra
tion between these aspects. 

Recommendations proposed are: 
an integrated approach in the overall process with support from a strong network 
of all the differt!nt stakeholders and institutions to achieve the objectives of sustain
able-affordable housing. 
the formulation (!f a support mechanism ("Housing Support Organizations" similar 
to that of People's Housing Process of South Africa) for capacity building and to 
enable people to address their own housing needs. 
to improving the affordability for households, by ensuring a consistent income 
through empowerment or through facilitating income-generating activities. 
to ensure the technological sustainability in the buildinl? process 
to ensure basic infrastructure facilities and the conservation of resources 
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SAMENV ATTING 

De hardnekkigheid en de groei van slechte huisvestingcondities, voornamclijk in ont
wikkclingslanden, vormen ecn struikelblok voor sociaal-politiekc stabiliteit en voor 
cconomische ontwikkeling (UNCHS, 1990). Dc oorzaken en de aard van deze proble
men verschillen van land tot land, en zijn athankelijk van de lokale sociale, economi
sche en politicke contexten. Het multidimensionale karakter van dit probleem heeft de 
focus gevormd voor dit onderzoek en hecft geleid tot de volgende hoofdvraag in de 
context van Kerala (India): 

Hoe kan een Reintegreerd raamwerk worden ontwikkeld om het huisvesringsprobleem 
van de armen (vanuit hun eiRen perspecliejJ te analysercn (zowel wat betreft het helcid 
als het bouwproces) en welke duurzame materialen of technoloRieen kunnen samen met 
heleidsaanbevelingen warden voorgesteld om duurzame en betaalhare huisvcsting in 
Kerala re bel1,'erkstelligen? 

Oil procfschrift integreer: verschillende perspectieyen om hl:l huisvestingsprobleem in 
ontwikkelingslandcn te kunnen bcgrijpen, en om verbeterde stratcgicl5n le ontwikkelen 
die kunncn Icidcn tot duurzame en bctaalbare huisvesting. Deze perspectieven combine
ren een technologische invalshoek, die vooral concentreert op bouwmalerialcn, met 
niel-technischc aspectcn zoals de socio-culturcJe invalshoek van de begunstigden, de 
ceonomische aspecten van het bouwproces, en de belcidsaspecten vanuit het perspecticf 
van de overheid. Het onderzoek combineert conceptuele analyse, mcthodiekontwikke
ling, technische analyse, en innovatie op cen manicr die zowcJ theoretische als prakti
sche relevantie heeft. 

Dit doel kon bereikt worden door cen aanlal subvragen le stellen, waarvan de hcant
woording noodzakclijk was voor het verkrijgen van inzicht in de totaalproblematiek. Dl: 
vijf onderdclen van deze samenvatting vatten deze decJvragen samen. 

I. Huisvestingskwesties: Een raamwerk voor conceptuaIisering 

Hoe kUllnen huisvestingsprohlemen zodanig worden geevalueerd vanuit het perspectief 
van de gebruikers daf dit kan bijdragen tot duurzame olltwikkeling? 

Duurzame en belaalbare huisvcstingsontwikkeling is geconceptualisccrd als een combi
natie van vier even belangrijke aspecten van duurzaamheid, namelijk sociaal-culturele, 
economische, technologischc en ccologischc duurzaamheid (figuur I). 

De sociale en culLurcle factoren bcpalcn de belangrijkste te stellen eisen aan huisves
ling. Dc linanciele positie of draagkrachl van een individu of een familie heeft een 
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Figuur J Basisconcept voor duurzame en betaalbare huisvesting. 

direct effect op het omzetten van de behoefte of noodzaak in een eoncrete rcaliteit. 
Tcehnologie treedl op als katalysator om dit te realiseren, door betaalbare opties le 
leveren die passen bij individucle eisen en veranderende omstandighcden. Het milieu is 
de drager van het bovenstaande en moet worden ontzien om ecn draagvlak le creeren 
voor toekomstige generaties, en tevens te voldoen aan de behoeften van de huidige 
generatic. Dit raamwerk is een aanpassing van het "3-P" concept ("People, Planet, Pros
perity") voor duurzame ontwikkcling (VN) met toevoeging van de technologischc 
factor. Duurzame en betaalbare huisvesting voor de armen kan dus gedefinicerd worden 
als "huisvesting die bereikhaar en betaalbaar is zodat in de huisvestingsbehoefte wordt 
voorzien van mensen wier inkomen het niet toelaat om via de regulicre markt cen huis 
te betrekken dat bij hun cisen past. en die cen minimaal cffect heef! op het milieu". 

