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Chapter 1

1 SCOPE OF RESEARCH

1.1 Introduction

Housing embodies many concepts such as comfoetysadentity and above all, it has
central importance to everyone's quality of lifel drealth, with considerable economic,
social, cultural and personal significance. Accesssafe, healthy shelter and basic
services is essential to the overall (physicalchsjogical, social and economic) well-
being of a person. It is also a critical comporiarnthe social and economic fabric of all
nations. No country is yet satisfied that adequatasing has been delivered to the
various economic groups that make up its populdcgersists globally as a problem
irrespective of the economic status of the coustfieit differs in its nature and gravity.
Homelessness is the most visible and extreme fdrthie and often connected with
lack of basic facilities like drinking water, draige and sanitation. It is estimated that
there are more than hundred million homeless, lgpalssolutely nowhere to live, and
about one billion people inadequately housed thnougthe world. Overall, at least six
hundred million people live in shelters that afe threatening or health threatening in
developing world cities (Tipple et al., 2005, UNOZ) Erguden, 2001, UNCHS 1996,).
These figures are rough estimates, as measuringalgltomelessness is extremely
difficult. Most data are known to be undercount&dying on service provider statistics
that do not include the entire homeless populatlanaddition to the difficulties in
counting mobile and hidden population; the datdectibn on global scale is impeded
by inaccurate and limited or non existent dataeobibn in many countries and variation
in the definition of homelessness. Anyhow, it isasl that the current and worsening
global shelter situation needs serious concern. gémistence and growth of poor
shelter conditions, particularly in the developioguntries, is a stumbling block to
socio-political stability and economic developm@dNCHS, 1990. It urges the need
for scaling-up housing supply and has become asfafupolicy debate. A holistic
approach is imperative to assess the housing desnandlyse the issues and solve the
problems of those people who are not able to affin@ir housing due to lower
economic status and inaccessibility to common pitgpesources.

Housing has widely been acknowledged as a humahnagher than being a basic need.
Since the adoption of Universal Declaration of HanRight$ in 1948, the human right

* "Everyone has the right to a standard of livingaguhte for the health and well-being

of himself and of his family, including food, clatly, housing, medical care, necessary
social services, and the right to security in then¢ of unemployment, sickness,

disability, widowhood, old age or other lack ofdlinood in circumstances beyond his
control." (Article 25(1), Universal Declaration Bfuman Rights).
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to adequate housing has been repeatedly reaffi(fbB€CHS, 2000). The Millennium
Development Goals have identified improving housiongditions as an integral part of
the global development agenda (UN, 2005). It isgeized that adequate shelter for all
and sustainable human settlements development céencsolated from the broader
social and economic development of countries. A&y cannot be set apart from the
technological advancements and environmental piiotec All these factors are
indispensable and mutually reinforcing components sastainable development.
Inadequate and insecure shelter will lead to somml political instability and will
hamper economic development. In this sense, glshalter conditions are closely
linked to the achievement and maintenance of wopelaice and economic stability. The
economic and political self-reliance, social justiand an environmentally sound
quality of life are factors, which lead to sustdileadevelopment.

1.2 Housing situation; issues and concerns

Human settlements problems are of a multidimensioature. They vary even from
individual to individual, rural to urban, and obuily from country to country both in
terms of quantity and quality. The unmet demandhfauising, along with poverty, has
led to the emergence of slums in many poor countse a solution to affordable
housing for low-income people. This is particulatdye in third world countries where
the majority of the housing activities are beingnéldy acquiring land through purchase
or invasion. In such cases, poor people with lichittcome and know-how construct
their own houses with available resources, andugdadimprove the structure in due
course of time. As a result in most cases, theityuaf housing is miserable with
insufficient basic services, unhygienic surroundinijick of access to safe water and
proper sanitation. Hence quantitative housing dsfio most countries (even very poor
ones) are relatively small, suggesting that theshmyu problem is largely qualitative
rather than quantitative (World Bank, 2005).

The housing problem of low-income countries diffgreatly from that experienced in
developed economies, and further rural and urbamsihg also exhibit their own
peculiar characteristics. There is a number of taims that slow down the housing
development programmes and the development of taisable habitat. Lack of
effective implementation strategies, inadequate plsupof affordable land and
infrastructure, inadequacy of housing finance systare a few among such constraints.
Inadequate access to affordable building mateisatsme of the major limitations of the
poor in developing countries to provide adequatgshay for them. Out of the total cost
of house construction, building materials contrébutnore than fifty percent in
developing countries like India. The gap betweenrthing demand and the stagnating,
and in many cases declining, production levelsigening at an alarming rate, leading
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to the spiralling of prices of building materiats inany developing countries, seriously
affecting the affordability of housing for the vasgjority of the population (UNCHS,
1993). Along with these, the depleting resourcesl amergy consumed during
extraction, processing and transportation of ravenws is another serious concern
questioning the sustainability of building process.

1.21 India

The housing situation in India was not so much agated in the beginning of the

twentieth century. According to the census recdh#se was a surplus of 1.8 million

houses in 1901. This continued till 1941. The Sdcwrforld War totally changed this

situation. It became worse in 1947. About 7.5 williof displaced persons migrated to
India, owing to the partition of the country intadia and Pakistan (First Five Year Plan
(1951-56) document, Government of India). Fig. dhbws the variation in the housing
gap over the last fifty years.

225 4 —o—Number of households

—&— Number of housing
Units

Number of households or houses
(Million)
(=Y
al
o

50 T T T T T
1950 1960 1970 1980 1990 2000 2010

Census Years 1951-2001

Figure1.1 Housing gap in India during the period 1951- 2001

The latest census reports of India shows a howdsgfigit of twenty-two million housing

units. Nearly half of the existing housing stocB.@o) is either made of non durable or
temporary materials and the housing problem is enigger in terms of quality than

quantity (Government of India, 2001). Every two aditthe five households in India
live in extremely poor quality houses. The WorldnBa recent human development
report says that 32% of the total population inidndas still no access to improved
sanitation and 14% has no access to safe drinkatgrw(World Bank, 2005). Also the
slum population in India (42.6 million people) aoots for 15% of the total urban
population. In such cases, people themselves \tith br no assistance from public
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agencies build shelters, which are even devoidasichamenities. The situation in the
rural areas is also not better.

Rapid population growth (Table 1, Appendix 1.25réased urbanization, relatively low
investments in housing and widespread poverty kasated serious shelter problems in
India. Population growth and urbanization trendseha profound impact on people's
access to shelter, contributing to the proliferatiof slums, increased demand for
infrastructure and services, and declining quaditylife for the poor. Additional key
factors that have aggravated India’s critical hogsbituation include institutional
deficiencies, especially among state and local ingusgencies, and regulatory
constraints to new housing development and invastsiech as the Urban Land Ceiling
(and Regulation) Act of 1976 and the state rentrobacts (ADB, 2000).

The strategy for rural housing in India is basedtmnobservation that housing activity
in rural areas is based on land rights and acaesesources, and not on the cash
economy (Government of India, 1998). The sheltebf@m, having a multidimensional

nature with its main roots in poverty, seems todggravated by the scarcity and
inaccessibility to common property resources, igade institutional capacities and
legal and financial frameworks.

1.2.2 Kerala

Kerala, situated on the south-west coast of Indiam continent (see Appendix 1.1 and
1.2 for general and topographic details), is wh#ad in the field of social development
and better living conditions compared to other paift India. Over the past couple of
decades, Kerala has drawn both international atidnz attention for its achievements
in demographic transition, with fertility reachingelow the replacement level and
mortality under five. In terms of per capita incoraed production, Kerala with an
agrarian economy is lagging behind many of thednditates. However, in terms of
Human Development Index (HDI) and life standargeéple, Kerala is much ahead of
most of other states in India (Tables 3, 4, ApperidR). It is also one of the densely
populated states (819 persons/ sq.km) with 3.43%eftotal Indian population. The
high population density of the state may be mathlg to good climate, fertile land and
good rainfall. Literacy as a qualitative attribudéthe population is one of the most
important indicators of socio-economic and politidevelopment of a society. The
state’s achievements in literacy (90.9%), educatisinth rate (0.94) etc. are even
comparable to many of the developed countries. el&bl(Appendix 1.2) shows a
comparison of Kerala situation with few neighbogroountries.

The housing situation in the state is quite diffitrieom other parts of India. Kerala has
got a unique settlement pattern with the dwellimgale in individual plots and scattered
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all over the habitable areas. This is in strikiogtcast with the nucleated village system
prevalent throughout the rest of India. The pulblausing schemes implemented in
Kerala showed greater performance in terms of tlegnitude of investment and
physical achievements and could considerably redbeehousing gap. The official
estimates predicted that if the present trend usbaonstruction continues, by the year
2006 all people in Kerala would have their own tesufGovernment of Kerala, 2003).
However, a closer inspection of the current housiiigation in Kerala reveals another
side of this picture. Despite many positive advanaésible slum-like areas occur in
human settlements in rural parts of the state,naady inhabitants are deprived of basic
facilities like drinking water and sanitation (Gkpitan, 2002).

6900

6300 1 —©— Number of households

5700 4 _g  Number of housing

5100 | Units

4500 +
3900 -

3300 -

Number of households or houses
(Thousands)

2700 ‘ \ \ \
1950 1960 1970 1980 1990 2000 2010

Census Years 1961-2001

Figure1.2 Housing gap in Kerala during the period 1961- 2001

Traditional residential buildings in Kerala showreflection of the socio-economic
inequalities in the society in the early days. lRyeople, mostly belonging to the higher
castes were living in palatial buildings, but theukes of the poor people were in
miserable conditions. Only the people belonginpigher castes were able to utilize the
services of artisans and craftsmen for the builginacess. However, the poor used to
help each other in putting up their shelters byhgidbcally available materials. No
wages were paid other than food. But during théodeirom early 1970s, the situation
started changing. Social reform movements and e@oanchanges in the society wiped
off the ill effects of caste systems from the styci@his was also visible in the housing
situation. People started building palatial houssig the readily available, energy
intensive materials like concrete, cement, andkbrieplacing the indigenous materials
such as mud, laterite, thatch etc. This generatadges in the employment sector and
the wage structures, especially in the rural arBas.this modern technology with its
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undue stress on costly and energy intensive médikie steel and cement was beyond
the reach of majority of the population. In ordewowercome these problems for solving
the urgent housing demand, the Government of Kemlamoted cost-effective
construction techniques and innovative material@awever, the present housing
situation in Kerala shows that the public housinbesnes could not solve the housing
problems of poorest sections in the rural areasoAthe “Cost Effective and
Environmentally Friendly” (CEEF) technology, whietas actually meant for helping
the weaker section seems to have failed to reack:xtpected beneficiaries (Gopikuttan,
2004). This may be due to the inability of the pdwmrgetting the awareness, non-
availability of skilled labour, technical assistanetc on this technology. It can also be
due to the mismatch in the perceptions of the jaoadrthe government. Further it seems
that government intervention has aggravated ther#gnce and diminished the self-
reliance of the rural poor (Glaeser, 1995).

In addition to this, housing and other related dmwment activities have created severe
environmental problems in Kerala. Long stretchepaddy fields are now kept barren
or used for clay mining or developed as house [iotlse state. This has created serious
environmental issues in the neighbourhoods suahader logging, inadequate drainage
facilities, non-availability of drinking water etd@.his also resulted in the decline of
more than a half a million hectares of area undeldy cultivation during the last two
decades (Government of Kerala, 2004). Conversigradtly fields means abandoning a
highly developed and complex wetland agro ecosysterd hence affecting the
environmental balance.

Conservation and effective use of renewable andrenawable resources is a prime
concern in the building process. Building mater@sastitute more than half of the total
construction cost for an average residential bogdn Kerala. A substantial part of this
is the cost of cement. A sustainable alternativegment could provide a significant
contribution towards the provision of low-cost loiilg materials, and consequently to
affordable shelter. An approach to affordabilitprad with addressing environmental
concerns could be a better alternative. The patenfirice husk ash; an agricultural
waste from paddy, as a cement replacement matexrfakignificance in this context as
an affordable and environmentally friendly buildialgernative.

The problem of housing in Kerala can be chara@drimainly as a problem of
sustainable housing rather than quantitative defduses could be either due to:

Policy aspects

- Lack of proper housing policies or implementation,

- Lack of access to resources, lack of infrastrucame: facilities,
- Lack of local government controlling and monitoring
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- Lack of networking among institutions engaged inging,
- Non-accessibility for easy finance,
- Lack of proper housing guidance, standards andfg@mons or

Technology aspects

- Unavailability 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 labourers) or a comboraof both.

This situation hence urges the need of a closetuatran on the various factors
preventing the poor households from satisfying rtingiusing needs in the midst of
increased public interventions and favourable emvirent.

13 Significance of housing in sustainable development

Housing activity is very closely linked to the ma@conomy. Investments in this sector
not only improve and add to the existing stock ofising units, but also improve the
working and living conditions. It generates a siigaint share of employment-typically
around 9% worldwide-and often helps lead natiosahemies out of recession as it did
in the United States in 2001 and 2002 (Fergusoal.ef003). In India, the National
Building Organization has estimated that an investnof Rs.10 million (about US$ 1
million) in building construction at the 1980-81 gearate generated 624 work-years in
on-site employment (420 unskilled and 204 skilleaild 1000 work-years in direct
employment in the building material industry andhest supporting sectors
(Moavenzadeh, 1987). Like all other developmentvaigs, housing has also got a
monetary and subsistence component. Even if itsislfahelp or family activity in rural
areas, it needs building materials, tools and eskillabour as input factors. Besides
creating an individual product, the new or repaigdelter and the combined input
factors also contribute to national product and timgrease the overall national wealth.

Housing has a crucial role in the development ahan settlements. Protection and
conservation of the environment need serious condering and after the building
process. Sustainable construction is a holisticgse aiming to restore and maintain
harmony between natural and built environments, emdite settlements that affirm
human dignity and encourage economic equity (CIRl amNEP, 2002). Hence
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sustainable housing development also needs envéotatly-friendly technological
innovations.

Improving shelter requires a better understandirihe mechanisms governing housing
availability. That requires better data and batt@icy-oriented analysis, so that housing
policy can be formulated in a more global compaetiperspective, and the

accomplishments and lessons learned in one cogatiybe drawn on by others. This
comparative perspective can help countries chagir thaths, formulate realistic

development objectives, and measure their achienventver time and compare them
with other countries in similar circumstances (VdoBank, 2005). The efficient supply
of housing is also closely associated with sustd@affordable construction techniques
and building materials; therefore these processes to be studied in an integrated
way.

14 Resear ch objectives

In the context of the above discussions, the maad gf this thesis is to contribute to a
more sustainable solution to the present housingplem in developing countries. In

order to address this objective and to conceptdliez problem from the perspective of
the households a thoughtful and holistic approaasetdi on the concepts of

sustainability is needed. The objectives of thiseegch can therefore be listed as
follows.

1. To develop a better understanding of the presemsihg situation and the problems
relating to sustainable human settlements in dguado countries, based on an
integrated approach that combines both the petispeat the households (users),
and as well as the concept of sustainable developme

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

3. To adapt and apply this integrated approach in ahaluation of the building
process, to suggest modifications and to explofeva sustainable technologies
appropriate for the local conditions, utilizing esvable or locally available waste
materials.

In order to reach these objectives, research quesstire formulated and presented in
the succeeding section.
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15 Resear ch questions

The housing situation in Kerala has been seleddtieamain focus of this thesis. Since
the prime objective of this research is to devedopolistic perspective for identifying
the problems relating to shelter, the main questias been formulated to achieve this
goal in the context of Kerala.

Main question

How to develop an integrated framework for analgziboth for the evaluation of
policy and building process) the housing problem tleé poor (from their own
perspectives), and what sustainable materialsobintdogical options can be suggested
along with policy recommendations for achieving taimable-affordable housing in
Kerala?

Sub questions

1. How can the housing problems be evaluated fromp#higpective of the users, in
such a way as to contribute to sustainable devetop™M

2. What are the various policy approaches in the previyears in India (Kerala) in
addressing the shelter problems of the poor andfaoWwave the different schemes
been successful in achieving sustainable housiunglalement?

3. What is the real housing situation of the poor letwadds in Kerala and what policy
recommendations can be proposed (particularly fer €conomically weaker
sections) for sustainable-affordable housing sotcasontribute to sustainable
development?

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

5. How could rice husk ash pozzolana be developedljyoas a sustainable
alternative to replace cement for the primary bogdapplications in Kerala?

1.6 M ethodology and chapter scheme

This thesis has adopted both social science anghadmgy approach in reaching
different objectives. In total there are seven ¢thigp This is illustrated in the figure
(Fig. 1.3). Literature review, personnel interviesygl household surveys are conducted
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in the first part and experimental technical reskdras been carried out in the second
part. The succeeding text describes the methodadgpted for each chapter.