Een duidclijk beleidsraamwcrk is onyermijdelijk voor efficicnte implementatiesyste
men, die de bepcrkte middelcn kunnen optimaliseren en de vcrschillendc behoeften en 
wensen van diverse actoren ondcr veranderende omstandighcden kunnen integreren. 
Ook is het essentieel om op het gebicd van duurzamc huisvestingsontwikkeling een 
"trekkracht" le creercn vanaf de kant van de doelgroep in plaats van een "stuwing" van
af te kant van de autoriteiten. Het conceptuele raamwerk voor duurzame en betaalbare 
huisvesting dat in dit proefschrift is ontwikkeld is cen combinatie van deze doc\en en 
strategiecn yoor duurzame en betaalbare huisvesting. 

De "doclen yoor duurzame en bctaalbare huisvesting" zijn gedcfinieerd door een mctho
dologic te gebruikcn die lijkt op "Value Focused Thinking" (VFT). Het helpt bij het 
identiliceren van de bchoeftcn van de huishoudens vanuit het perspectief van de huis
houdens en is gebaseerd op de principes van duurzame ontwikkeling. De doelen zijn 
gcbruikt om ccn evaluatiekader te ontwerpen dat is toegepast en getcst in de context van 
Kerala your de evaluatie van huisvestingsvraagstukken. Op basis van de analyse van de 
cases in Kerala zijn er slrategicen geformuleerd die in overeenstemming zijn met de 
eisen voor duurzame en betaalbare huisvesting. 
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2. Evaluatie van de programma's voor publieke huisvesting: Kerala 

War waren de verschillende heleidshenaderingen in voorgaande jaren in India (Kerala) 
voor de huisvesfingsproblemen van de armen, en in hoeverre zijn de verschillende pro
gramma's succesvo! geweesr in het bereiken van duurzame huisvestinf?sontwikkeling, en 
war is de daadwerkelijke huisvestingssitltatie van de arme huishoudens in Kerala? 

Dc huisvcstingssiluatic in Kerala vcrschilt sterk van die in andere dden van lndia. On
danks de positieve trend in de huisvcstingssiluatie (de kwantitatieve huisvestingste
korten nemen al) laat nadcre analyse :lien dat de arITIe en lagerc segmenlcn van de 
samenleving zeer vaak niet de nodige hulp krijgen voor de daadwerkelijk constructie en 
voltooiing van huizen. Er zijn zichtbarc sloppenwijkachtige gchieden in landclijke delt:n 
van de staat, waar veel inwoncrs nog steeds nict voorzien zijn van basisfaciliteiten zoals 
drinkwater en sanitain: voorzieningcn. Hoewel de armen het klaarspelen om steun te 
krijgen, falen overheidsgelinancicrde projcctcn vaak. 

Een overzicht van de ontwikkeling van het huidige huisvcstingsbclcid in Kerala laat 
zien dat de wcrcldpolitieke vcranderingen zich wcerspiegclcn in de correspondcrende 
perioden, maar met klt:ine aanpassingen aan de bclangen van politieke leiders en het 
heleid van de verschilkndc overheden. Met de introductie van het "One Lakh Housing 
Scheme" (OLHS) (I Lakh is hondcrdduilend) werd er geexperimenteerd met interventie 
vanuit de staatsoverheid in pubJieke huisvesting, waarbij de rol van de overheid deels 
die van verschalTer van puhlieke huisvesting was (Fase I). Hoewel in die periode Uaren 
70) de inlernationale organisaties die constant publiekc huisvesting hadden gepromoot 
zich hadden verwijderd van deze benadering, promootte de regcring van Kcrala dit met 
enkele kleine modilicaties. 

De huis vestingsprogramma' s die tijdens het vij fde vij (jarenplan (1974-1979) gci"mple
menteerd werden, richtten zieh op het probleem van huisvcsting in de landcJijke gebie
den. Het basisprincipe van huisvesting binnen dit programma kan beschouwd worden 
als 'zelfvoorziening met hulp' (Fase 2), waarbij de overheid de potentiCle gebruikers 
(begunsligden) sclecteert en zowcl de financiering als de administratieve proccssen re
gelt, lerwijl de gebruikcrs zelf geheel of gedeeltelijk de noodzakcJijke arbeidskracht 
leveren. Deze nieuwe vcrschuiving van het bcleid lag in lijn met het internationalc 
beleid dat was gebaseerd op zelfvoorLicning met hulp en onderlinge hulp dat de twcede 
fase kcnmcrkte. 