CHAPTER 1 CHAPTER 2 CHAPTER 3, 4 and 5 CHAPTER 6 CHAPTER 7
»
A A S
\ 4 v i \ 4 H v H v Vv
Problem Conceptual Problem Analysis Experimental Conclusions
Identification [ Framework = (Evaluation of policy and B Research B Recommendation
< building process)

A :
P 4 v

Figure1.3 Thesisstructure

Chapter 2- This chapter explores the concepts of sustagrafibrdable housing and
introduces a general conceptual framework to ewaltize housing situation from the
perspective of the users. This framework helpsndeustanding the problem from the
perspective of the households specifically in tewhgheir basic needs and suggests
solutions that contribute to sustainable-afforddiaasing.

Methodology - A literature survey has been carried out for esipfp the concept of
sustainable-affordable housing. Value focused thiplproposed by Keeney (Keeney
1992; Keeney et al., 2005) has been used in thapteh for structuring objectives and
developing the framework. Various findings fromatge researchers were also utilized
at this stage of research for structuring and dajirthe objectives of sustainable-
affordable housing.

Chapter 3- This chapter presents an evaluation of the pubtiasing policy for
Economically Weaker Sectioh€EWS) in the state. Three schemes (One Lakh Hgusin
Scheme, Indira Awaas Yojana and Total Housing Se)eane identified from each
phase reflecting similar approaches in internatiboasing policies, their uniqueness in
implementing agencies and other peculiar charatiesi The evaluation of these
schemes was done in three stages. The first tvgestaf analysis (A | and A Il) are
presented in this chapter. Analysis | (A 1) evadutite goals of the government policies
in the selected schemes. The second stage (Adésass the real situation in the field
from the viewpoint of an observer (the researchekh overview of the evolution of
housing policy in the developing world, subsequargnges in the low-income housing

! Families with monthly household income less thanZ8€0 ($ 65)
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policy of India with specific attention to the caskKerala are also discussed in this
chapter.

Methodology - A methodology based on the conceptual framewarknfchapter 2 is
employed in the analysis to understand the proltleough a sustainability perspective
and to investigate the success and failure faabrsublic intervention in housing the
poor. The information collected from the official reportd government of India,
Kerala, local or self governments, implementingreies and other secondary sources
are taken as the basis of Analysis I. Data for ¢hipter are also collected from reports
of international agencies like the World Bank and@HS (on the evolution of present
housing policy in developing countries).

Chapter 4- This chapter presenthe third stage (Analysis Il - Alll) of evaluaticio
assess the real situation in the field. An evatubf the housing situation in Kerala
based on household surveys and case studies frerseflected housing schemes is
presented in this chapter. A discussion on thegmtelsousing situation of Kerala with
respect to different aspects of sustainability andomparative analysis of the public
initiatives in low income housing with examplesrframther parts of the world is also
presented. Based on these evaluations and comyeastitidy strategies are formulated
for sustainable-affordable housing in Kerala.

Methodology - The information employed for this part of analyisidased on household

surveys from Kerala. These surveys were conducséngua structured questionnaire
prepared on the basis of the conceptual framewodcheme of analysis is prepared for
each aspect of sustainability based on the “objestihierarchy model” of the

conceptual framework and the questions are tram&fdrinto measurable criteria. The
Statistical Package for Social Sciences (SPSS-desl) is employed for the analysis

of household data. Some examples of enablingegfiet from UNCHS, Global Best

Practice database are discussed in this chapteeg¢ohow they have tackled the
problems of low-income housing in similar contexts.

Chapter 5- This chapter gives an evaluation of the premgilbuilding process in
Kerala. It presents the guidelines for selectingiremmentally-friendly and as well as
affordable technological options. This chapter alszusses the potential an affordable
alternatives (rice husk ash) suitable to the sptiifs of Kerala. Basic principles and
examples from straw bale construction in The Nédinels and India are presented as
the appendix of this chapter.

Methodology - The evaluation has been done using a methodol@ged on the
conceptual framework from chapter 2. The informatgnployed for the evaluation of
the prevailing building process in Kerala is supedrby the knowledge which has
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learned from the researcher’s experiences fromtipeady field studies, data collected
from household surveys and desk research.

Chapter 6 - This chapter deals with the experimental studyctvihas been conducted
on the rice husk ash samples under controlled Gondiin the lab and from different
field ovens to compare the performance of the owmsto identify the most feasible
method to produce a reactive pozzolana as an atieento cement for building
applications requiring lower strengths.

Methodology - The first phase of the research discusses the pagesnwhich influence
the reactivity of the pozzolana from rice husk undentrolled conditions in the
laboratory. Literature work has been carried out dollecting information on the
previous researches. An in-depth characterizatforice husk ash samples produced
from different temperature-duration-cooling regimées the controlled laboratory
condition had been conducted as a function of catilyu conditions using X-ray
diffraction (XRD), Si magic-angle spinning (MAS) nuclear magnetic nesme
(NMR), chemical analyses, conductivity measuremantsmicroscopic analysis.

For the second phase of this research, ash satinphasthree different types of field
ovens (annular enclosure, brick oven and pit aearent) are investigated for loss on
ignition, soluble silica, pozzolanicity and X-raiffthction. Malvern apparatus has used
for the particle size analysis and Brunauer- Emnriedtler analysis is employed for the
investigation of specific surface area of rice hask samples. The long-term strength
of these rice husk ash pozzolanas (from field o1t optimized condition in the lab)
with lime or cement is investigated through limeaatvity test and compressive
strength test.

Chapter 7- This chapter gives the general conclusions amtmmendations of this

research together with an insight into the scopefdther studies. Recommendations
for the practical implementation of the policiesdontribute to sustainable-affordable
housing development in Kerala are also presentéusrchapter.
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APPENDIX 1.1
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APPENDIX 1.2

General physiographic and climatic features of Kerala

In terms of the topographical characteristics, Keraay be divided in to three regions
such as Lowland, High land and mid laricow land (10.2%) stretches along the
Arabian Sea and population density is highest (Gbaarea). This region is
characterized by marine landforms consisting othe#ages and beaches with swamps
and lagoons. The low land region is well known itsrbackwaters with extensive rice
fields and coconut treeddigh land (48%) stretches along the Western Ghats and
population density is lowest (Hilly area). It sl@pgown from the Western Ghats, which
rise to an average height of 900m, with a numbegyeafks well over 1,800m in height.
The soil varies widely in depth and texture. Pldatacrops including tea, coffee,
rubber and cardamom are grown in highlaidil land (41.8%) lies between low land
and high land, with altitudes ranging from 7.5 t meters above mean sea level, is
made up primarily of valleys. The terrain is undilg, with numerous rivers, small
hills and valleys. Laterite and lateritic soils eovaround 60% of the total geographical
area of Kerala.

Kerala is the land of Rivers and backwaters. 44eRi\ 41 west flowing and 3 east
flowing) cut across Kerala with their innumerabtibudtaries and branches, but these
rivers are comparative small and being entirely somm-fed, practically turn into
rivulets in summer, especially in the upper areas.

Climate - Kerala falls with in the realm of tropical cliteaand dominant feature is
monsoon. It has a warm and pleasant tropical monsbimate. The climate is pleasant
from September to February. The summer months amnvand humid with a mean
max temperature of about %3 March to May is the hottest, with temperaturgchéng
more than 3. Lowest temperatures are experienced during thethmof December
and January.

Winter Maximum 2fC Minimum 18C

Summer Maximum 3 Minimum 27C

Wind - Wind over the state is seasonal and wind speeitha#@ to 50 km/hr during and
before the monsoon rains.

Rain fall - Kerala receives a good annual rainfall, varyfirgm 1250 to 5000 mm. The
normal annual rainfall of Kerala is 3107 mm. (natibaverage is 1197 mm). The State
has the benefit of the Southwest and Northeast awmsAlthough, quantum wise the
rainfall received is high, its distribution showsntporal and spatial variations. On an
average, the number of rainy days is in the rarfgg26-140 in a year. The highest
rainfall occurs in the high ranges of Idukki distyiwhere it exceeds 5000 mm.
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APPENDIX 1.3
Table 1 Population growths and the ‘Housing gaghidia (in million)
Number of Number of

Census Year Population 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 1025.3 209.2 187.1 221

Source: Census reports, Government of India

Table 2 Population growths and the ‘Housing gaKerala (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 31,839 6,595 6,540 55

Source: Census Reports, Government of India

Table 3 Comparative statistics with neighbourindian states
Density Below "Unemploy | "Per
of poverty -ment capita
State Area population Literacy HDI HPI line 1999-2000 net state
per 2001 1991 1999- (% of domestic
(sq.km) sg.km 2000 labour product
(%) force) 1997-98
Kerala 38863 819 90.92 0.64 199 12.7 8.6 2490
Tamilnadu 130058 478 73.47 0.5 293 21.2 2.6 3141
Karnataka 191791 275 67.04 0.48 32{7 20. 14 2866
India 3287263 324 65.38 0.47 394 26.1 2.3 2840

Source: www.kerala.gov.in Census reportsSNHRD 2001 Planning commission,
National Human Development report 2001Eleventh finance commission report 2000
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Table 4 Comparative Statistics, Housing andraties in Kerala with
neighbouring Indian States
Permanent | Owned Availability of
houses houses - Electricity drinking water
State Tenure Toilet facility connection | within the premises
(%) status (%) (%) (%) and near (%)
Kerala 68.1 92.6 62.1 70.2 88.1
Tamilnadu 58.5 77.7 39.9 78.2 87.9
Karnataka 54.9 78.5 58.9 78.5 78.1
Source: Census Reports, Government of India, 2001
Table 5 Comparison of Kerala with neighbourcogintries
£ B |= g e
S 5 = o
g |2 |8 |g |E R
S |2 |E |&8 |5 g |g|88
2 S 5] = = g = B 3 B g
B = £ £ P 2 £ 38| 8S
c 12 |8 |58 |2 |5 |= 1L
£ 5] & °© o = k=] & =8| = &
3 2 = D 3 S 5 = 5
- & 5 S o o B ° é S SBl| €8
= < z | B s 5 g | & |8 |8 | B3| 83
E 8 2 2 g g @ z a 2 25| 28
S = fa & T T S = o & fE|LE
Malaysia 329,750 | 73 1551 0.79 | 89 732 88.7 0.76 18 95 96
(1990)
Thailand 514,000 | 127 131 0.77 12.8 70. 92.6 0.120.87 85 99
China 9596960 | 136 4.6 0.75§ 123 714 90.9 066 80% 77 44
Sri Lanka 65610 309 25.0 0.751 18.0 74.( 92.8 0.610.79 78 91
Vietnam 329,560 253 50.9 0.704 212 70.9 90.8 0.541.04 73 41
Indonesia 1919440| 126 21.1 0.69 17.8 66.8 8709 905 145 78 52
Bangladesh 144000 1002|  49.8 0.52 441 62,8 431 48 0. 2.09 75 48
Pakistan 803,940 | 202 326 0.52 37.1 63.0 617 0.512.03 90 54
India 3287590 | 329 28.6 0.604 313 63.3 64. 056 4 1.| 86 30
Kerala 38,863 819 13 064 | 15 73 09 | 064 |09 |8 84

Source: The World Bank, Human Development Rep®@52

World fact Book http://www.cia.gov/cia/publications/factbook/indbtml

http://www.undp.org.in/programme/undpini/factshketala.pdf
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2 SUSTAINABLE-AFFORDABLE HOUSING:
A FRAMEWORK FOR CONCEPTUALIZATION

2.1 Introduction

This chapter introduces a conceptual framework tiflémg different aspects of
sustainable-affordablehousing for evaluating problems and formulatingatsgies.
Housing problems are multi-dimensional and urgerdmonciliation of the interests of
different stakeholders. A holistic approach thategi due emphasis to the diverse
elements of sustainability is needed to defineoibfa proper perspective. The proposed
framework addresses the problems relating to husettiements and sustainable
developments in developing countries based on aegrated approach from the
perspective of the households (users) as well ab@proncepts of sustainability. Value
Focused Thinking is employed in this frameworkdtructuring objectives and criteria.

This chapter is organized in five sections. Sectih@ explores the concept of
sustainable-affordable housing and identifies e objectives. A detailed
investigation has been carried out in section 2.3dentify the various criteria to
measure the objectives defined, by covering altosscof sustainable development.
Section 2.4 presents the conceptual framework.

22 Sugtainable-AffordableHousing

Shelter is one of the basic needs of human beimy$ only to food and clothing.

Besides being a basic necessity, it is also a soofddentity that has a considerable
effect on the overall psychological well-being tietinhabitants. The perception of
housing has undergone some remarkable changes tbgelyears and has more
significance in the present day world than it hagre two decades ago. Home
ownership brings out significant economic secuaityl social status to a household. But
for shelter-less persons it can create profoundabmbhange in their existence, by
endowing them with identity, security and abovecadlating a feeling of being a part of
the society. Housing also acts as a matrix thangthens family and community ties.
The concept of home in that sense is much bigger that of house. It implies to the
provision of food, clothing, and housing with a peo environment that affords

protection from the weather, offering security amgll-being. It is also a valued place

* Even though the concept of ‘sustainability’ inasdaffordability’; in order to give
special emphasis to the extremely low economiuistat poor households, sustainable
housing is addressed here as “sustainable-afferdailsing” throughout this research.
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regarded as a refuge or place of origin where aqgueis able to develop his social
relationships. In other words, a home fulfils plegsineeds by providing security and
shelter from weather and climate. It fulfils psytdgical needs by providing a sense of
personal space and privacy. It fulfils social nebgisproviding a gathering area and
communal space for the human family, the basic oh&ociety. In many societies, it
also fulfils economic needs by functioning as atefor commercial production and
there by generating wealth. The significance ofdmog in social development should
not be neglected in these respects. It is alsouaiatr component of the built-up
environment and an intrinsic element in the ecowodgvelopment of all nations. In
this domain, housing and development activitiesadge related to environmental issues
and technological advancements.

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

A habitat normally refers to the area or physicalinment where an organism or
ecological community lives or occurs. Human habigatd human settlement are
synonyms to each other. Housing is a primary corapbof human settlement. Human
activity and economic growth affect the natural iemwment, and if growth is not
achieved in an environmentally sustainable wayeftsct on poverty and human well-
being will be disastrous. Housing development filags an important role in achieving
sustainable development. Sustainable developmeritas defined as development that
“meets the needs of the present without comproittie ability of future generations
to meet their needs” (WCED, 1987). ‘Meeting the deef the present’ refers to the
development aspects of sustainability, which inekigéconomical, social, cultural and
political issues. The second phrase of the dedimitwithout compromising the needs of
the future’ mostly refers to environmental issuelbgen et al., 2000). The Johannesburg
Summit of the United Nations proposed the so-caliete-pillar’ concept (or Tripple
Bottom Line-TBL model) of ‘People, Planet, Prosper{Profit) to reflect the
requirement of sustainable development as the bialgnof economic and social
development with environmental protection. Sustalima development can be
considered as maintaining a delicate balance betwke human need to improve
lifestyles and feeling of well-being on one handd greserving natural resources and
ecosystems, on which we and future generationsriepe

Housing development can be considered as a piogeestep for sustainable
development and has got multi-objective and mauktitutional relevance. Human
settlements have to function in a sustainable wagchieve this objective of sustainable
habitat. Therefore sustainable human settlemenildhenable to live in a manner that
supports the state of sustainability and the ppiesi of sustainable development and
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has institutional, social and economic systemsliensure their continued existence
(CIB, 2002). Sustainable habitat could be thus rilesd as a way of developing and
maintaining the living environment that support lmhealth (both physical and
psychological), satisfying shelter needs along witbtecting and preserving the nature
for future generations.

According to Gibson et al. (2005: 56-58), tradiabnoncepts of sustainability are used
to be depicted as circles of sustainability witkeatain ordering; economy prevailing
over society, prevailing over ecology or the othery around (Fig. 2.1). They say that
since the idea prevailed that humans play a majerin the character and functioning
of many biophysical systems, depictions suggestimiedirectional lines of dependency
are insufficient and more often represented asgatting circles.

Environment

Society

"

Figure2.1 Circles of sustainability; economy immersed in society, society
immersed in ecology (source: Gibson et al., 2005)

Many of the approaches on sustainability are algtuakamples of ‘integrated
assessment’, derived from environmental impact ssssent (EIA) and strategic
environmental assessment (SEA), but which have k&tanded to incorporate social
and economic considerations as well as environrhents, reflecting the triple bottom
line approach to sustainability. These integrateseasment processes typically either
seek to minimise ‘unsustainability’, or to achieVBL objectives. Both aims may or
may not result in sustainable practice (Pope g2@0d4).