In de jaren '90 traden er significantc verunderingcn op in het huisvestingsbeleid. Het 
nationalc huisvestings- en leefgebicdbelcid van 1998 (National Housing and Habitat 
Policy) richtte zich op de kwesties duurzamc ontwikkeling, infrastructuur en sterke pu
blick-private samenwerking voor huisvcsting. Dil was duidelijk een weerspicgeling van 
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het concept van integrale sectorontwikkcling van de VN en de Werddbank (Fase :). 
Met de decentralisatiebeweging begonnen lokale overheden in 1996 betrokken te raken 
bij de verschillende ontwikkelingsactiviteiten in Kerala. In deze periode werd het inte
grale huisvestingsprogramma (Total Housing Scheme, 1998) geintroduceerd vanuit het 
idee van integrale seetorontwikkeling met de lokale overhcid of locaal zelfbestuur ab 
implemcnterend orgaan. 

Drie huisvcstingsprogramma's van de overheid [One Lakh Housing Scheme (OLHS), 
Indira Awas Yojana (lAY) en Total Housing Scheme (THS)] zijn uit de verschillende 
fasen geselecteerd voor een gedetailleerde evaluatie op basis van hun representativiteit 
op het gebied van beleid in vcrgelijking met het belcid van de internationale organisa
ties, hun eenmaligheid wat betreft implementerende organisaties en andcre typerende 
eigenschappen (zie hoofdstuk 3). 

De duurzaamheidanalyse is uitgevoerd in dric fasen (vanuit verschillcnde perspec
tieven), met gebruikmaking van de criteria die zijn afgc1cid van het eonceptuele raam
werk. In de eerste fase van de analyse (Analyse I) zijn de doelen van de overheidspro
gramma's geevalueerd. In de tweede en de derde fase (Analyse Il en Analyse III) is de 
werkc1ijke situatie van de begunstigde huishoudens bepaald. Analyse 11 is gebaseerd op 
de vc1dwaarnemingen van de onderzoeker en Analyse lIT is gebaseerd op de informatie 
uit de enquctes onder de huishoudens. 

De tiguren 2(a) tot en met 2(d) laten de resultaten van de analyse zien, waarbij de ver
sehillende aspeeten van duurzaamheid van de geselceteerde programma's aan de orde 
komen. Ongeaeht de verschillen in bcleidsaanpak van de overheden tonen de represen
tatievc schema's die geselecteerd zijn uit iedere fase in de bcleidsuitvoering niet veel 
verschil in het eindresultaat. Het lijkt erop dat aHc programma's deels gefaald hebben in 
hel bereiken van hun doel, namelijk duurzame huisvesting. 

De evaluatie maakt het versehil tussen de doelen van de overheid en de werkelijke 
situatie van de begunstigdc huishoudens (het resultaat) duidelijk. Dit laat zien dat de 
verschillende projecten incffcctief zijn, en maakt de bchoefte aan ccn meer effectief 
beleid voor een goede implementatie duidelijk. 

In het algemeen tonen de evaluaties dat Analyse I (vanuit het perspectief van de 
overheid) systematisch posiliever is dan de evaluaties van de onderzoeker en van leden 
van de doelgroep (Analyses IT en Ill). Dc evaluaties tonen het gcbrck aan integratie van 
de vier belangrijkste aspecten van duurzame en bctaalbare huisvesting, namelijk soci
aal-culturele, economische, teehnologische en ecologische factoren, en hoe dat heeft 
gclcid tot het falen van implementatiestrategiecn. Het over het hoofd zien van sociaal
culturele en milieufactoren in de huisvestingsprogramma's, de slechte toegankelijkheid 
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Figuur 2 VergelijkillJ; vw/ de ver.~chi1lellde uspeclell run duurzuwn/wjd, I.W. sociual· 
culturele, eCOllomische, teclllloloRi.H·he ell milieu-aspectcn, in w:rschillende /win'es
lingprogrummu '.5, gezicn valluit de pen-pectievell vu/! de overheid (AI) en de Rehrllikers 
(All en Alii). 

101 de hulpmidJclen. de oneigcnlijke k~nnis van 7.owcl het bouwproces als van innova
tieve technologischc optics, en het gcbrck aan bas isvoorLi~ningen Lijn ge"idcntificcerd 
als de bdangrijkstt! obstakefs voor d~ armc huishoudcns in Kcrala. Dc lagc economi· 
sc hc draagkracht van de huishoudcns cn het gcbrck aan cc n consistent inkomcn dragen 
verder bij aan de problcmen o. 