Sustainable housing can be conceptualized in time seay as sustainable development,
to maintain a balance between the present andefitowsing needs. In order to satisfy
the present needs, sustainable housing shouldfoedable to the users (particularly
poor households). Thus, sustainable housing framptirspective of the users can be
defined as housing that is accessible and affoedtbthem, and meets their housing
needs. Social and cultural factors influence thengry requirements of housing.
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Affordability or the economic capacity of an indival plays a significant role in
achieving these requirements. Technology actsaadyst to help in realising this, by
providing affordable options suiting the individus¢eds and changing circumstances.
In developing countries, where the majority of hHogsinvestments are carried out
through self-help or mutual help activities, susadile technological options demand
specific consideration in making the houses morfordéble and feasible. But
technological innovations can either acceleratdemelerate the process of sustainable
development as it has got both positive and negaitinpacts on the environment.
Protecting the environment is a fundamental aspécsustainable development. It
includes the improvement of essential ecologicatesses, biological diversity and the
natural resource base (Veron, 2001).

The physical quality of life is very dependant be £nvironment in which man, who is
also part in it, as an individual and as part gf@up, can survive and grows physically
and culturally. Often housing investments whichuieg high investments are set apart
and people have to be satisfied with poor housingditions. The definition of
sustainable-affordable housing for the poor cars thet modified as “housing which is
accessible and affordable to satisfy the housirgiea®f people whose income does not
enable them to afford their housing suitable fogithneeds in the formal housing
market”. In this definition, the term ‘accessiblefers to the feasibility to fulfil those
present and future needs. The basic housing nead ioflividual is often a reflection of
his or her socio-cultural needs. In that way soatsle-affordable housing is related to
socio-cultural (basic needs) anenvironmental aspects (present and future needs) of
sustainability. The term ‘affordable’ in the defioh mainly implies the affordability by
the individual in fulfilling these needs. Innovatitechnological options are necessary
for affordable housing solutions. In this senseisit connected to thesconomic
sustainability and affordability of sustainabliechnological options. Developments in
the economy and social changes should be ablestaiswecology and improve potential
resources for future generations. In the contexglobal population growth and the
Earth's finite resources, the way in which humaindsare accommodated or sheltered
is a major and integral part of the imperative taimmin a global environmental
equilibrium. Hence sustainable building procesdesikl be able to give emphasis on
environment friendly technologies utilizing locallgvailable waste materials and
renewable resources. Therefore this framework ass@gjual importance to all these
four aspects of sustainability in sustainable hogisind accepts their interdependence to
each other.

The quadruple (People, Planet, Prosperity, anceBtogoncept of sustainable buildings
put forward by Duijvestein is also based on thagples of sustainable development. It
adds one more ‘P’ to the 3P concept of the UN. lddnem the triangle it changes to a
tetrahedron as shown in the Fig. 2.2. This fourthfor Project refers to design quality,
which includes the aspects such as beauty, rokssstigodiversity and the relations
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through the scales (Dorst et al., 2004, http://whommdelft.nl/). According to this
concept, the tetrahedron can be used to show tipertance of and the relations
between the four qualities. The most important itpialan be placed on top, but in all
cases has to be based on and supported by theothers.

People
(Social quality)

Proj ect
(Design quality)

Planet

(Environmental quality) Prosperity

(Economic quality)

Figure2.2 Sustainable buildings (Dorst et al., 2004)

Since sustainable-affordable housing requires maikle and accessible technological
alternatives, the traditional concept of sustailitgb{PPP) has to be upgraded in the
context of sustainable housing with an additiordhhology factor. This is also in
agreement with the quadruple concept of sustaindhliddings put forward by
Duijvestein (Fig. 2.2). The fourth ‘P’ for Projei directly or indirectly related to
technological sustainability. Sustainable-affor@gabhbusing development can thus be
conceptualized as a combination of four significagpects of sustainability, namely
socio-cultural, economic, technological and envinental sustainability. This concept
is also in agreement with Islam (1996). Accordiadhim sustainability in housing may
be understood in terms of ecological sustainabiligconomic sustainability,
technological sustainability, cultural sustainabiind social sustainability.

As many conceptualizations of sustainability haveerb around, their common
denominator seems to be integration. For instartbe, Millennium Ecosystems
Assessment (MES, 2005) depicts linkages betweesystams, services and human
well-being, and focuses on the interactions betwieerrelated categories. As an
alternative to the TBL, Gibson (2001) promotes dise of a principles based approach
to sustainability assessment, in which sustairtgbikriteria are derived from
sustainability principles rather than TBL goals. ldegues that a principles-based
approach emphasizes interconnections and interdepeies between the pillar areas
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rather than promoting conflicts and trade-offs. rEfiere, a principles-based approach
could avoid some of the inherent limitations of fhBL approach to sustainability
(Pope et al., 2004, 2006; Gibson, 2006). The bagidel for sustainable-affordable
housing proposed in this research also adoptgthisiple based approach based on our
definition on sustainable-affordable housing fae goor.

Sustainable-affordable housing development can thes conceptualized as a
combination of four significant aspects of susthility, namely socio-cultural,
economic, technological and environmental sustdibhal§Fig. 2.3). After Pope et al.
(2004), we also consider equal significance to fthe aspects of sustainability. The
interdependence of these four factors and theialdgguare considered as the pre
assumptions of this concept (This pre suppositidhbe re-visited further and tested in
chapter 4 under the context of Kerala).

,,,,,,,,,,,,
P

-’

’ ¥’

¥ Sacio-cl - ’
2 Socio-culrural 3
I r

,,,,,,,,,,,,,
-

-
ey
S
0y
]
e

-~

Environmental

- .
T -

-~ -~ -
...................

Figure 2.3 Basic concepts for sustainable-affordable housing

This basic concept for sustainable-affordable hausian be elaborated further using a
methodology resembling that of Value Focused Tmgk{VFT). The foundation for
any analysis is a set of objectives and a settefraltives for achieving those objectives.
There are desired properties for this collectivieadeobjectives that, when possessed,
can greatly enhance the value of any subsequehtsis@Keeney, 1992; Keeney et al.,
2005). According to Keeney, values are principlsed for evaluation, and we use them
to evaluate the actual or potential consequenceactidn and inaction, of proposed
alternatives, and of decisions. To think of thesdu®s in a decision process: the
decision should be a real problem, it should bgreft importance, and it should be
complex and have no absolute solution. This appraan be used to uncover hidden
objectives, to direct the collection of informatjoto improve communication, to
facilitate collective decision making, and to gugleategic thinking.
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Value Focused Thinking (Keeney, 1988) is thereforeethodology that is well suited for
handling these kinds of multi-objective problentshdlps in identifying the needs of the
households (from the perspective of householdsaandell as based on the principles
of sustainable development) and developing diffepatential solutions to meet their
housing needs. The evolution and nature of houpho@plems differ from country to
country depending on local social, economic andtipal contexts. This methodology
provides a means to reveal and address the mubipjectives considering that all
development efforts have resource constraints acitithte in driving the project in the
right direction. The succeeding section explaine #ignificance of the different
objectives of sustainable-affordable housing awidt interrelations to each other.

2.3 Objectives of sustainable-affordable housing

Since housing is a primary component of habitagstanable housing development
activities can directly contribute to the develommef sustainable habitat. Sustainable
habitat can be achieved through promoting housingldpment by balancing social

progress, enhancing economic growth, propagatingviative technology along with

conserving and protecting the environment and abttgsources for future life and

development.

As explained in the previous section, sustainafflerdable housing embraces four
objectives of sustainability, namely socio-culturaconomic, technological, and
environmental (Fig. 2.4). A list of criteria hasdpeprepared to measure these objectives
and assess the present housing situation basdt @moncepts of sustainable-affordable
housing. The ensuing text explains these objectivethe basis of different criteria. It
defines and structures fundamental values undeln eapect of sustainability, and
further guides in integral decision making.

Objectives of Sustainable-
Affordable Housing

v

v v v v

Socio-cultural
Sustainability
(SCs)

Economic
Sustainability
(ECS)

Technological
Sustainability
(TCS)

Environmental
Sustainability
(ENVS)

Figure 2.4 Objectives of sustainable-affordable housing
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231 Socio-cultural sustainability

An adequate shelter is not only a human right,&dsv a base for human dignity and
relationships. All human beings are knowingly okmoowingly deeply rooted in their
homes, and this has a remarkably high influencéaéndevelopment of their character
and well-being. Proper housing helps in the freeettgpment of an individual, and
creates a platform for playing an active role ie tocial and cultural life of the
community (Springer, 2000). Social and culturaltdas are strongly interdependent.
They often interlock and are sometimes indistinigaide (Chiu, 2004). Sustainable
housing should respond to the socio-cultural nesmud practices of the beneficiary
households and communities. It is focused on Imgusievelopment that promotes
social interaction of individuals and cultural edminent of the community and aimed to
reduce the inequality of housing between sociasaa (Islam, 1996). At the same time
it accelerates the improvement in social develogmealations and interactions.

The various criteria for defining socio-culturalsgainability in housing have been
identified as adaptability, equality, integratioi @amenities and services; self-help
housing or beneficiary participation and communmityolvement (Fig. 2.5).

Socio-Cultural
Sustainability
A 4
v v v v v
Integration of Beneficiary Community
Adaptability Equality amenities and participation participation
services

Figure2.5 Socio-cultural sustainability

Adaptability - The concept of shelter is much broader than meusihg. It differs from
individual to individual depending on householdesizulture, tradition, profession and
way of living. The house design should be flexieteough to incorporate the changing
needs of the individuals (family size, professiott.)e The provisions for future
expansions or the flexibility to changing needarsessential criterion. For instance the
housing requirements change when children are loorgrow up, or marry, get children
themselves, and so on. Also in the case of prafeabrequirements, the housing needs
of a fisherman are quite different from those daaner. The flexibility to fulfil these
varying needs is defined as the adaptability inshaog
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In most communities, the house is treated as plathe identity of the individual
labelling their status. People do not want to live house, which stigmatizes them as
belonging to a low-income class, even if it isthlt is affordable to them. The design
and the materials used for the house should carnesfo the user’s way of living and
local building traditions (Ebsen et al., 2000).

Equality - This objective has to be considered with utmost @& it forms the basis for
socio-cultural sustainability. Equality in housidgvelopment refers to that, segregation
or grouping of a particular group of people basedircome, religion or any other
criteria should not reflect in their housing andodlkd not prevent them from
participating in social activities. Different graaipf people within the society should be
able to participate equally.

This means that the poor should not be exposetgmatized based on a specific type
of design or materials and grouping their housess particular region. The location and
type of houses necessarily reflect social inegealit This also affects social
relationships, day-to-day living, and ultimatele tfuture generations of the inhabitants.
Briefly, the mutual relationship between housingl aocial structure creates a vicious
circle perpetuating a lack of social privileges amgerited advantages creating a social
problem (Jayaram, 1988).

Integration of amenities and services - Sustainable shelter requires the integration of
essential culture or local specific amenities (@ci, security, lighting etc.) and public
infrastructure facilities. It also refers to lo@atj making the journey to work feasible.
At community level, social amenities like schodilsraries, recreation centres, medical
facilities, police stations need to be integrated settlements (UNCHS, 1996).

Self-help housing and beneficiary participation - Sustainable housing development can
be perceived as a means to improve the livelihamttitions and self-dependence of
the inhabitants. The users build houses to suiir theeds and hence self-help or
participatory approach in housing brings desiratidanges that lead to sustainable
housing (Eldemery, 2002)Turner’s three laws on housing are important is tuntext
(Turner et al., 1972).

First Law - When dwellers control the major deamsioand are free to make their
contribution to the design, construction, or mamaget of their housing, both the
process and the environment produced stimulateiohehl and social well-being. When
people have no control over, or responsibility ey decisions in the housing process
the dwelling environment may become a barrier tsqeal fulfilment and burden on
the economy.
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Second Law - Dweller satisfaction is not necesganilated to the imposition of
standards.

Third Law - Deficiencies and imperfections in ondisusing are infinitely more
tolerable if they are his or her responsibilityrtibsomebody else’s.

Community Participation - Ensuring community participation is an importaspect of
sustainable housing. For the lower income populatommunal action, whether in the
political, social or economic realm, permits a soail activity impossible as individuals
(Jenkins, 1999). Community development is a keyrtiocking higher levels of mutual
advantage as well as more effectively and equitaldgessing state and economic
resources. Successful community involvement regusupport from the public sector
through training, empowerment, financial assistara@d guidance. Community
participation is also necessary to develop housihgsters to create sustainable
residential neighbourhoods. The possibilities gneatly multiplied when governments
actively try to foster development simply by bringipeople into the process (Eldmery,
2002).

2.3.2  Economic sustainability or Affordability

Economic sustainability or affordability in housisgould be embedded in an economic
development strategy, which strengthens the ecanaself-reliance of household
members. Even though the housing problem arisea agmbol of poverty, mere
financial assistance usually does not help the poproviding housing. Affordability
by a household in any part of the world dependst®rcommand over the various
resources required for housing. The poor often aaafford to accept public housing
assistance due to the lack of economic sustaibhalli affordability of the housing
programmes.

Affordability by the households, their basic shelteeds, and their pre-requisites or
resources for housing development has been idehtifis the essential criteria for
measuring economic sustainability of housing (Bi).

Economic Factors

\ 4
v v v

Affordability Shelter needs Pre-requisites

Figure2.6 Economic sustainability or Affordability
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Affordability - Affordability by the households must be given rigitority before
planning any housing development programme. The mgsortant financial resources
are the actual and potential savings by the inhatstout of their income. This probably
represents between 10 to 15% of all personal insolffeirner, 1976). Housing
programmes may be linked to some form of progranikesmployment generation or
income generation activities, enabling the poorafford their own houses and to
maintain them (Bhattacharya, 1994).

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

Pre-requisites - Access to land, resources and basic infrastruésuaepre-condition for
affordable housing (Bhattacharya, 199#ouses cannot be built and managed or
maintained without resources, infrastructure anddldo build on. The economic
sustainability of housing is a function of the valof those resources and the costs of
the ways in which they are employed (Turner, 1976).

Shelter needs - Affordable housing can said to be sustainable dhityprovides basic
facilities and amenities essential for the wellrgeiof the inhabitants. According to
UNCHS (1990) country-specific modes of adequatédteshare suggested as sustainable
solutions since they are environmentally appropriagconomically attainable and
therefore realistic. For instance, an affordableetylesign of a house with minimum
essential facilities may sometimes unrealistiét dannot fulfil the basic housing needs
of the households.

Millions live in poor housing conditions where theare high rates of unemployment
coupled with poverty and lack of basic amenitiess fhe improvements and
developments in society are related to economiceldpwment, socio-cultural
sustainability is closely linked to economic susédiility. Economic growth is a key in
providing the means to meet basic needs, to easartgpand to generate employment,
the factors essential for sustainable developmeetop, 2001). Housing activity is
closely linked to the macro-economy. It is capabfeproducing employment and
growth. Investments in this sector not only imprand add to the existing stock of
housing units, but also improve the working andhlivconditions. The housing sector is
employment-intensive. It generates employment dutfie construction period and also
during its life for proper maintenance providingg@ayment opportunities for skilled as
well as unskilled labour (Glaeser, 1995; TiwariD2p
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2.3.3  Technological sustainability

Conventional building materials are beyond the heat the majority of the world
population due to their poor affordability (UNCHB)93). Besides the escalation in the
cost of building materials, raising environmentaincerns due to the extensive
exploitation of natural resources connected withegeal construction and other housing
development activities urge the search for altéraatechnological options. It is now
generally agreed that development in the low-incamantries must proceed in parallel
with a general global application of new technodésgiwhich are both less resource
intensive and less environmentally damaging (Speatcal., 1995). In both these
respects, technological sustainability is connededeconomic and environmental
aspects of sustainability. It is also related tocigeultural sustainability, as
technological innovations reflect social demandsj @hose are in general culture-
specific. Sustainable construction can be describeda way of designing and
constructing buildings that support human healthyggcal, psychological, and social)
and which is in harmony with nature, both animate manimate (Hendriks, 2001).

Feasibility, functionality, strength, durabilitygliability and environmental friendliness
are identified as the basic necessities for teduichl sustainability (Fig. 2.7).

Technological
Factors
v
v v v v
Feasibility and Durability and Environment
Functionality Strength Reliability friendliness

Figure2.7 Technological sustainability

Feasibility and Functionality - The technological innovations should be feasibléh®
users. Technology which utilizes local resourceskilled labour, locally available and
renewable materials can be said to be sustaindtdbould be able to benefit as many
people as possible and should be flexible and alsctional, i.e. adaptable to the
changing needs of the community; at the same timeust be affordable and workable
at community level.

Strength - The techniques of construction and materials ukedld be strong enough to
meet the basic strength parameters appropriatetimtal circumstances.