3. Evalua til! van het huidige bou wp roces: Kerala 

Drua!:t het /lII idigc /Jo'mproce,f in Kera/a bij aWl duurzame huisvt:srillg? Z" II iet, welke 
uWlpassingell kUllllen dall U(lnbc\'o/ell lI'ordell '! 
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Met behulp van het conccpruele raarnwerk is er een selectic uitgevoerd van duurzame 
bouwalternatieven die aan de specifieke eisen in Kerala voldoen. Ook is er een waanle
bepaling uitgevoerd van gangbare bouwmaterialen en populaire tcehnologische moge
lijkheden. Dezc waardehepaling was gehaseerd op "energie-inhoud" en vocgt een scrni
kwantitatievc verfijning toe. In feite speelt deze waardcring alleen een crueiale rol 
indien cen gcschikte keu7.e moe! worden gemaakt tussen twee alternatieven die een 
gelijke score bchalcn in de uitgebrcide analyse. Dc uitkomsten van dezc evalualie geven 
aan dat de traditionele bouwtcchnologie met latcrietmuren, dakpannen in het Mangalore 
patroon, en rnortel van leem de meest duurzarne technologische optie is voor betaalbare 
huisvesting in Kerala, waar lateriet loeaal heschikhaar is. Voor andere locaties wordt 
metselwerk met lokaal geproduceerde holle betonblokkcn geadviseerd als alternatieve 
technologische optie die lateriet kan vervangen. Deze bevindingen illustreren het falen 
van kosteffectieve en milieuvriendelijke (CEEf) technologische optics in Kerala tcgen
over het marktsucces van het overhecrsende modcrne encrgic-intensieve bouwproces. 
Dil Icidt ons tot de conclusie dat geen van de tcchnologischc alternaticvcn in de praktijk 
haalbaar is als ze niet op genoeg draagvlak·en acceptatie van de maatschappij kunnen 
rekenen. 

De evaluatie van het bouwproces in Kerala ondcrstreept de behoeftc aan: 
Popularisatie van kostcffectieve en milieuvriendelijke Icchnologische alterna!ieven 
en verspreiding van lechnologischc innovaties door middel van geschikte strate
gieen. 
Demonstralie van technologischc innovaties aan het publiek zodat het de voordelen 
ervan kan crvaren. 
Het forrneren van groepen stakeholders, inclusief technische experts, zodat de nieu
wc technologie geleverd kan worden, samen met de begeleiding die na de levering 
nodig is zodat ecn goede toepassing en correct gebruik van innovaties gewaarhorgd 
kan worden. 
Innovaticve technologische opties die gebruik maken van ongeschooldc arbeid, ver
nieuwbare grondstoffen en gedecentraliseerde productie. 

4. Puzzolane rijstkaf-as als een duurzaam alternatief voor cement 

Hoe kun puzzolane rijstkaf-as lokaal ontwikkeld worden als duurzaam alternatief voor 
cement vour de primaire bouwtoepas.fingen in Ke ra la ? 

Dc zocktochl naar nieuwc milieuvriendclijke en betaalbare material en heeft geleid tot 
experimentecl onderzoek naar de puzzolane activiteit van rijstkaf-as (hoofdstuk 6). Dil 
is gedaan om de mogelijkheden le onderzocken voor de productie van een reaclieve 
puzzolaan in een landelijke omgeving met ccn minimale infrastructuur met gebruik
making van de beperkte vaardigheden van de arme huishoudcns. Als eerste fase van dit 
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experimentele technische llndcrzoek is ecn dicpgaande karaktcrisering van rijstkaf-as 
uitgcvoerd om dc optimale condities voor het produ.:eren van een reactieve as van 
rijstkaf le identi ficeren. Het meest reactieve monSler dat gevonden is, is een rijstkaf-as 
dat geproduccerd is door ecn verbranding van 12 uur bij 500°C en vervolgens een snelle 
kocling dire.:t nadat het uit de oven gehaald is. Dit stemt overeen mct eerdere onderzoe
ken van Mehta (1978) en Hamad e.a. (1981). die het temperatuurgebied van 500 tot 
7000C hebben gevonden als optimaal voor de productie van reactieve as. Tegelijkertijd 
komen deze bevindingen niet overecn met een aantal andere onder7.0eken (gccitecrd 
door Bui, 2Ot)]) met betrekking tot de formatie van kristalIijn silicium bij lagere tempe
raturen. Dit onderzoek heeft dus bijgedragen aan ccn oplossing van een wetenschap
pelijke onenigheid met betrekking tot de kristallisatietemperatuur van de siliciumdi
oxide gedurende de verbranding van de rijslkaf. 

Het tweede deel van dil experimentele technisehe onderz()ek had ten docl om een 
betaalhare oven te vinden die de reactievc puz7.0laan kan produccrcn voor landclijke 
bouwtoepassingen in Kerala. Monsters rijstkaf-as van drie vers.:hillende typen vcldo
yens zijn onderzoeht. Dc volgende eonclusies konden worden getrokken. 

Vergeleken met de monsters uit andere veldovens, waren de resultaten van de 
ringvormig omslotcn potlenbakkersoven (RHA A) beter gua mortelsterkte (van alle 
geselccteerde testmortcls met rijstkaf-as monsters in alle mixeomposities). Daarom 
kan het ringvormige oventype aanhevolen worden als een betaalbare en simpele 
optic voor de productie van rijstkaf-as op klcine sehaal in cen landelijke omgeving. 
Het wordt aanhevolen om de ringvormige omsluiting uit te voeren in baksteen in 
plaats van gelaste mazen, omdat de gclastc mazen cen beperkte levensduur hebben. 
Rijstkaf-as van de stcnen owns (RHA B) gaven ook rcdelijk goede sterkten in 
combinarie met verschillendc proporties kalk en cement, hoewcl dCl.e resultaten 
minder gocd waren dan die van de ringvormig omsloten pottenbakkersoven. 
De gevonden lagere sterktewaarden van mortcls die de as bevatten van kuilver
branding (RHA C) kunnen worden verklaard door de langere periode van verhran
ding en de lage koelsnelheid. Door de diepte van de kuil le verminderen zou de 
luchttoevocr vergemakkelijkt kunnen worden en dit kan leiden tot betere resultaten. 

5. Strategieen en aanbevelingen voor duurzame en betaalbarc huisvesting in 
Kerala 

Welke beleidsaanbevelingen kunnen worden aangedragen (voornamelijk vaor de econo
misch zwakkere sectorell) meT hetrekking tot duurzame ell betaalhare huisvesting wc/at 
er h(igedragen kan worden aall duurzwne otlTwikkefing? 

Gebaseerd op de evaluatit: kan er een aantal stratcgieen worden voorgestcld voor de 
ontwikkcling van duurzame en hetaalbare huisvesting voor de versehillende aspeeten 
van duurzaamheid. 
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Beleidsmaatr~gden voor hel hereiken van sociaal-culturele duurzaamheid: 
Het slimuleren van participalie in het huisvestingsprobleem door de huishoudens 
erbij t~ betrekken met steun van de gemecnschap. 
Dc promotie van basisconcepten ("core housing concepts"; basisecnheden di~ aan
pasbaar zijn aan tockomslige omstandighedcn) in plaats van voorgeschreven ont
werpen ("rigid type designs"). 
Het nastreven van de gelijkwaardigheid tussen burgers door zorgvuldige wijkplan
ning, zodat verschillcnde inkomcnsnivcaus in dezelfde buurt met elkaar gemengd 
kunnen worden, ~n door het vcrzorgen van ccn adequate infrastructuur en goede ge
meenschapsvoorzieningen. 

Strategieen voor economische duurzaamheid dienen de volgendc maatrcgden te be
valten: 

De garantie van een constant inkomen voor dc arme huishoudens 
De garantie dat middelen als landbezit, aanvullende leningen, houwmaterialen, ar
beid en infrastructuur toegankelijk zijn .. 
Verbeteren van de toegankelijkheid tot leningen door microfinanciclc instellingen 
te promoten en door tlexibel te zijn in het verstrekken van leningen, afhankelijk van 
de behocften van het huishouden en hun vermogen tot terugbetaling. 
De garantie van minimalc faciliteilen voor de huishoudens. 

Slralegicen voor technologische duurzaamheid dienen de volgende maatregelen le be
vatten: 

Dc garantie van tijdige begeleiding en teehniseh toezicht op het bouwproces 
De garantie van de beschikbaarheid van materialen en geschoolde arbeid 
Het in staat slellen van de begunstigden om minimale vaardigheden voor het bouw
proces le verwerven. 
Het promoten van technologische innovaties 
Het promoten van het gebruik van vernieuwbare cn lokale materialen 

Strategiecn voor ecologische duurzaamheid dienen de volgende maatregelcn te bevat
ten: 

Dc integratic van basisinfrastructuur als vitaal component van huisvesling 
Het nemcn van goedc regulerende maatrcgelcn opdat landbouwgrond behouden 
blij ft cn ongccontroleerde land winning voor k1ciproductie, huisvcsling en andere 
onlwikkclingsactiviteiten voorkomen word!. 
Dc garantic voor conservering van grondsloffen door huisvesling energie-effieient 
te maken, door oplossingen met alternatievc encrgiebronncn en door integratie van 
methoden van regenwateropvang. 



Samellvatfing 247 

Dc evaluatie van puhlieke huisvestingsprogramma's in Kerala vraagt om efficiente en 
effectieve impJcmentatiestrategicen die geschikt zijn voor de sociaal-economische en 
culturc1c kcnmerken van de staaL Dc evaluatie laat zien dat de integratie van de vier 
aspecten van duurzaamheid een cruciaal clement vormt van duurzame en betaalbare 
huisvesting. Door alle belanghebbenden te betrekken in het houwproces, zoals de 
begunstigde huishoudens, de locale gemeenschap, non-gouvernementcle organisaties en 
de lokale overheid kan de integratie tussen deze aspecten versterkt worden. 