Reliability and Durability - These are closely related to the strength parameted
figure essential criteria for long- term sustaitiabi Durable refers to the property of a
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material, building section or construction that casist any unacceptable deterioration
of relevant functional characteristics through #fiecchemical, physical and
mechanical loads over a certain period of time (Hiés, 2001).

Environment friendliness - Environmental friendliness of technological options
sustainable constructions refers to the minimizese of renewable and non renewable
resources, extensive utilization of waste matedald as well as minimizing the impact
of waste products and pollution.

2.3.4  Environmental sustainability

Environmental sustainability requires the allewaatof poverty if it is to be meaningful
(UNCHS, 1996). Many environmental problems oftetualty originate from lack of
development and environmental degradation, in teading to poverty. Overall, the
concept of sustainable development suggests atlgmpositive relationship between
socio-economic development and environmental swabdity (Veron, 2001). The
positive environmental changes generate economipoaerment, enhance social
capital and build institutional capacity. In orderbe sustainable, developments in the
economy and social changes should be able to sustalogy and improve potential
resources for future generations. We have entaraain which no country is isolated
and secure from the impacts of the environmentaditions of its neighbours. All
countries have a stake in each other's presenfuance well-being (UNCHS, 1990).
Environmental sustainability is the most signifitaoncept of sustainability as it takes
care of the demands of future generations alonlg tivi¢ present needs.

According to the World Watch Institute, buildingnsiruction consumes 40% of the
raw stone, gravel and sand, 25% of the virgin wet® of energy and 16% of water
used annually worldwide (Roodman et al., 1995). @testruction industry is involved

in activities that adversely affect the environmdmbugh the over-exploitation of non-

renewable resources. It may result in stripping top soil, destructing natural

topography, resulting in problems like erosiondglides, and also causing detrimental
effects to local hydrology. This also contributes the loss of fertile soil and to

destruction of agricultural land, along with theptiion of natural resources and
pollution of the environment by the emission of tdudebris and toxic gases as by
products of the building process. Statistics olt@nergy consumption show that the
proportion of energy consuming for building aciig in the developing world is 35%

of the total annual energy consumption. It utilizesergy for the development or
production and transportation of materials and rimaeli, building and also for the

maintenance activities.
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Annually more than two million residential buildim@re constructed in India apart from
the construction of commercial and industrial binigg. Bulk annual consumption of
materials like cement (more than 75 million tonneel (more than 10 million tonnes)
and bricks (more than 70 billion tonnes) for thesastruction activities contribute to
the emission of greenhouse gases to the atmospgRe@dy et al., 2001). Good

environmental performance is important to mitigite impact of climate change and
depletion of resources to attain a sustainable thiabihe National Measures for
Sustainable Building in the Netherlands include soeas of six environmental themes:
energy, water, materials, indoor environment, swrding environment and

miscellaneous (Hendriks, 2001).

Efficient use of renewable and non-renewable ressyrproper land management,
provision of healthy surroundings, basic infrastuoe facilities and waste management
have been identified as the basic criteria for eghg environmental sustainability in
housing (Fig. 2.8).

Environmental

Factors
v v v v v
Renewable and Land Healthy Infrastructure Waste
Non-renewable conservation and environment managemerand
Resources proper plannin Materia efficiency

Figure 2.8 Environmental sustainability

Renewable and non-renewable resources - Minimizing or effectively utilizing the
resources and promoting the usage of sustainabdeirees are the main concern in this
context. Especially energy and other non-renewadd®urces in household activities
and the building process need specific attentiohe Dverexploitation of natural
resources should be restricted. The recyclingease of water, rainwater-harvesting
systems can be included as essential aspectswaltngasic infrastructure facilities.

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

Healthy environment - The habitat as well as the nearby environmemtuish be
favourable to the healthy development of inhabgafioth physically and mentally.
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Planning of both the indoor and outdoor environmesagd prime concern with respect
to ventilation, thermal comfort and lighting thrdugroper planning and orientation.

Infrastructure - Infrastructure can be divided into two componestsial infrastructure
and physical infrastructure. The social infrastnoetrefers to educational and health
care facilities. The physical infrastructure inasdwater supply, sanitation, drainage,
transportation, solid waste management and landaganent. The provision of
physical infrastructure must be seen as a prengguis achieve sustainable human
settlements (Choguill, 1996). Infrastructure depebtent is essential to improve the
quality of life for human beings as well as thetpaotion of the environment.

Waste management and material efficiency - The processes involved in the provision
and use of housing have a significant role in thetribution of solid waste. Household
activities also supplement to the accumulation oéste further polluting the
environment. Construction and demolition debrisoants about 15-30% of solid waste
by weight representing a major component of all itipal solid waste (Kartam et al.,
2004). Reducing material wastage has several liendfi reduces global material
consumption and in the long term, also the amofidemolition waste. It also reduces
construction costs, making houses more affordadleen properly done, recycling
waste as building materials is a convenient wasethice the environmental impact of
the construction industry (CIB and UNEP, 2002).

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

Basic infrastructure by

« Provision of drinking water

e Provision of drainage and sanitation
e Waste disposal

* Provision of electricity

Energy efficiency by

* Minimizing the use non renewable energy in daily$ehold activities
« Utilizing alternative solutions for renewable energ

Water efficiency by

* Reuse of water
e Protecting water quality
« Rainwater harvesting methods should be integratdfdheusing projects



32 Chapter 2

Land management

« Conservation of agricultural land
« Proper regulatory measures should be taken agamsintrolled land reclamation
for clay mining, housing and other development

Indoor environment

e Improving air quality
e Improving thermal comfort

Surrounding environment

e Improving biodiversity

Waste management

* Proper disposal and recycling of household waste

Based on the above discussions on different aspécsstainable-affordable housing,
Fig. 2.9 presents an objectives hierarchy modeséstainable-affordable housing. This

framework can be used for evaluating the presensihg issues or formulating the
guidelines for new housing projects for achievingtainable housing development.
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Fundamental objective
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Figure2.9 Objectives hierarchy model for sustainable-affordable housing (CF,)
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24 The conceptual framework for sustainable-affor dable housing

The macroeconomic performance sets the overalluresoframework for human
settlements in all countries. Although there isl@ac correlation between economic
growth, the level of urbanization, the quality beer and basic services provided, and
social indicators, there are many exceptions to ithie: policy can make a difference,
even when resources are scarce (UNCHS, 1988).dlviscates the need for a strong
supportive institutional (policy) framework, inclingg a wide range of inputs and
expertise to deal with all different aspects, tlatoes involved and their actions at
various levels, to accelerate and integrate thega® of development in a sustainable
manner.

The existence of inappropriate regulations andfigient planning systems can also
cause havoc with housing supply for the poor mgjofihus housing policy for people

living in poverty has multi-objective and multi-titsitional relevance (UNCHS, 1990).

At the strategic level, sustainable developmenhgipies and approaches should be
integrated into policy strategies and into the piag process. A hard-core policy

framework is thus inevitable for the efficient worg of implementation systems,

which can optimize the limited resources and irdégithe various actors. It is also
essential to create a ‘pull’ from the side of bésiafies rather than being a ‘push’ from
the authorities in achieving the development ofanable housing.

The proposed conceptual framework for sustainatiedmble housing (Fig. 2.10) is
thus a combination of objectives (CFig. 2.9)and strategies (GJ for sustainable-
affordable housing. GFObjectives for sustainable-affordable housingsetie criteria
for sustainable housing development, and helpsnalyaing the housing issues. CF
strategies for sustainable-affordable housingntisrided to assist in formulating policy
recommendations supporting sustainable-affordabiesing utilising the criteria set out
in the first phase as guidelines.

Sustainable-Affor dable
Housing

CF; T CF;
v v
Objectives for Strategies for
sustainable-affordable housing sustainable-affordable housing

Figure2.10 Conceptual framework for sustainable-affordable housing
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Policy reforms in the housing sector require a ¢guspecific approach of applying the
appropriate instruments to the conditions, chaksngnd constraints in each country
(World Bank, 1993). Since housing is a region-sieeictivity, these strategies can be
formulated only after the evaluation of housingiaiton using CE In this framework
CF, can be considered as a mechanism for achievinghjeetives as derived from the
analysis using Cf

25 Conclusion

The basic conceptual model for sustainable-affdedalhousing shows the
interdependence of the four factors of sustainghdihd as well as their equality. These
are the pre-assumptions of this model and willes¢eid under the context of Kerala.

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

The Objectives hierarchy model (§Fanalyzes the needs and requirements of the
beneficiaries from their own viewpoints and entis¢m under the heads of different
objectives of sustainable development. Based oratladysis of CE; strategies have to
be formulated according to the requirements of asngble-affordable housing. €F
brings up integrated strategies for addressinghthesing problem as defined by CF
considering the regional requirements.

This conceptual framework will be applied and tdste this thesis in analyzing the
housing situation of the poor in Kerala and forninkg strategies for sustainable
housing development.






Chapter 3

3 PUBLIC HOUSING POLICY IN KERALA: HISTORY AND
EVALUATION

3.1 Introduction

This chapter presents an evaluation of the puldicsing policies for the economically
weaker sections (EWS) in Kerala. It also presemtsoeerview of the evolution of

housing policies in the developing world and sulbsed changes in the low-income
housing policy of India, with specific attention tioe case of Kerala. A methodology
based on the conceptual framework from chapter apglied in the analysis. This
evaluation helps to understand the problem throaigtustainability perspective and
investigates the success and failure factors ofipiuttervention in housing the poor.
Data for this chapter are collected mainly throughiew of the literature from reports
of international agencies like the World Bank, UN&H-ive Year Plan documents of
government of India (details of housing policy ahdusing programmes) and the
official reports of government of Kerala. Field ebgtions and information from

household surveys are also used for the analysis.

This chapter is comprised of five sections. Afthistintroductory part, section 3.2
presents an overview of the evolution of presenisiig policy in India followed by the
advancements in the developing countries. Thisuexeeded by the public housing
initiatives in Kerala. Section 3.3 gives the evéilua of public housing schemes in the
state. This evaluation has been done in two sta@e$iom the perspective of the
government and (ii) from the perspective of the epbsr. Section 3.4 gives the
conclusion.

3.2 Evolution of housing policy

Before the world wars, housing was given low ptioend left to private enterprise. It
only raised the attention of both national and rimiéional agencies only after the
Second World War. The most significant agents wbeee United States and United
Kingdom together with the United Nations. They offé guidance and assistance to the
national governments. It was a period of pioneeiiriiatives in housing policies in
most countries of the developing world (Harris let2003). Since 1945, housing policy
had undergone a major shift throughout the worlte World Bank entered the housing
field only in 1973. Later in 1978, the United NatoCentre for Human Settlements-
Habitat (UN-Habitat, http://www.unhabitat.org/) wastablished as the lead agency
within the UN system for coordinating activities the field of human settlements
development.
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A paradigm shift in policies has taken place frdra initial ‘provider’ approach (1945
to 1960) to the present ‘facilitator’ approach (@88onwards) through an approach
based on aided self help and mutual help (1960980)L The Global Strategy for
Shelter (GSS) to the Year 2000, adopted in 198%hasized the need for improving
production and delivery of shelter, revising na#ibrhousing policies through an
enabling strategy, and offered useful guidelingstlfie realization of adequate shelter
for all by the beginning of twenty-first centuryh@reafter, in 1996, a ‘Habitat Agenda’
was called for by UNCHS as a global plan of actainthe second United Nations
Conference on Human Settlements (Habitat), heldsianbul, Turkey. This global
agenda adopted by 171 countries contains over bdncsmmitments and six hundred
recommendations on human settlements issues. tBetbi@i progress in developing
countries in the past two decades in low- incomeshg policy, the gap between policy
formulation and the implementation process is widgnand the housing situation of
lower income groups is far below being satisfac{@sguden, 2001).

Homelessness or poor housing conditions often aeflee amplitude of poverty. In
today’s market-based society, needs are fulfilladelol on the financial ability of the
individual rather than its importance. As a restlie poor have to be satisfied with
lowest quality of housing and living environmenteyided by the commercial market.
They cannot afford to pay the economic rent fordiog accommodation of even the
minimum standards. In this context, this discusgiarthe public efforts in solving the
housing problem should be helpful in analysing greblem and providing fruitful
solutions. Particularly in India, with the highestmber of poor population in the world,
public support plays a significant role in ensuraagquate supply of affordable housing
to the poor. The succeeding section presents aigti|m on the evolution of housing
policy in the developing countries and correspogdiublic housing efforts in India
(Kerala).

3.21 Developing countries

The aftermath of Second World War raised a hugeasehof housing throughout the
world. Policies at that time were mainly guided blyese demands and by
decolonisation. Among the developing countries, fitst countries to develop housing
programs were the colonies of the European couwntr@d their initiatives were
prompted, guided, and partially funded by theirooidl masters. As decolonization
proceeded during the 1950s and early 1960s, thpomeibility for promoting housing
policy passed from colonial governments to the éthiStates and the Soviet Union,
themselves imperial powers, and to internationanages, initially the United Nations
and later the World Bank. Since the 1960s, thesn@gs have appeared to have a
dominant influence upon the evolution of housindigyin the developing world
(Editorial, Habitat International, 27, 2003). Reséa&rs have identified three phases in
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the evolution of housing policy since 1945: pultlicusing (1945-1960s), sites-and-
services or aided self- help (1972-1980s), and etarkabling (1980s—present) (Harris
et al., 2003; Giles, 2003).

Phase | (Public housing, 1945-1960public housing policy was sometimes described
as ‘Permanent housing for refftyK Information Service, 1960 cited in Harris et, al
2003). The Governments’ role in the public hougiotjcy for low-income housing was
that of a ‘Provider of public housing. Houses were the form of permanent
construction units, often apartments, with the aggtions to ensure affordable and
effective housing delivery, eliminating unsanitacpnditions, to replace squatter
settlement. But they implemented the policy in #a@me way as in industrialized
countries without much thought about differing et into developing countries
(Pugh, 1994). High building standards coupled i use of imported materials made
the housing expensive. Also the occupants wereefbto adapt to unfamiliar living
spaces, which were designed to suit European asrand cultural norms. Eventually,
in a number of countries, the occupants of publwgets were allowed to adapt and
extend their dwellings in ways that made them bothe affordable and more suitable
(Tipple, 2000). Additional problems often includé challenge of managing projects.
This ‘product’ approach, requiring large subsidies unit, resulted in the formal sector
(developers and financial institutions) and couddisfy only a fraction of household
demand. Also it failed to generate the market meidmas necessary to convert
homeownership into an economic as well as a sgoiadl (Ferguson et al., 2003). Most
experts, and all international agencies, soon coled that public housing could not
solve the housing problem in the developing woalidg viewed it as inappropriate and
expensive (Harris et al., 2003; Gulati, 1985). 8ohs urged by Turner and some of his
followers argued that the poor people should bedichther than hindered in their
attempts to solve their own housing problems, thhoself help or mutual aid.

Phase 1l (Sites-and-services or aided self- haf®e 1960-80) The public housing
phase between 1945 and the late 1960s was reptgcad enthusiasm for ‘sites and
services'. Under this method, the government gdiygueovides land, plans the lay-out
of the site and circulation, secures land tenurettie occupants, and installs facilities
for water supply and waste disposal or play grousmts other community needs. The
building of housing units is left to the residehiswhatever means is available to them.
Until the early 1960s, aided self-help was constye endorsed by the leading
international housing agencies including the Unitetétes and United Nation#n
addition to aided self-help, the UN emphasized &ngbstrategies. These usually
involved support to the building and building métkyr industries (Giles, 2003). The
World Bank’s entry into the international housingld in the early 1970s is generally
supposed to have opened up a new era and haslaegeampact upon the theory and
practice of the housing situation in developing toies. The Bank’s endorsement of
‘sites and services’ was consistent with the UNditmuing emphasis on self-help
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(World Bank, 1972)These efforts brought out considerable changesciongparatively
short period of two decades. The first phase ofBhek’s theory and practice of low-
income housing was based upon neo-liberalist palittconomy, with emphasis upon
individualism, free markets, and ‘user pays’ pnotes. The state’s roles were seen as
facilitative and limited, mainly being expressed pnoviding infrastructure, utility
services, and title to land. The intention was &kenhousing affordable to low-income
households without the payment of subsidies, intrash to the heavily subsidized
public housing approach. In the years 1972-1982,Bhnk took a project-by-project
approach, using its financial power to steer petidiowards affordability, cost recovery
and replicability. Housing standards and methodsowistruction were to be set within
affordability, using budget limits to define fedsibstandards rather than following
professionally derived building standards to deteer(excessive) budget levels. Self-
help housing has relevance and significance throuigthe evolutionary changes in
policy from 1972 to 1993, but its significance amdevance in overall housing policy
varies. In the 1970s it occupied a central positihiereafter its position changed to
being an element in overall policy, which widenea ihclude housing finance,
macroeconomics, and whole housing sector develop{Regh, 1994).

Phase Il (Whole sector development or market éngblsince 1980) One of the
perceptions that emerged in Vancouver UNCHS sunmii®76 was to consider human
settlements as an integral part of national devatog. The role of the government as
an enabler of public housing was called for. By thiel-1980s the World Bank also
adopted a second phase approach (1983 to 1983daion linking housing sector
development to national economies. This fundamestidt of the governments from
provider to enabler reflects a growing understagdifithe importance of housing as an
economic good (Zearley, 1993t commenced with the channelling of loan assista
through housing finance systems, using these asluisnfor broad allocation to
households. One major thrust of these reforms wawdbilize household savings, in
particular, and to draw these into the housingte&pection of the capital market (Pugh,
1991). This approach had important implicationsaidening the agenda of housing
policy reform. Policies and practices have beerchirig emphasis since the mid 1980s
from a focus upon a project-based approach, fomeie, in sites and services schemes,
to whole housing sectatevelopment. The third phase policy (post 1989)wegbfrom
the second phase and was concerned with housiramcin and macro-economic
conditions, and it became expressed publicly in\therld Bank’s strategic housing
policy review set to the theme of ‘housing: enadplmarkets to work’ (World Bank,
1992). The main thrust of this phase is the groaid development of the whole
housing sector in its urban and national contexa Whole sector housing development
perspective, policy makers and professionals haen lurged to understand housing as
one that connected to development policy, to theraiaconomy, to anti-poverty
policies, to infrastructure services, to land piekcand land management, to capital
market and financial systems, and with a focus ufmwmincome groups in their
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housing opportunities. The third phase joints thgetthe World Bank, the United
Nations Centre for Human Settlements, and the Wdnil¢ations Development
Programme (UNDP) (Pugh, 1994). UNCHS serves ascal fpoint for monitoring
progress on implementation of the Habitat Agends @vailable information suggests
that follow-up activities on the Habitat Agendatsabof "adequate shelter for all" have
strengthened the focus on the implementation of Glabal Strategy, with specific
reference to promoting the principles of enablempattnership and participation, as
well as to topics related to the realization of $ing rights, improvement of the access
of low-income groups to elements of shelter deliysuch as land, finance and building
materials) and the diversification of shelter pplio more effectively address the needs
of vulnerable groups and people with special ne€ts.implementation of the Habitat
Agenda has also strengthened the trend of utilitiegshelter sector as a driving force
for the promotion of economic development and aeféactive entry point for poverty
eradication and social development. Perhaps tlggesmost important development in
policy and planning over the last two decades hesnbthe shift to the "enabling
approach”. The underlying philosophy of the enaplpproach seems to be accepted
by all, yet concrete implementation remains weakl, many countries lack the detailed
time-frame, sub-objectives and resources requiedutn policies into strategies
(UNCHS, 1996).

The public housing approach in India also had gbrnaugh a series of changes over the
years since independence before getting its présemtof national housing and habitat

policy. It exhibits a similar kind of policy shifts in other developing countries from the
earlier Public Housing phase to the present whedtos development concept.

3.22 Housing policy: India

There were no major officially sponsored housingpgpammes in India before
independence (1947) other than a few isolated pteto house their employees by the
central and provincial governments. Independenialmds facing crucial problems like
rehabilitation of refugees, migration of rural ptgiion to urban areas, high population
growth rate like most of the other newly independeountries. About 7.5 million
displaced persons came into India from Pakistanta@groblem had been tackled to a
great extent by providing planned colonies and &hwWps in various parts of the
country. It is in this connection that the cengal’ernment undertook a first large scale
housing programme for persons other than their eyegls. Ulhas Nagar near Mumbai,
Sardar Nagar near Ahmedabad, Gobindpur and Hastiaplitar Pradesh, Chandigarh,
Faridabad and Nilokheri in Punjab are among theomeplonies constructed for the
refugees.

The immediate responsibility of the governmentrafapendent India was the provision
of reasonably decent accommodation in the urbaasanéthin the limited funds. They
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followed a central planning model of developmenbtigh the Five-year Plans and
various social housing schemes for different sestiof the society were introduced to
solve the housing problem in India. Right from fhiet Five-year Plan period (1951-
56) housing has been given importance, though det@wate when compared to the
magnitude and nature of the problem. Financialcalion for housing as a percentage
of total investment in the economy was as high4# & the first Five-year Plan but
has come down to as low as 2.4% in the tenth (Z0)ZFive-year Plan (Five-year Plan
documents; Rao, 2004). The ensuing text presemsd#tails of different housing
programmes introduced by the central governmenttr the Five-year Plans.

In the first Five-year Plan (1951-56), the emphasis given on institution building and

on construction of houses for government employses weaker sections. But during
the second Plan period (1956-61), the scope ofihgygogrammes was extended to a
greater extent to the poor. The government adofitecconcepts of welfare state and
gave priority to housing the masses in decent enwient, especially slum dwellers,

industrial workers and low-income groups. One @& #arliest efforts in the matter of

public housing was the social housing scheme intted during this period.

The integrated subsidized housing scherdwe industrial workers and other

economically weaker sections in the society (1982tonsidered as a landmark in
India’s social housing history. The scheme was méarmprovide developed plots or

two-roomed single or multi storey houses on a tehtessis subject to certain cost

ceilings. Minimum standards were also ensuredHerhouses under this scheme. The
central government provided fifty per cent subsiiyd the rest as loan to state
governments, or Statutory Housing Boards, employerd registered co-operative

societies of industrial workers for constructiontefiements. It was decided in 1979 to
transfer the tenements to the occupiers at actsilan hire purchase basis.

The Low-income group (LIG) housing scheme (19%45k initially intended to provide

loans or grants to persons whose annual income mimesxceed Rs. 6000 (€ 120) to
meet their housing requirements. Later during Ll tFive-Year Plan it was extended
to weaker section of the community with an annnabme of Rs.1800 (€ 36) and less.
The assistance was restricted to 80% of the esimabst of construction, including
land and was subjected to a maximum of Rs. 80ABQ. The implementing agencies
were governmental and semi governmental organisatiod cooperatives.

Subsidized housing scheme for plantation worke@&§)was introduced to assist the
planter companies to provide housing for the pléonaworkers with the help of loans
and subsidies from the central government. Smallioomed houses with low ceiling
costs were provided.

Slum clearance and improvement schevas introduced in 1956 in the central sector to
provide for the rehabilitation of slum families aatso for improvement of slums. The
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tenements were constructed by slum clearance baatisiousing boards and the slum
dwellers were charged nominal rents. This schermsetraasferred to the state sector in
1969.

The village housing project scheme (19%7)vided the grant of loans for construction
of houses by villagers to the extent of 80 per cétihe cost of construction.

The formal housing finance sector in India hadbiginnings in the 1960s when the
government, through its various schemes for pudnlid low-cost housing, was the sole
provider of housing finance. All the schemes at tfirtae provided housing loans at
lower rate of interests but could not reach thedswstrata of the society. The rental-
housing scheme provided rented accommodation calsll benefit the employees of
the state government only.

The housing programmes in the third Plan (1961v&&e focused on the co-ordination
of efforts of all agencies and orienting the prognzes to the needs of low income
groups.

Subsidized rental housing scheme for the EWS inttedduring 1964-65 provided the
poor with either developed plots or two roomed leoimsa developed plot on rent. The
land acquisition and development scheme introdwbedng this period also made
developed plots available at reasonable pricesetuple belonging to lower income
groups.

The balanced urban growth was the high prioritythe fourth Plan period (1969 to
1974).

Environmental improvement of urban slumas undertaken during 1972-73 and
provided financial assistance to the states foraegn of water supply, sewerage,
paving of streets, the provision of community las, etc., in slum areas.

1970s marked two significant developments in theshty finance sector. During this
period a public sector housing company, Housinglarizan Development Corporation
(HUDCO in 1970) and the first private housing fioancompany (HFC), Housing
Development Finance Corporation (HDFC in 1977) westablished. HUDCO served
as the principal institution to finance governmeuapported housing programs, whereas
HDFC introduced mortgage financing to India and hasome the largest and most
successful in the country.

The main thrust of the programmes in the fifth P(&a@74-79) was directed towards
ameliorating the conditions of the backward seaiofhthe society by augmenting the
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programmes for the construction of housing colorigsstate housing boards and
provision of house sites for landless labourensiial areas.

During the initial phases (1950t01979) of socials$iag, the schemes were mainly
directed towards the construction of formal housifagart from the houses constructed
for slum dwellers and industrial labourers, theyoséction of people who benefited
specifically from public sector support for housihgs been the employees of the
government and public sector enterprises. Duritgyphriod the houses constructed for
low income groups totalled only about 336,000 {siktive year Plan report). The

government’s realization of the ineffectivenessitefprogrammes, together with their
unwillingness or inability to increase the housimyestment, has led to a gradual
change in policy and pursuance of programmes thatlving ‘site and service’ and

self-help (Slingsby, 1989). Self-help housing, imative construction techniques and
utilization of the local building materials gainedore importance and was promoted
during this phase. The ‘Minimum Needs Programmel #re ‘Twenty Point Economic

Programme’ introduced during the Fifth Plan aimeth®roving the housing situation

of the poor.

The housing programmes during the sixth Plan (1880put emphasis on integrated
provision of services along with shelter. Condinrcof houses was included as one of
the major activities under the National Rural Enyphent Programme (NREP-1980)

and Rural Landless Employment Guarantee PrograrRineGP-1983).

The increasing housing demand forced the governtoegritrust major responsibility of
house construction to the private sector. A thmd-fole was assigned to the public
sector during the seventh Plan (1985-90) periothema mobilisation of resources for
housing, provision for subsidized housing for tle@pand acquisition and development
of land. The role of institutional finance and tpeomotion of building material
technology were also given due priority in the SekiePlan. In 1988, the National
Housing Bank (NHB) was established as an apex Hankhousing finance. The
National Housing Bank’s responsibilities includdaddishing guidelines for housing
finance institutions to ensure sound financial ng@maent, refinancing mortgage loans
made by qualified housing finance institutions, anobilizing formal sector resources
into housing finance. Based on the success of HRF@mber of new housing finance
companies were subsequently established durind@B@s to enter into the mortgage
lending market.

Indira Awaas Yojana (IAY) was launched during 198%6 with the objective of
providing assistance to the Below Poverty Line (BRUral households. Selection of
construction technology, materials and design weft éntirely to the choice of
beneficiaries. From the year 1993-94 the scopeAdf was extended to cover non-
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scheduled castes and scheduled tribes and belopetrexty-line families in the rural
areas.

Even though housing activities in India were guided monitored through the policies
prescribed in the successive Five-year Plans, twaeno clear pronouncement of an
integrated policy covering all issues relating tusing. Housing has got a new thrust
after the proclamation of 1987 as the Internatioviear of Shelter for the Homeless
(IYSH), by the United Nations. A comprehensive Na#él Housing Policy (NHP) was
drafted in 1987 in connection with the 1YSH initiegs in India.

The post-1990 period can be seen as the era ofrtgosisctor reforms in India. Massive
housing programmes have been launched, throughewountry by the respective state
governments. Keeping in line with the UN declanatad Global Shelter Strategy 2000,
the government of India reformulated the housinlicg@nd introduced as the National
Housing Policy (NHP) of India in 1992. The recogmitthat the physical dwelling unit

is not the sole element of housing and that theigian of basic services like potable
water, sanitation, drainage, electricity and sutieo services are integral to housing
was reflected in the housing schemes during thébghe

During the eighth Plan (1992-97) period, significantivities were undertaken towards
the implementation of Agenda 21, endorsed at tleedRi Janeiro environment meeting
of 1992. This document had laid stress on the @e#ting situation in human
settlement conditions, assessed to be a resuttvofldvels of investment because of
resource constraint and recommended promotionrapcoivement of activities in eight
priority areas. There is an enormous shortage & lbusing sector and major
deficiencies in the housing-related infrastructurbe key objective of the NHP-1994
was to provide access to adequate shelter forThik necessitated a policy shift to
encourage the private and cooperative sectorsay glmajor role in housing sector,
modifying the existing legal and regulatory reginfdiis position was reiterated and
elaborated in the National Housing and Habitat dol{NHHP) of 1998. This policy
aims in providing “Housing for all” with an emphasin extending benefits to the poor
and deprived. It has spelt out its objectives amakities as follows:

= To create surpluses in housing stock and facilitatastruction of two million
additional dwelling units each year in pursuance Ndtional Agenda for
Governance.

= Providing affordable, good quality shelter optidos the citizens, especially the
vulnerable group and the poor.

" http://www.ciionline.org/sectors/61/Images/nhhp19@8 (Accessed on 22'nd May
2006).
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= Ensuring infrastructure facilities and easy acdshisi to drinking water and basic
sanitation to all dwelling units.

= Facilitating the easy access to land, finance ackrology.

= Progressive shift from a subsidy based housingmseh® cost sharing or cost
recovery-cum-subsidy schemes for rural housing.

= Protecting and promoting the cultural heritageh#@ecture and traditional skills.

= Using the housing sector to generate more employraed achieve skill up
gradation in housing and building activity.

= Using technology for modernizing the housing secdtorincrease efficiency,
productivity, energy efficiency and quality.

The ninth Plan (1997-2002) gave special attentiohduseholds at the lower end of the
housing market. The government shifted to the ofle facilitator with the concept of
sustainable development. An action plan for ruralding has accordingly been
prepared. Several innovative schemes were intrablbgethe central government in
1999, namely the credit-cum-subsidy scheme, Inmevatream for rural housing and
habitat development, Samagra Awaas Yojana and Rauiding centres to achieve
‘shelter for all' by twenty-first century, and tac@elerate the process of sustainable
development.

The credit-cum-subsidy scheme for rural housimag launched to facilitate construction
of houses for rural families who have some repayrapacity. The scheme aimed in
eradicating homelessness from the rural areaseotdlintry. The funds shared by the
central government and the states were in the o&ff®:25. The target group under this
scheme is rural households having an annual inagrie Rs. 32000/-. However, below
the poverty line, rural households were given pefee.

Innovative stream for rural housing and habitatefi@mentwas introduced with a
view to encourage the use of cost effective, emvirent-friendly, scientifically tested
and proven indigenous and modern designs, techiesl@nd materials. The objective
of the scheme was to promote or propagate innavatid proven housing technologies,
designs and materials in the rural areas.

The Samagra Awaas Yojanagas introduced with a basic objective to improte t

quality of life of the people as well as overalbitat in the rural areas. The scheme
facilitates convergence of the activities of diffiet departments involved in rural

development such as housing, sanitation, drinkiagevy electricity, rural technology

etc.

The ministry of rural development has launchedtres® facilitating the setting up of a
network of_Rural Building Centres (RB@hrough the length and breadth of the rural
areas during this period. The scheme representspinié of the enabling strategy by
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which access to appropriate technologies and dgpawilding at the grassroots level is

achieved for affordable housing. A rural buildingntre could be set up by the state
governments, rural development agencies, credibde-Government Organizations

(NGO), private entrepreneurs, professional assooigt autonomous institutions and

corporate bodies, including public sector agenpresided that they have the minimum

requirements as specified by the central governigididtP).

Table 3.1 gives a list of all the social housingesoes implemented by the government
of India since independence. It is interesting ée she replication of same kind of
policy shift as the one that noticed in the houginticy put forward by the international
agencies.

In the same way during the initial phase (Phadeoth 1945 to 1960, government of

India took the role of a provider of public housinthis was followed by sites and

service and aided self help as the second phasel&te 1960 to 1980. The third phase
(1980 to present) with the facilitator approachnglovith promoting the sustainable

habitat concept through housing programmes showgressive shift for rural housing

strategies from target orientation to a demandetri@pproach. This is well reflected in
the housing programmes of the current Plan pe2682-07) also.