Voorgestel-de aanbevc1ingen zijn: 
Een gei"ntegreerde aanpak in het gehcle proces met hehulp van een sterk netwerk 
van verschillendc belanghehbenden en instituties opdat de doelen van duur Lame en 
betaalbare huisvesting bereikt kunnen worden. 
Formulering van ondersteunende mechanismen ("Housing Support Organisations" 
zoals het 'People's Housing Process' in Zuid-Afrika) om genoeg capaciteit le cn:c
ren en om de mensen hun eigcn huisvcstingsbehoefte aan Ic laten gevcn. 
De betaalhaarheid voor huishoudens verheteren, door een consistent inkomen te 
garanderen door 'cmpowerment' of door het faciliteren van inkomensgencrerende 
activiteiten. 
Het verzekeren van techn%gi.l'che duurzaamheid in het bouwproces 
Het verzekeren van een basisinfraslructuur en het hehoud van grondslo!!ell. 



Publications Reluted to the Thesis 

PUBLICA TIONS RELATED TO THE THESIS 

Nair, D.G., Jagadish, K.S., Fraaij, A., 2006. Reactive pozzolanas from rice husk ash: An 

alternative to cement for rural housing, Cement and Concrete Research, Vol. 36, No. 6, 
pp. 1062-71. 

Nair, D.G., Vergragt,P,J., van Breugel, K., Fraaij, A., Enserink, B., 2006. Sustainahle
Affordable housing for rural Kerala, Proceedings of the 6th International postgraduate 
research conference in the Built and Human environment organized hy Research 
Institute for the Built and Human Environment (BuHu), The University of Salford, UK, 
6-7April 2006 , Dc1fL University of Technology and TNO, at Delft University, 
Netherlands 

Nair, D.G .. van Breugel, K., Jagadish. K.S., Fraaij, A., 2006. Sustainable technological 
options for affordable housing in Kerala, Proceedings of International Conference on 
Sustainable Technologies for Environmental Protection - ICSTEP 2006, 7-9 Jan 2006, 
Coimbatorc Institute of Technology, Coimbatore, India. 

Nair, D, G., Gopikuttan, G., Enserink, B .. Fraaij, A .. Vergragt, P, J., Dalmeijcr, R., 
2005. A Conceptual Framework for Sustainable-Affordable Housing for the Rural Poor 
in Less Developed Economies, Proceedings of the 2005 World Sustainable building 
conference in Tokyo, 27-29 September 2005. 

Haan, A. R. C. de, Enserink, B., Nair, D, G.,2005. Measurement systems in practice: 
Comparing theory and practice in East and West. What are the common denominators 
of sustainable rural habitat development in India and sustainable aviation in Europe? In 
the proceedings of Foresight management in corporations and puhlie organizalions -
new visions for sustainahility" - Helsinki, June 1)- 10,2005 

Nair, D, G., Gopikutlan, G., Enserink, B., Hendriks., Hendriks, Ch, P., Fraaij, A., 
Vergragt, P, J., Dalmeijer. R.,2005. Public Housing Schemes for the poor in Kerala: 
Recommendations for Sustainable Housing. Proceedings of Conference on Sustainable 
Building South East Asia (Sb04 Series), Kuala Lumpur, Malaysia, 11 - 13 April 2005. 

Nair, D.G., Hendriks, Ch. F .. Fraaij, A.,Vergragt, P, J., Dalmeijer, R., 2004. Sustainable 
Hahitat for Rural Kerala in Proc. of II International Basin Conference - Sustainable 
livelihood for the poor- Strategic imperatives and practical solutions", 16-18 March 
2004, India. 



250 Publications Related to the Thesis 

Nair, D.G., Fraaij, A., Dalmeijer. R., 2004. Straw Balc-A Sustainahlc Building 
AlternaLive in Proc. of "Recent Advancements in Civil Engineering- RACE. 2004", 
First National Conference in Civil Engineering organized by CUSAT, 25-27 March 
2004. India. 

Nair. D.G., Fraaij. A.. Kentgens. A.P,M .• Klassen. A, A.K .• OpLimizing Pozzolanic 
aCLivity of rice husk ashes, submittcd to cement and concrete research on 4 'th August, 
2006. 



Acknowledgements 

ACKNOWLEDGEMENTS 

I would like to begin with acknowledging the major research institutions - Cochin University of 
Science and Technology in India. Dclft University of Technology and CICAT in Netherlands. who 
supported the project work which has enabled me to form this thesis. 