However, in India housing being a state subjecysh policy is required to be

essentially formulated and implemented by stateegowents and local governments.
Each state government is required to frame its approach to the problem of human
settlement; following the guidelines in the natiohausing policy. The ensuing text
explains the corresponding changes in the housingt®n of Kerala and the political

approaches of the successive governments duriisg theriods.
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Table 3.1 Different Housing Schemes of the GovemtroéIndia
No: Housing Scheme Yearof | Target groups Policy shift
Launch
Integrated subsidized housing scheme 1952 Industrial workers and other economicall
1. . ; ;
for industrial workers and EWS weaker sections
) Low income group (LIG) housing 1954 Low income grdwusehold with regular
' income Phase |
3 Subsidized housing for plantation 1956 Plantation workers
' workers Public Housing
Slum clearance / improvement scheme 1956 Rehatalitaf slum dwellers
4, (1945 to 1960)
5 The Village housing projects scheme 1957 Villagerd landless agricultural workers
6 Middle Income group (MIG) housing | 1959 Loan scheme for middle income groups
' scheme
7 Rental housing scheme for state 1959 State government employees
' government employees
8 Subsidized Rental housing scheme for 1964-65 Economically weaker sections
' EW.S
9 Provision of house sites to land less | 1964 Landless workers in rural areas Phase Il
' agricultural labourers
10 Land acquisition and development 1967 Slum dwellers, industrial workers, LIG anfd Site-gnd -
" | scheme MIG households Service
1 Environment improvement of urban | 1972 Slum dwellers And
: slums Aided Self- help
12. Minimum Needs Programme 1974 Rural landless latisure
_ (1960 to 1980)
13 Rural house site cum house 1980 Landless rural poor
' construction scheme
Rehabilitation Housing Scheme 1984-85 Households who lost their houses in natufal
14. calamities and belonging to EWS
Indira Awas Yojana 1985 Economically weaker sections
15.
16. Rajiv One million Housing Scheme 1987 Economically weaker sections
17 Night shelter scheme for pavement | 1990 Pavement dwellers Phase Il
' dwellers .
18 National slum development 1996 Slum dwellers Market enabling
' programme (Facilitator or
19 Two million housing programme 1998 Economically weaker sections Whole sector
: development)
Samagra Awaas Yojana (SAY) 1999 Economically weaketions in rural
20. areas 1980sonwards
Credit cum subsidy scheme for 1999 Rural households with repayment capacity
2L | housing
Innovative Stream For Rural Housing| 1999 Economically weaker sections in rural
22. & Habitat Development areas
Vaalmiki Ambedkar Awas Yojana 2001 Economically weaker sections in urban
23. (VAMBAY) slums
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3.2.3  Housing policy: Kerala

State intervention in the housing sector in Kemades initiated in 1950. Until 1970 it
was limited to implementing the schemes of cerdmlernment, and the progress was
unimpressive mainly because of the low priorityhtusing and lack of mechanisms to
implement housing schemes. The various housingnseémplemented in Kerala till
1971 had produced only less than twenty-five thndd@uses in twenty years (Paulose,
1988). The Kerala State Housing Board (KSHB) wasstituted in the year 1971 with a
view to formulate and implement various housing starction schemes, as well as
housing loan schemes for catering the housing neédmiblic belonging to various
income groups in the state. The Kerala State Hgu#loard implements various
scheme, and its main sources of finance are itistital loan from HUDCO, LIC (Life
Insurance Corporation), HDFC and grants from théesgjovernment. The board has so
far (1971-2001) assisted the construction of 57 ld@uses under various schemes, out
of which 79% are for economically weaker sectio@®\ernment of Kerala, 2001).
However, the major plan schemes implemented byhthesing board ar&ubsidized
Aided Self-Help Housing Scheme (SASH), Rehabiltathousing scheme, the Co-
operative housing scheme for economically weaketis®es, the subsidized self help
housing scheme and Chengalchoola slum improvernceetse.

The first massive housing scheme, the One Lakh idHgu8chemgOLHS) for the poor
with community participation was implemented in Elerduring the year 1972-76. This
was a pioneering initiative of the state governmant it marked a remarkable change
in the low-income housing situation of Kerala. lasvdesigned for the poor landless
agricultural labourers, who have not received hdessls under the Kerala Agrarian
Relations Act. In 1971, the government of Indim@mced a scheme for giving free
house plots to landless agricultural workers aleroindia. The state government
decided to give houses also practically free of attmg with this. Funds were raised by
collecting donations from the public, free labotomh members of voluntary agencies,
students and beneficiaries themselves. At the tfaunching the scheme there were
960 panchayats in the state. The target was fikélearate of hundred houses in each
panchayat and thus a total of 96,000 (roughly 1068k lakh) houses, but they could
finish only 60,000 houses. The scheme was disceadirin 1976-77, mainly because
the government had decided to evolve new schemdmiefit a higher number of
households. The main feature of the scheme wasmthaxpenditure was incurred for
overhead costs and services. Both administrativke tachnical assistance were made
available through the voluntary efforts put up lfffcers and public.

The report and recommendations of the expert comeniappointed by the state
government to evaluate the OLHS emphasized the riapee of beneficiary
participation and the involvement of voluntary agjes. These recommendations lead
to the launching of a new scheme in July 1983 naawetSubsidized Aided Self-Help
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Housing Schente(SASH) for the economically weaker sections. Heheme is called
‘aided’ because the voluntary agencies and the rgavent help the beneficiaries in
mobilizing finance, arranging technical assistanqm®curement of materials et@ne
third of the cost was given as subsidy by the govent. The details of SASH were
worked out in a systematic manner by analyzing iptess schemes, adopting cost
reduction techniques in housing and by involvindumtary agencies. A clear shift in
governmental policy is visible in this scheme frtime earlier schemes by introducing
the involvement of voluntary agencies and benafjcgerticipation.

The devastating damage due to natural calamitienglul984-85 had rendered
thousands of families in the state homeless. Themonent of Kerala launched a new
scheme namely_Rehabilitation housing schewith a view of rehabilitating the

economically weaker sections in rural areas, wisi tbeir houses. The scheme is
designed in such a way as to tap the availablétutienhal finance to the maximum

extent possible, especially from such agencies assihg and urban development
corporation, consortium of banks, the housing demslent finance corporation etc.

The Nirmithi Kendra movement was started during fferiod (1986) at Kollam district,
with the objective of promoting Cost Effective aBdvironmentally Friendly (CEEF)
techniques for the construction of houses. Thisehads acknowledged by the central
government in 1988 and decided to establish astaone of ‘Building Centres’
throughout the country in each districts with thedphof HUDCO. Later in 1989 Kerala
State Nirmithi Kendra (KESNIK) was established asapex body to District Kendras
in Kerala.

The housing programmes for the Eighth Five YeanR1®92-97) were in accordance
with the national housing policy. The prioritiesdaprogrammes are designed as a sub-
set of the long term policy orientation. The goveemt of Kerala also formulated its
housing policy in 1994 in line with the nationalusing policy. The salient features of
the housing policy put forward by the state arefthlewing.

= Distribution of house plots free of cost to langlegrkers in rural areas.

= Direct and indirect subsidy for house constructmmeaker sections.

= Involving voluntary agencies co-operative societiad beneficiaries themselves in
the housing process.

= Experimentation and propagation of new constructechniques and improved
building materials.

= Imparting training to masons in new constructiarhtéques.
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= Ensuring basic facilities by providing drinking wat sanitary latrines, and
smokeless chulah# a phased manner.

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

Table 3.2 gives an overview of the major EWS haysichemes in Kerala. Apart from

the state government schemes, central governmédwnms (Centrally Sponsored
Schemes-C.S.S) are also implemented through diffedepartments and local

government agencies within the state. The ruraéidbgment department of each district
is engaged in the implementation of centrally spoed schemes through the different
block Panchayats.

Among the schemes listed in Table 3.2, only fewhefcentral government schemes are
implemented in Kerala. Indira Awaas Yojana (IAY $986), Rajiv one million housing
scheme (1987-92), Credit cum subsidy scheme fosihgu(1999), Samagra Awaas
Yojana (SAY, 1999) are the major centrally spondosehemes implemented in the
state.

Maithri Housing Schemés the most recent scheme of Kerala State HouBioard
introduced in 1996. Under this scheme, it was psep to construct 100,000 houses
per annum.Beneficiary selection was done by the grama parathtiyough the grama
sabhas according to the guidelines of this schdiiiehe end of the year 2004, KSHB
has assisted the construction of 282,238 housesr tinid housing scheme (Government
of Kerala, 2004).

From the ninth Five year Plan (1997-2002) onwahdsldcal governments are actively
involved in housing. People’s Planning CampaigrPCRAppendix 3.1), a process of
democratic decentralization launched in Kerala urgidst 1996 with the aim to achieve
sustainable development through people’'s partidpatin the planning and
implementation process, addressed twelve sectodewélopment including housing
and social welfare. Total Housing Scheme was aniteoub project undertaken during
people’s planning campaign for fulfilling the howngineeds of the poor in three major
districts of the state namely, Thiruvananthapurdgollam, and Thrissur. It was
planned to solve the housing problem by peoplersigi@ation. Along with the three
main organizations involved in cost-effective binlgl construction in Kerala such as
Habitat Technology Group, Costford, and the Nirinikendra; HUDCO and the
government engineering department were identified implementing the scheme.
During the first two years of the campaign 98,4®4ides were constructed, equivalent
to about hundred houses in each panchayat.

" Energy efficient oven for cooking
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Table 3.2 Achievement of major E.W.S housing sclererala
No | Scheme Total Implementing Target groups Policy
number of agency approach
houses
1 Subsidized Housing Scheme for| 1120 Central Industrial workers and Mine
Industrial Workers Government workers
2 Village housing project Scheme | 10606 Central Economically weaker section
(1958) Government
3 Subsidized Rental Housing 5336 Central Economically weaker section
scheme for E.W.S(1964-65) Government
4 Huts/Houses for rural workers 11698 Central Rural workers Phase |
Government Public
5 Low income group housing 30984 Central Low income group household Houysing
Scheme Government with regular 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 One Lakh Housing 60,000 State Landless agricultural workers
Scheme(1972) Government and economically weaker
sections
10 | Co operative housing scheme fdr 54589 State Economically weaker section
economically weaker sections Government in the rural areas.
11 | National Rural Employment 30426 Central Rural unemployed youth
Programme (N.R.E.P- 1980) Government Phase Il
12 | Rural Landless Employment 40829 Central Rural unemployed youth
Guarantee Programme Government Aided Self-
13 | Subsidized Aided Self-help 29675 State help or
housing scheme with cooperation Government Economically weaker sections Mutual help
of voluntary agencies
14 | Rehabilitation Housing scheme | 165739 State Households who lost their | (With partial
(1984-85) Government houses in natural calamities | financial
and belonging to EWS assistance)
15 | Jawahar Rozgar Yojana/ Indira | 127480 Central Economically weaker section
Awas Yojana (1985) Government
16 | Scheduled Caste(SC)/ Schedulgd 44840 State Economically weaker section
Tribe(ST) Development Government Belonging to SC or ST
corporation
17 | Tribal welfare Department 11558 State Economically weaker section Phase Il
Government Belonging to ST
18 | Scheduled Caste(SC) 51787 State Economically weaker sections Market
Development Department Government Belonging to SC enabling
19 | Fishermen Housing 61299 State Fisher folk Or
Government Facilitator
20 | Kerala State Co-Operative 142400 State Economically weaker sections and Whole
Housing Federation Government sector
21 | Flood Loan Schemes (1992) 15,235 | State development
Government
22 | Maithri Housing Scheme (1996) 2,63,778 State Economically weaker section
Government
23 | Total Housing Scheme (1999) 98,494 State Economically weaker section
Government




Public Housing Policy in Kerala: History and Evaluation 53

The review of the evolution of the present hougioticy in Kerala reveals a reflection
of global policy changes during the correspondingriquls, but with minor
modifications to cope with the interests of podititeaders and policies of the respective
governments. State government intervention in puidiusing was a remarkable turning
point in the housing policy of Kerala. It was piened by the launching of OLHS, with
the role of the government partially as a ‘providdrpublic housing. Even though the
International agencies that were constantly adwegatublic housing have shifted their
role from this approach by that time (1970s), toeegnment of Kerala promoted this
with few modifications. The beneficiaries got theukes almost free of cost but with a
minor financial contribution.

The housing schemes implemented during the fiftke lyear Plan (1974-79) addressed
the issue of rural housing as part of the minimweads programme. The basic principle
of shelter provision under this scheme can be saidbe one of ‘aided self-help’,
whereby the government selects the potential ugkeneficiaries), arranges for
financing and administrative procedures, and tlersuprovide the entire or part of the
labour input. This, new shift in policy was in limgth the international policies based
on aided self-help and mutual help marking the sdgohase. The rural employment
programmes like National Rural Employment ProgranfMBEP) and Rural Landless
Employment Guarantee Programme (RLEGP) introduasdhgl those periods also
followed the same approaches together with IAY/JRNis shift in policy is also vivid
in the ‘Subsidized Aided Self-Help Housing SchensA$H)’, launched in Kerala
during 1983-1985.

The 1990s witnessed significant changes in houpiolicy starting with the NHP,
which envisaged the government’s role as a fatlitaf housing activity, rather than
one of provider; this position was reiterated aladberated in the National Housing and
Habitat Policy of 1998. As a result, governmenttdbntions to housing finance have
fallen to less than nine percent, compared wittwehree percent, four decades ago
(Asian Development Bank, 2000). Thigolicy, which addresses the issues of
sustainable development, infrastructure and stpardic private partnership for shelter
delivery, is truly a mirror image of the whole sactlevelopment concept of UN and
World Bank and is also well reflected in the preskausing schemes (Credit cum
subsidy scheme for rural housing, Rural buildingtes, Total housing scheme etc.) of
the country. In 1996, with the decentralizationvenment, local governments started
getting involved in different development activitieThe ‘Total Housing Scheme
(THS)' was introduced during this period (1998) twithe concept of whole sector
development with the local or self government &sithplementing agencies.

Proper housing delivery is essential for sustamaftbusing. The housing delivery
process in Kerala will not be clear without addiegshis. Appendix 3.2 of this chapter
explains the roles of different actors and stakadad involved. Succeeding sections
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present an evaluation of the public housing scheémé&srala based on the conceptual
framework.

3.3 Evaluation of public housing schemes : Kerala

The housing situation in Kerala is rather differértm other parts of India. Public
housing schemes in this state were showing greatéormance in terms of magnitude
in investment and physical achievements and inidersbly reducing the housing gap.
About eighty percent of the housing support prodithg the state during the last three
decades has gone to economically weaker sectiosiffgpul he average increase in the
housing stock was sixteen percent during the pedbd991-2001 as against the
population growth of nine percent (Government ofdf& 2004). Despite the positive
trend in the housing conditions, a close analysisys that the poor and lower segments
in the society very often do not get the necesaasystance for the actual construction
and completion of houses. Though the poor managgetsupport, projects often fail
due to many reasons. The recent census reportdad (Government of India, 2001)
shows that among the total population in Kerala 1% no access to drinking water
and 16% has no toilet facilities. Visible slum-likeeas occur in human settlements in
rural parts of the state with many inhabitantsl stéprived of basic facilities like
drinking water and sanitation. All these necessithe evaluation of public housing in
Kerala.

It is difficult to carry out the evaluation of @themes due to their enormous numbers,
and it is also not necessary due to the similariéismong the schemes. Hence a proper
selection has to be done from the major schemeanfaking the evaluation more
meaningful.

3.3.1  Scheme selection and peculiarities

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

Distinctive phases | Housing Implementing | Peculiarities of the schemes

in Policies and Schemes agencies

Approaches selected

Provider Approach | One Lakh State First scheme implemented by the state government|
Housing Scheme | government It could create a revolutionary movement in the low

Phase | OLHS income housing scenario of Kerala with the
(1972) involvement of the entire state.

Massive scheme

Aided Self- help/ Indira Awaas Central Centrally Sponsored Scheme

Mutual help Yojana IAY government Beneficiaries are responsible for the entire boidi
approach (1985) process, making a feeling of proud and involvenien
Phase Il their house building.

Facilitator / Habitat | Total Housing Local/Self First scheme implemented by the local governments
development Scheme THS government A series of training camps were organised to aehiey
concept (1999) ‘Habitat Literacy’ in the application of appropreat

technologies, which are cost-effective, environraknt
friendly using locally available and affordable
materials responding to physical, social and clienat
Phase IlI needs of the region.

Insisting beneficiary participation and local peopi
the construction activities.

Massive programme.

3.3.1.1 One Lakh Housing Scheme (OLHS)

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

Funding of the project - Funds were raised by collecting donations fromphielic, free
labour from members of voluntary agencies, studantsthe beneficiaries themselves.
Each earning member in the state was requestednatel at least one day’s income to
the scheme fund. All students in the state hadribted to the housing fund. The main
idea was to create a feeling on involvement inntlireds of the people and to make them
proud of having participated in this great movenwrelping the poor and shelter less
in the state. The main feature of the scheme watsrnith expenditure was incurred for
overhead costs, such as appointment of additidati] purchase of tools and plants etc.
All services, both administrative and technical evenade available through the
voluntary efforts put up by officers and public.
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Type design - There was only one type design for the entis¢estEach block has two
houses in a back-to-back position with the longail ws the common wall with two
rooms and a kitchen with in a total plinth are28fsq.m.

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

3.3.1.2 Indira Awaas Yojana (IAY)

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

Selection of beneficiaries - Grama panchayat did the selection of beneficattieough
grama sabhas restricting the number to the tatiget foy DRDA, from the list of
eligible households, according to IAY guidelinesdaas per priorities fixed. The
minimum requirement for eligibility under this sche was the ownership of land
(minimum of eighty square metres).

Type design - No type design was prescribed for this schemepxbat the plinth area
of the houses was restricted to be around twentgregmeters. The houses should be
designed in accordance with the preferences ob#reficiaries keeping in view the
climatic conditions and the community perceptionsl @ultural attitude. Construction
of sanitary latrine and smokeless Chula forms gegnal part of IAY houses.

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

Financial assistance - IAY is a fully subsidized scheme and under this¢h&ire money
was distributed to the beneficiaries in four equatalments. The beneficiaries were
able to receive the instalments only after the detign of each specified stage of
construction.

Technical specifications - Technical specifications for IAY houses propo#es use of
local materials and low cost technology developgd/drious institutions. Technology
using bricks, cement and steel on large scale igemmmended. As far as possible,
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cement is substituted by lime and lime sutkhanufactured locally. Due to increase in
price of bricks, it is considered desirable to sitse burnt bricks with sun dried bricks
of earth-soil-cement.

3.3.1.3 Total Housing Scheme (THS)

Total Housing Scheme was an ambitious project uaklen during People’s Planning
Campaign for fulfilling the housing needs of theopin the three major districts of the
state namely, Thiruvananthapuram, Kollam, and Fhrislt was planned to solve the
housing problem by people’s participation. Alongthwthe three main organizations
involved in cost- effective building constructiom Kerala such as Habitat Technology
Group, Costford and the Nirmithi Kendra; HUDCO ath@ government engineering
department were identified for implementing theesub.

Identifying houseless people and beneficiary Selection - Surveys were conducted in

each Panchayats for locating the houseless peoplepatential beneficiaries. People

below poverty line were identified and beneficiarizvere selected based on the
selection criteria. Scores were assigned for belaeies based on the criteria and these
score sheets were submitted in support of selecfiteneficiaries.

Technical specifications- To utilize locally available materials and e@ommentally
friendly technology.

Building materials - A database of the housing situation, including résguirement of
materials, was prepared for future use. It wasn@drto repair and maintain houses and
rebuild only those houses that had become strulstwnastable. Anticipating the urgent
demand and consequent increase in the prices ldifimaterials, a price freeze in the
rates was implemented for a period of three yearind the implementation of Total
Housing scheme.

Training programmes - A series of training camps were organised forsona and

engineers, mainly in the application of appropritdehnology. About two hundred

engineers were trained in each of the three distnising the barefoot engineer’s
concept of training. More than ten to fifteen thand people were given hands-on
training in the art of masonry and basic constarctiThe training given was mainly in
the application of appropriate technologies, whéch cost-effective, environmentally
friendly using locally available and affordable evls responding to physical, social
and climatic needs of the region. The training afmve some orientation in the
management of the land, trees, water and infrastreicof the premises. Awareness
programmes were also conducted among beneficigr@iicians, administrators and

¥ Burnt clay or powdered bricks
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government officials to achieve ‘habitat literacyrhe main aim of this programme was
to unmask the technology and hence to break théegapeen architect, builder and the
common man to develop a friendly change in thedingj sector.

Beneficiary participation - Beneficiaries had given the freedom to designrtb&in
house plans according to their needs. A core hooiseept was adopted and allowances
made for future expansion. This core house washigugorked out to be about 30°m
including a living room, a bedroom, a kitchen artdiket.

Financial assistance and funding for the project - Financial assistance to the beneficiary
households was provided in the form of grant of 8000 € € 700) to construct
houses costing not less than Rs. 44,080€(880). Local self-governments in the
districts made an initial deposit of Rs. 10000 lpeanse on the basis of which HUDCO
sanctioned a loan of Rs. 35000 per house. The ggmanahayat (Rs. 7000), block
panchayat (Rs. 1500) and district panchayat (R60Y5Shared the deposit amount.
HUDCO sanctioned the loan amount for a fixed terireleven years at an annual
average interest rate of ten per cent.

3.3.2 Sustainability analysis for selected schemes

The sustainability analysis has been carried othriee stages using the criteria derived
from the conceptual framework. First stage of asialyAnalysis I) has been done to

evaluate the perspective of the government reggrttie schemes and the second as
well as the third stages (Analysis Il and Ill) fissessing the real situation in the field.

Analysis | (perspective of government)

This has been done in order to get a better owerviethe selected schemes from the
perspective of the government while on formulatthg housing programmes. It has
been discussed and analysed using the differentiarof the objective hierarchy model
(CFy), on the basis of the information from the officia@ports, documents on the
corresponding schemes and from other secondarycesuifhe question addressed
through this analysis is:

How far has the government programmes succeeded in incorporating sustainability
concepts in the conceptualization stage of housing schemes?

Analysis Il and Il (Perspective of beneficiaries o the real situation)

These parts of the analysis have been done tosmnéhg real housing situation of the
beneficiaries. Analysis Il is based on the researshobservations from the field, and
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Analysis Il based on the information from the helosld surveys. The latter will be

discussed in detail in chapter 4. The observerauatiorf (Analysis I1) has been done

in order to make a comparative evaluation betwesh perspectives using a common
tool. Since each household do have their own péicrepf sustainability, it may not be

possible to bring them into a common scale. Instaadobserver’s view point helps in
comparing the concept and practice using the sarake ©f assessment along with
assessing the reasons for mismatch. The questiressid in Analysis Il is:

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

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

Since it is not possible to quantify the varioutetia at these stages, a check has been
made to assess whether the selected housing schemesconsidered the particular
criteria in both these stages of analysis. A tiegel valuing scheme is adopted for this
check varying between 0 and 20 as 0, 10 and 20/&les are assigned as YES (Y) =
20 (for considering that particular criteria) NO)(N O (for ignoring the criteria) and if
they have patrtially (P) considered that criteriaabue of P = 10 is given. Hence there is
a greater chance of subjectivity in both the analyBo overcome this, in the third stage
of evaluation, a detailed analysis has been doesedian the household surveys and a
more accurate level of valuing system (5 point ldaetween 0 and 20, see Appendix
4.2, chapter 4). This is also strengthened by ¥a¢uation based on case studies.

Two assumptions are also made in this analysi$, as€

1. All aspects of sustainability carry equal weight.

2. The various criteria taken to assess the sustdityabispects also carry equal
weight.

A scale of 0 to 100 has been assigned to measeardifferent aspects of sustainability
by conceiving the first assumption. Table 3.4 gigedetailed analysis from both the
perspectives on each aspects of sustainabilitthefselected schemes based on the
assumptions made.

% The information collected during the household/eys and case studies are the basis
for this analysis.
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This analysis (Table 3.4 and Fig. 3.3) gives a canajive report on the selected
schemes based on each aspects of sustainabilityngume selected schemes, THS has
the maximum value for all the factors of sustaitigbin Analysis | and OLHS has the
least value. It means that the selected schemes ahgradual improvement in the
perspective of the government towards the probldath vespect to the concepts of
sustainability as it moves from OLHS to THS (19@2600).

Table 3.4 Sustainability analyses from the perdpes of the government (A I)
and the observer (All)

Socio-cultural sustainability (SCS)
OLHS IAY THS

Criteri

riena Al | Al | Al | Al | Al Al
Adaptability N N Y P Y P
Equality 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
Skills/ Assets P N P P Y P
Repayi_ng ability or ability to P N p N = N
maintain the house
She_lter needs_ v P v v v
Minimum requirements
Pre-requisites Y Y p N Y N
Land
Accessibility to resources Y Y P N Y N
Total score (100) 80 50 60 30 90 30
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Technological sustainability (TCS)

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 (100) 80 60 90 60 100 60

Environmental sustainability (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
Toilets
Drinking water
Drainage & waste management N N N N N N
Total score (140) 70 40 80 30 100 20
Total score (100) 49 28 56 21 70 14

The environmental sustainability of the selectedestes shows comparatively lower
values as compared to other objectives of sustdityain both the perspectives (Fig.

3.3), even though they demonstrate a clear upwartt ttowards sustainability from
One lakh to Total housing scheme as in socio-alltand technological factors in the
conceptualisation stage of the schemes. Howeveretbnomical sustainability of IAY

was comparatively lower than OLHS and THS in theasptualisation stage. This
could be attributed to the provider approach of GlL&hd enabling approach of THS.
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Figure 3.3 Comparison of different aspects of sustainability from the perspective of
Government (A 1) and observer from the field (A I1) for different housing schemes (For
figure legend, seetable 3.3)

However, the real situation in the field revealatbtigh the observer’s perspective (A
1) is quite different from Analysis |, and only @lvs minor variations (Fig. 3.3) among
the schemes. Also the values of sustainabilityfardess than those from Analysis I.
This verifies the mismatch between policy objectiand outcomes. It also shows the
ineffectiveness of policies in making concept iptactice.

3.4 Conclusion

The discussion of the evolution of present hougialicy in India (and Kerala) gives a
better understanding of the public initiatives aving the problem since independence.
It is interesting to see the same kind of policyftshin the approaches of the
government over the years as in the other devedomiauntries. However, the
preliminary phase of the evaluation on the pubbtging schemes in Kerala gives a
rather different picture and points towards thdficency of implementation strategies
with regard to sustainability aspects. The resufithis basic analysis can be grouped as
follows.
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= Irrespective of the different policies of the gavwaent, the representative schemes
selected for evaluation from each phase of policyndt show much difference in
the end results and all of them seem to have fHarfaled even from achieving
their goal as set by the government in respectargogs. Mismatch between the
perceptions (goals) of government and the realasidno of the beneficiary
households (results) is clear from the evaluafidns shows the ineffectiveness of
different policies and necessitates the need fdectbe policies for proper
implementation.

= The negligence of different environmental factoss dlear from both the
perspectives and can be considered as one of timereasons for the development
of slum-like human settlements in the rural arddsavala.

= The economic sustainability of housing schemes frémalysis | shows a
comparatively lower value for IAY than the otherotwchemes. This proves the
failure of enabling strategies in this scheme, eémghe conceptualization stage.

Chapter 4 presents Analysis Ill, a detailed evawatfrom the perspective of
beneficiary households with the support of inforimmatcollected from household
surveys and case studies, to find out the reasonghfs 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 démglthe functions and resources of
the state from the centre to the elected repretbeggaat the lower levels so as to
facilitate greater direct participation by citizeimsgovernance (Isaac, 2000). People’s
Planning Campaign (PPC), a process of democratierdealization launched in Kerala
in August 1996 with the aim to achieve sustainatéeelopment through people’s
participation in the planning and implementatioroqass, based on the belief that
people know what is good for them. It addressedlu& sectors of development
including housing and social welfare; identified/kesues, problems and solutions, and
prioritized the needs. In order to ensure transpareand participation without
compromising on the technical requirements of plagna sequence of phases, each
with distinctive objectives, central activities atrdining programmes was drawn up.
People’s planning campaign opened up possibildfesiore direct participation of the
masses in day-to-day governance. But unfortunatelyas discontinued after 2001
because of the change of government in Kerala.
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Appendix 3.2

Stakeholders in housing and Public Housing Deliverprocess in Kerala

International agencies (IA) generally have a limhifending, advisory and monitoring
role in shelter related development projects inidnd’he central government (CG,
Government of India) only overviews the state lepedgrammes, lays down policy
perspectives and builds up data system for theeentiuntry. The state government
finds out the funding for housing programmes in t8&ate through budgetary
allocations, Plan funds from the central governméaiting loans from international
agencies or from Housing Finance Institutions (HFI)

Public sector housing is basically the responsgybdif the state government. There are
more than twenty agencies engaged in governmerbrsémr housing the poor in
Kerala. Rural development department, Kerala Stat@perative Housing Federation,
Kerala State Co-operative Agricultural and Ruralv@&epment Bank and Nationalised
Banks are the major government departments in thusing sector other than Kerala
State Housing Board. The housing programmes ofsthge are implemented either
through these agencies or through the local govemumThe rural development
department of each district is engaged in the implgation of the schemes sponsored
by the central government (Centrally Sponsored ®else C.S.S) through the different
block panchayats (local government- LG). Other thamplementing the housing
programmes of central and state governments, poagrnments may also endeavour
housing programmes of their own with the assistanteénternational agencies or
housing finance institutions. The local governmemigy either provide the financial
assistance directly to the low-income householdsi)lor will be implementing the
housing schemes through the Nirmithi Kendras (BogdCenters) or through non-
governmental organizations (NGOs) or Community BaSgganizations (CBOs), or
with the assistance of private building companiB€)( The majority of the housing
programmes nowadays in Kerala are providing pafiti@ncial assistance to the poor
with the intension of creating a facilitative eroriment to provide houses by their own.
Low-income households with limited access to forsmirces of market-based housing
finance, approach local money lenders and othernmdl sectors for further housing
assistance and construct their houses mostly with help of local masons and
carpenters. Most recently, rural building centrB8C) were set up through out the
country for promoting appropriate technologies aagacity building at the grassroots
level for achieving affordable housing.

The role of different stakeholders involved in fivecess of public housing delivery in
Kerala from international agencies to the low inedneneficiaries are briefly explained
below.
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International Assistance (lA) - international agencies, except the World Bardd hare
influence in public policy or execution of large using programmes in India (Revi,
1990). The external assistance in housing has émmeGermany, Japan, Netherlands,
United Kingdom, United States, International Firarorporation, UNICEF, World
Bank and the Asian Development Bank (ADB). Germhay extended several lines of
credit to HUDCO and HDFC for low-income housing ectes and the establishment of
rural building centers throughout the country. Thated Kingdom has extended grant
assistance for habitat improvement projects incgigrs nationwide. Under its Housing
Guarantee Program, the United States Agency fernational Development (USAID)
began lending to HDFC in 1983 to help HDFC to expiés operations as the first
private sector housing finance organization in dndhithough ADB’s involvement in
India’s housing sector has been relatively redéig,now the major international lender
in the sector and plays a leading role in suppgrtine government’s policy and
institutional reform agenda. ADB'’s first loan foolsing to HDFC under the Karnataka
Urban Infrastructure Development Project was tadjédnding for low-income housing
and slum improvement schemes.

Central government (Government of India) - Ministry of Urban Development and
Ministry of Agriculture and Rural Development hathee responsibility for urban and
rural shelter activities of the countri.he role of the central government is restricted in
facilitating the housing development activities Ipyoviding financial assistance,
promoting research activities, furnishing infrasture facilities, creating favourable
environment and monitoring.

Sate government (Government of Kerala) - The Housing or Urban Development
Ministry and Ministry of Rural Development at thiate level are the co-coordinating
authorities in the area of both urban and ruraltsheespectively. Each of the state
governments has also created state-level housiagdbdHB) for this purpose. Other
than HB’s there are a number of state governmepard@ments to implement housing
schemes for specific occupational groups and ungiévileged sections. State
government is acting as a means of central govarhnie implementing the

development activities and establishing the positatmosphere. They also will be
providing financial assistance, promoting reseaactivities, furnishing infrastructure
facilities, creating favourable environment andafip implementing the schemes.

Local government - Corporations, Municipalities and panchayats ctutstithe local
government. They are the ultimate implementing ageaf many of the housing
programmes of the central and state governmentsy et the financial assistance
either directly from the State government or frdme tentral government through the
district rural development department.
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Rural development department - In each district there is a district rural devetgmt
agency (DRDA) for looking after the developmentidties connected with the rural
areas of that particular district. The housing sobe sponsored by the central
government implemented by local government arectiicethrough DRDA.

Research and Development activities (R&D) - All institutions, universities and research-
oriented agencies constitute this group. They aténg support from both CG, SG and
also from international agencies for research aewkldpment activities. Most of the
research works on housing is carried out eitheoutih government laboratories or
through academic institutions. Council for Sciaatiaind Industrial research (CSIR),
Central Building Research Institute (CBRI), StruetuEngineering Research Centre
(SERC), Forest Research Institute (FRI) are fevthef main government institutions
working in this field. A number of academic instians in the country also undertake
research work in shelter related areas.

Rural Building Centres (RBC) - The Ministry of Rural Development from 1st April
1999 has launched a Scheme facilitating the settmgf a network of Rural Building
Centres (RBC) through the length and breadth ofrtinal areas. These are centres for
promoting appropriate technologies and capacitydmg at the grassroots level for
achieving affordable housing. Technology transfet mformation dissemination, skill
up-gradation through training and production of tezféective and environmentally
friendly material components are the primary oljest of the setting up of rural
building centres. A rural building centre can bé ge by the State governments, rural
development agencies, credible non-government agions (NGO), private
entrepreneurs, professional associations, autonsnmstitutions and corporate bodies,
including public sector agencies provided that thaye the minimum requirements as
specified by the Central government (NHHP).