Pror.dr.ir Ch.F. Hendriks, Prof. dr. Ph. Vergragt. dr.ir A. Fraaij and dr. R. Dam are the first persons 
coming to my mind when I go back to August 2002, the initial days of this research. The early stages 
were quite eventful because of the unexpected demise of my promoter Prof. Hendriks. with whom I 
started working on this research topic. He was the life and soul of our section 'Material Science and 
Sustainable construction' and I always value his concepts on sustainable developments and his 
encouragements to pursue this work. 

Prof. dr. Vergragt is a parental figure in my doctoral research. From my very first day in TU Delfl to 
this moment. he was always there with me supporting with his critical comments. invaluable advice and 
enthusiastic guidam.:e, which inspired me to accomplish this thesis. I hopc that his cooperation would 
extend for my future endeavors also. I should specially appreciate the efforts he took in the translation 
of Dutch summary and propositions. I ,Im also deeply indebtcd to Prof. d ... ir. K. van Breugcl. my 
promoter who extended all the supports in the ahsencc of Prof. Hendriks and showed faith in my 
rescarch. I would like to acknowledge his timely assistance and guidance. especially his sharp eye and 
critical editing which made the thcsis beautiful. Or. ir. Alex Fraaij was there with me throughout this 
rescarch as my daily supervisor. His whole hearted support, continued guidance and encouragement 
helped me always. My special thanks to him for all the pains and efforts he had taken in the successful 
completion of this research. 

This thesis grew out of a series of meetings with Or. Ber! Enscrink. Words are not enough to express 
my gratitude towards him. I am greatly indehted to him for his constant support, critical remarks, 
fruitful suggestions and above all the strong moral support. He was always there with me in all my 
difficult times as a true friend morc than a supervisor. I was lucky enough to enjoy the warmth of a 
family atmosphere with Ber!, Simone and their kids, many times. I cherish our friendship with the hope 
that it would exknd to the future also. 

Dr. G. Gopikutlan. the Department Head of Economics, N.S.S Collegc, Pandalam. was very helpful 
with hi< constructive remarks and long discussions, which were benefited to a great. extend for the 
infrastructure of this thesis. 

The multi-disciplinary nature of this the~is has given me the opportunity to meet and gct assistancc of 
renowned personalities in diverse fields. The assistance and support from ProI'. K.S Jagadish. ProI'. A. 
Kentgens. Dr. H. S. Pieterscn and Mr. R. Dalmeijer arc thankfully acknowledged. The enthusiastic 
conversations. workshops and field visits with Mr. Dalmcijer has inspired me and showed me the 
enormous possibilities of straw hale technology. A future cooperation with him to implement thi~ 
technology in India is something I am looking forward to. 

I am thankful to all the members of my Ph D committee for their patient reading and critical evaluation. 
Special thanks to ir. R. Rovers and ProI'. if. C.AJ. Duijvestein and I believe that the thesis has been 
improved by their constructive suggestions. 

Fruitful discussion, with Dr. Thomas lsaac. the prcsent finance minister of Kerala, Ms C.S. Sujatha, the 
former president of Alappuzha district Panchayat and 'Architect' Sankar. Din:ctor of Habitat 
technology group during the initial stages of this research were vcry much helpful in identifying the 
depth of the pn:vailing problems in this field in Kerala. I like to express my sincere gratitude for their 
cooperation 

I would like to express my sincere gratitude to ProI'. Unnikrishnan Nair (["urmer vice chancdlor of 
CUSAT), ProI'. Kunji Krishnan (former Registrar of CUSAT) Prof. Paulosc Jacob (Dirc~lOr. 

CEMCOP). Prof. Mohandas (School of Environmental studie~. CUSAT). then directors of RUDAT. 
and syndicate members of CUSA T for giving me this opportunity. The encouragement and whole 



252 Acknm','fedgements 

hearted support from ProI'. Paulose Jaeoh and ProI'. Mohandas during the entire period of this research 
are specially acknowledged. I am also thankful to the staff and faculty members of School of 
Engineering and especially the Civil Engineering division. 

This research was financially supported by CICAT. I would like to express my sinccre gratitude to all 
the stall memhers of CICAT, especially, Drs. P. Althuis, Or. R. Darn (former Project coordinator), 
Franca Post, Edith Hock. Menon Post, Theda Olsder. Veronique van der Varst, Roh Nievaart and Rene 
Tamboer. Rein Darn was the first person I met in TU on my first day. I am really indebted to him for all 
the supports and encouragement during the initial periods of my rescarch. Ms Franca Post was always 
with mc from the vcry first day to the moment in arranging the formalities connected with my stay, 
travel and other things. 

I am also thankful to Ms. M. Mekkes, the former secretary of our section and Ms M.M.H.van der Vcen 
for providing me an inspiring working environment in the university. There are several people who 
contributed to this research in one way or other. I would acknowledge and apprcciate the efforts of 
Judith in the SPSS analysis. Special thanks to Tierd Tohy. Loes Schoten, Plonia Wardcnier, Willem 
Franken and ing. Rinus van Maasakkcrs. Tierd Tohy was always like a 'father' figure to me and I hope 
that our special relation will last for ever. I would also like to thank Prof. S.S. Immanucl, Bishop Herbl:r 
college, Trichy for the di~cu~sion on SB huildings in India and timely help. 

I am also grateful to my friend Prel:tha Saloma Nazreth and family for their hospitality and kindness in 
providing me the accommodation and assistance during the household survey in Thrikkadavoor 
Panehayat. The Panchayat officials and the differem households who were participated in the survey 
also deserve special thanks. 

I am fortunatc to cnjoy thc friendship of different persons during this period specially, Dr.Miren 
Etxeht:rria, Dr.Andrea Hartmann, Ms. Dessi Koleva, Ms. Claudia Basta and Ms. Dwinita Larasati. I 
treasure these friendships very much hoping that it will last for ever. Miren was my first friend and 
room mate in TU Delft and we always cherish the great momcnt~ together. [ always treasure the 
friendship I shared with Andrea and Dcssi. 

Whenever I was away from Delft. I had a feeling that I am missing my second home. We-Subha, 
Jinesh. Arun. Decpu, Archana & Aravind, l:liju & Resmi-the friend~ from Kerala were always like the 
members of a family and shared our joy and sorrow together. Jinesh was always like my criticizing 
brother and a true friend in need. Special thanks to him for thc beautiful cover of this thesis. Suhha was 
with me throughollt the research as a good friend and a caring sister. I could enjoy the warmth of 
homely environment with the weekends and dinncrs I had with Archana & Aravind and Resmi & Biju. 
The evening cycle ridt:s with Deepu during the final stages of this research was a great relid and will 
always remain as a sweet remembrance. I am deeply indebtcd to them and hope that our friendship will 
last for ever. 

The support and assistance from my family is the hack-bone of all the achievements in my life. Both 
my parent, and in-laws were equally supporting me by taking care of my kids in my absence. I am 
deeply indehted to them for all their supports. The encouragement and motivation from my father and 
the dedicated nature of my mother was always the strength for new endeavors. I am also grateful to my 
younger sister Deepthi and my co-sister Renu for all their supports and care. 

My children Achu and Moni learned to do things in my ahsence and also are very much understanding 
and supportive to all my ventures. I am wordless to express my love to them. Nothing can express the 
gratefulness to my beloved hushand; Rajendran. The core idea of this thesis was actually originateli 
from our long dIscussions in the initial stages of this res~arch. His paliem:e and encouragement are the 
force hehind all my success. 

This thesis is one (if the most significallt achie~ements in my life so far. I ~·trcmgly believe that it 
became a reality, only with the grace of God-the Almighty, and wiJh the help of people who 
supported and believed in me. 



Ahnu( the author 253 

ABOUT THE AUTHOR 

OcotP<l G Nair was horn as the eldest daughter of Prot". C. Gopa lakrishnan Nair and Mrs. 
N. Indira Dev; on 10 May 1970 in Alkppcy district of Kerala, India. 

She received her Bachel or degree of Technology in Civil Engineeri ng from KeTala 
Uni versity in 1992. Thereafter in 199) , she started her career as a volunlLocf Engi neer 
trainee with Kerala Stale Nirmithi Kcndra, the major semi-governmental organization in 
Kcraia, actively involved in the propagation of Cost Efkcti ve and Environmcnta!!y 
Fricndly (CEEF) building technolngy. During this period, she got the opportuni ty 10 do 
the Master of Sdern.:c in Hahitat Tec hnology from Birla Institute of Tec hnology and 
Sriencc, Pilani, (India) and graduated in 1995. Later on she continued hl;!r service in 
Nirmithi Kendra, Coehin as a Habitat Engineer till 1999. Duri ng her career with Kerala 
State Nirmithi Kendra. she was fortunate to get involved with the projecl" relating to 

housing the poor and experience their genuine prohlems rdated \0 shelter. In November 
1999 she joined in COl.:hin University of Science and Technology (CUSAT) as a faculty 
member of School of Engineering. From 2002 \0 2006, she has worked as a PhD 
researcher at the faculty of Civil Engineeri ng and Gellsciences at Delft University of 
TechnOlogy, The Netherlands, which resu lted in this thesis entitled "S ustainahle
afford<lblc housing for the poor in Keral<l" . 

Deep<l is married to Mr. K.R Rajendran and is a proud mother or two boys Aehyulh 
(Achu) and Ashwin (Moni). 


	Title
	Table of contents
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	Chapter 6
	Chapter 7
	Reference
	Summary
	Samenvatting
	Publications
	Acknowledgements