Housing Finance Institutions (HFI) - All housingndincing agencies such as the public
sector, banks and the private sector constitute ¢ginoup. Major housing financial
institutions in Kerala include Life Insurance Corgiion (LIC), Housing and Urban
Development Corporation (HUDCO), National HousinganB (NHB), Housing
Development Finance Corporation (HDFC) and natisedl banks. They provide long-
term housing loan to individuals and to housingreges for refinancing to individuals.
HUDCO is an influential financing agency with theaim aim of funding state
governments for infrastructure and development.C,LHousing Finance, GICHFL
(General Insurance Corporation Housing Finance teid)j PNBHFL (Punjab National
Housing Bank Housing Finance Limited, SBIHF (Sta&nk of India Housing Finance)
are also the major players in the public sectoma@dt all banks throughout India
provide housing finance. Among the private sectbiFg 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 aimsd
role in the provision of the housing finance of ldmcome households. Different
sources such as individual moneylenders, commudogged financial institutions (CFI),
non governmental organizations (NGOsjpall private banks and all local financing
agencies, which are easily accessible to them titatesthis group. With the exception
of government-sponsored housing programs, formaising finance institutions are
reluctant to lend to low-income households becafstactors such as the relatively
high transaction and service costs, irregular argiibstantiated income sources, and the
absence of collateral in the form of title to reabperty. Consequently, the remaining
funding requirements derive from informal sourckattlargely consist of individual
efforts with the help of CFIs, NGOs, employer fioarg, and moneylenders. Informal
sources contribute as much as 79 percent of tlaadin for new construction in urban
areas and 88 percent in rural areas (ADB, 2000).

Non-Governmental Organizations (NGOs) and community based organizations (CBOS)

- The roles of NGOs and CBOs in human settlemetitiaes are well recognized by
the National Housing and Habitat Policy (1998). yrhee actively involved in activities
like community development, building material resbaand also in implementing
government programmes. Most of the NGO’s at thesggraoots level are merely
assisting in the implementation of state policied arogrammes, and there fore enjoy
financial and/ or administrative support from vasopublic agencies. NGO directly
involved in shelter production process may alsovig® certain critical inputs such as
legal assistance, finance etc. to the community.

Building Companies (BC) - The engineers, architects, private builders] estate
developers and all the other private agencies wablin construction activities
including the formal sector builders constitutestigroup. The large contractors
undertake business for rich individuals, coopeestivprivate developers and public
agencies. Planning, design, organization of lalamar materials etc. are all organized by
these contractors. The small-scale contractorsatgers individuals or firms undertake
the whole building process besides providing sup&mw of construction work, and
architectural and engineering services. This iddhgest provider of housing among the
household sector, especially among the middle égttehincome groups.

Local builders (LB) - Local masons and carpenters including the in&rsector
constitute this group. Low- income households pudspend on the local masons and
contractors for their housing needs.

Low Income Households (LIH) - All the beneficiaries of the public housing setes and
the non- beneficiaries belonging to the economjcakaker section (EWS) constitute
this group of actors. They build their houses wlithir own labour, using the services of
friends and a few hired (skilled and unskilled) lers.
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4 PUBLIC HOUSING POLICY IN KERALA: EVALUATION
OF HOUSEHOLD SURVEYS AND CASE STUDIES

4.1 Introduction

This chapter presents an evaluation of the housihgation in Kerala based on
household surveys and case studies from the sélboigsing schemes. A comparative
analysis of the Kerala situation with examples frother parts of the world is also
presented in this chapter. The details on houseboldeys and case studies from
selected households are presented in section 4d2sttose the real situation of the
beneficiary households. This helps in understanttiegbottlenecks of poor households
on approaching the problem. Section 4.3 deals thi¢ghevaluation of household data
(Analysis I, section 3.3.2). The Statistical Pagk for Social Sciences (SPSS) is
employed at this stage of analysis to get a corspariof the different aspects of
sustainable-affordable housing in different housingemes from the perspective of the
beneficiaries, and to test their interrelationsasceived by the conceptual framework.
Section 4.4 presents a few examples of enablingfegfies from the UN-habitat’s
(United National Center for Human Settlements-UNGHSIobal Best Practice
database to have a comparative approach and twsethey have tackled the problems
of low income housing in similar contexts (UNCH®03). A discussion of the results
of the evaluation of the public initiatives in th@w income housing of Kerala with
respect to different aspects of sustainabilityrisspnted in section 4.5. Based on these
evaluations, strategies (section 4.6) are formdldte sustainable-affordable housing
developments in Kerala. Section 4.7 presents thelasions.

4.2 Household survey and case studies

The household survey was conducted among the lbéaréds of One Lakh Housing
Scheme (OLHS), Indira Awaas Yojana (IAY) and Tdtllusing Scheme (THS) from
Kollam and Alappuzha districts, during the montHs May and June 2005. The
selection of beneficiaries has been done on a rarzisis. Out of the total of fifty-six
households interviewed, eighteen were from OLHSNw from IAY and twenty-six
from THS. The surveys were conducted using a stradt questionnaire prepared on
the basis of the conceptual framework. The origwvmision of the questionnaire is
presented in Appendix 4.1 of this chapter. Thereewit3 main questions and a few
general questions (to help the interviewer to whiteremarks). Other than the specific
guestions regarding their personnel details andildebn the housing, most of the
questions were with multiple answers. The respondad the freedom for selecting the
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answer from the group or writing down his own reksaiTable 4.1 gives a structure of
the questionnaire. A scheme of analysis (Append® Aas also been prepared from
this questionnaire for each aspect of sustaingliiitsed on the “objectives hierarchy
model” (Fig. 2.9) of the conceptual framework ahd tjuestions are transformed into
measurable criteria.

Table 4.1 Structure of the household survey scleedndl purpose

Research questions addressed

Q: What is the real situation of households and howfar are the housing schemes successful in achiegirsustainable
development?

Q: Why does the housing problem of the EWS persish Kerala despite “active and effective” (accordingto official records)
state intervention?

Structure of Questionnaire

Purpose

Criteria

General information, regarding the general
details of the household such as their age,

The information collected from these
questions can be used to assesstoi-

Inequality and Stigmatization
Household size

marital status, job etc. cultural aspectsof the household, Adaptability
educational back- ground and profession
Economic status of the household This To assess the financial status or Housing condition

section deals with the questions concerning
the economic status of the household to
assess their income, savings, liability and

affordability of the households and henc
to determine the economic sustainability
the housing scheme.

Self- dependency
of Liability for housing
Savings and Assets

pattern of expenditure. Skills
Housing details— This section has got two | Details of previous housing are collected| Shelter needs
parts. The first part deals with the details of| to assess their social progress and Infrastructure

their previous house, its location, type and
the basic facilities they had. The second pal
consists of questions concerning the details
of the present house. It includes the details
the building process, technology adopted,
sources of funding.

Also there are questions concerning the
various measures adopted for conservation
resources and neighbourhood

improvement in life.

It Details of building process helps in
understanding theechnologyadopted. It
ofalso helps in assessing the feasibility and
awareness on innovative options and oth

resources including finance.

offo assess theuality of the surrounding
environment and various conservation
measures adopted to protect the
environment.

Accessibility to affordable
technological options.
Accessibility to resources
including easy finance.
erBeneficiary Participation.
Community/NGO'S
involvement.

Unhealthy surroundings.
Basic infrastructure facilities
like drinking water and
sanitation.

Waste management.

Needs, Aspirations , Plans- This final
section of questions is mainly concerned wi
the future plans of the household

To assess their preferences in technolog
ththeir attitude toward€EEF technology
and to assess their needs and aspiration
that has to be considered in formulating
housing schemes.

, Feasibility
Availability

CEEF technology

General remarks of the interviewer

To assess the overall situation of the
household and their lifestyle.
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A few outstanding cases are selected as case stirdim the household surveys for
further evaluation based on the criteria specitisdthe conceptual framework. The
succeeding section presents them in detail. Thigshim understanding the genuine
problems of beneficiary households from their owenspectives.

4.2.1  Case studies from One lakh housing scheme

Households from Thrikkadavoor panchayat (Kollamtridiy and from a One lakh
housing colony of Alappuzha district (North Punreagpanchayat-Ward 1l1l) were
randomly selected for interviews.

There were eighty-two OLHS beneficiary househotlistributed among four colonies
(Vettuvila, Neeravil, Melemangadu and Pandaruvitd) Thrikkadavoor Panchayat.
Eighteen selected households were interviewed géneral housing conditions of these
colonies were satisfactory with basic infrastruetdiacilities like provision of public
water supply, electric connection, motor-able roaglarness to schools, hospital and
worship places. But most of the houses were inataple conditions due to lack of
proper maintenance, requiring urgent attentionrapdir.

The households from the colony of Punnapra pandhagee selected with a special
intention. They were lucky to get an additionahbfiicial assistance of Rs. 40,000 (nearly
€ 800) for reconstructing their twin houses as pafelent dwellings. At the time of this
household survey during early May 2005, all thedasuin that colony were in a stage
of reconstruction. Three of the households wereriutwed. Even though these
households were happy with the additional finanagdistance for reconstruction, they
were complaining about the following things.

- most of the beneficiaries were forced to demolisé ¢éxtensions or renovations
they have added to the original OLHS houses irfehe that, if they do not accept
this assistance from the government, they may Ilett® receive further assistance
for renovating their houses in the future;

- they were not given enough time to make a planroanging the resources and
scheduling the works as they were given a shoitetb take decisions, and above
all;

- the financial assistance was not sufficient fomhlaémolition and reconstruction.

Among the interviewed households, few of the irgéng cases are presented below as
case studies from this scheme.
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Case studyl

Criteria for selection: The insignificance of sodaltural aspects in this housing
programme is clear from this case study. This stefls us that stigmatization and
inequality of houses is a major problem questiorting acceptability of a house even
though it has enough facilities to cater the preésereds.

Identification number 12 This family with a household size of four is fronettuvila
One Lakh housing colony. Even though the houselwldatisfied with the present
facilities of the house, the head of household wémtsell the property and buy another
house outside the colony because of the twin hdasgn and stigmatization of OLHS
houses. His father-in-law was the original benafigiof the scheme and was living in
this house since 1972 with his wife and three childHe was a beéedivorker for daily
wages and was happy with his house. They were aiaing the house regularly with
timely repairs and hence even after thirty-threargethe house is in better condition
compared to neighbouring houses. The present immbiinclude 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 goo@mple for poor significance to socio-
cultural aspects like lack of adaptability (houskhcsize, varying requirements),
increasing self-dependency of the household (Ecanaustainability) and shabby
surroundings (Environmental sustainability)

Identification number 14 - This is the case stuflyadamily of household size seven
from Neeravil One Lakh Housing colonyhey are living in that house since 1972.
Other than the old man, the head of household if@ligoeneficiary), his wife and
younger son; their elder son is also living in $aene house with his family of two kids.
Both of his sons are earning money through daiyla. One of them is a mason and
the other a coconut plucker. Their house has a deanp extension for a kitchen with
tar sheet roofing, thatched walls and bare flooringaddition to this, they have another
extension for cattle shed. They have a small $bopiny things (sweets, cigarettes etc)
in front of their house on the open veranda. Theising condition is very pathetic
with the shabby extensions and the poor surroundimgronment, with the cracks in
the walls, broken flooring and a leaking roof. Evbaugh the family has a comfortable
financial situation, without liabilities and wittosie savings in the bank; they are not at
all bothered to spend money for improving theirsgrg housing. At the same time they
are looking forward for further government supgorimprove their housing situation.

! Beedi is an indigenous cigarette in which tobasawlled in a tender leaf and tied
with a cotton thread.
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#R-

Figure 4.1 Basic facilities of OLHS house ofeatudy-2
Case study 3

Criteria for selection: This case study is an ex@npf the improper assistance of
Government without understanding the actual sitwratn the field and generalising the
problem (poor economic sustainability).

Identification number 1 - This is the story of ausehold from the OLHS colony of
Punnapra panchayat, Alappuzha district. They wignegl in their one lakh house since
1972. The head of the household had a regularoymmant at that time and was able to
cater the timely maintenance and repair works ferHouse. After eighteen years, in
1990, they renovated their house by adding one mmowen and providing additional
space to kitchen and living room. He could mees¢hexpenses by taking loans and
using the savings. They spent nearly an amounso8R,000 (€ 600) for renovations at
that time. But recently during February 2005 thagbeyat authorities further provided
them a grant (non refundable) of Rs. 40,000 (€ &0@)er an up-gradation scheme for
OLHS, for separating the twin houses as independems. The household was
thoroughly confused in receiving this funding agyttdo not have enough land to
reconstruct their house by detaching it from thd ohe without demolishing the
renovations. But finally, they were forced to adcéipis assistance in the fear of
receiving no more funds to separate their twin beus the future. The household is
now worried about the construction of their new $musince the present financial
support from the government is not enough for l@tmolition and reconstruction. Also
the head of household is afraid to take furthensom his old age, since he has no
regular income and suffering from ill health.

4.2.2  Case studies from Indira awaas yojana

IAY is a centrally sponsored scheme implemented imique manner through out the
whole state. IAY households from Thrikkadavoor, Rapra and Kanjikuzhy
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panchayats were interviewed. These houses wer@eéndently constructed by each
household according to their own requirements aadcé all of them were totally

different to each other. The beneficiaries themeldid the whole building process in
this scheme. They made their own arrangement éoctmstruction by engaging skilled
workmen along with contributing the family labourhus a sense of pride could be
noticed among the IAY households whereas this welsiig in the case of most of the
OLHS beneficiaries. Few of the interesting casdistuare presented below.

Case study 4

Criteria for selection:

- Poor economic sustainability (lack of feasibility dffordable housing finance and
poor basic shelter needs)

- Insignificance to socio-cultural and technologigpasts (lack of proper guidance
and awareness on cost-effective technological @ditves)

- Poor consideration on environmental issues (Envinental sustainability)

Figure 4.2 IAY houses from Murundal, Perinadull&o

IAY houses, Murundal, Perinadu, KollanThese six IAY houses are constructed on a
partially converted agricultural area in the Theklavoor panchayat, near to
Thamarappally Jayandi colony and at a distancébofial.5 km from Anchalummodu
junction. Two of them are occupied by the househiolimong the rest, one of the
houses is in the finishing stage with partial rogfiwhere as the other three are
completed up to lintel level only.

Identification Number 68 - This household had odedptheir unfinished house in
August 2004. The household size is four includimgadd couple and their young
daughters. This household got a financial assistaot Rs. 25,000 (€ 500) for
purchasing the house plot under a scheme for thedsdted castes from the Block
panchayat other than the housing assistance frofm $nce the costs of normal house
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plots were high, they bought cheap agriculturatland reclaimed it. But the present
condition of their house plot is so bad that tHeuse is floating in the middle of a
marshy land. The situation of their neighbours Isoanot different. The household

started with their building process in early 20Q& tould not finish the house till now.

Since they could not manage with the completiothefr house in the corresponding
financial year, they lost the privilege of gettitiee full financial assistance from IAY

scheme and could only receive the first three imstats. But they occupied the house
in 2004 after managing with the minimum essentailities. Even now, they are not
having the basic facilities like toilet, drinking ater and need to depend their
neighbours.

Identification number 67 - This household includisug old mother, her son, daughter-
in-law and her young daughter is living in a tenggrtent near to their unfinished I1AY
house for the last three years. They also got ithen€ial assistance for purchasing
house plot and have a similar story as their neighbBut they could not manage to
make their house to a liveable one and also firdiffiicult to repay the existing loans
they took for constructing the house. The matestdsed near their house site are also
getting ruined without being used.

Identification number 65 - This household was luakyinishing their house within the
stipulated time (one year) and hence could rectieefull privilege of the Scheme.
Along with their neighbours, they also received #sistance in 2002, but could
manage to occupy their house in 2003 April. Foreligping the plot and constructing
the house they were forced to take loans from feilending agencies at higher rates of
interest. Now, even after two years they are nt tbrepay a single penny towards the
capital because of the high interests. This houdelas only minor pending works for
their house. But they are seriously thinking ofisgltheir 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 solvehihiesing problem.

- Importance of general support and empowerment dtier financial assistance.

- Technological un-sustainability of the scheme; tedhgical innovations not
reaching to the poor people.

- Economic un-sustainability of housing programmesffiadities in getting
affordable housing finance.

IAY household from Kanjikuzhy - This household imding a mother and nine-year old
daughter got their house sanctioned under the 2008me, and could partially finish it
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into a liveable one in a period of four months. eSbst her husband unexpectedly
during this period and could not do the finishingris. According to her, the household
and their neighbours contributed most of the labaod never employed any labour
from outside. They had also taken a loan (Rs. Q),With higher rates of interest from
a private bank to meet the excess expenditure. Qualgventional methods of

construction were employed in the building procemsd 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 (IAY and OLHS)era uniform implementation

pattern and hence are unique throughout the ®atethe Total Housing Scheme was
implemented only in the three major districts of state, namely Thiruvananthapuram,
Kollam, and Thrissur. Household surveys were cotetb@mong the THS households
of Thrikkadavoor panchayat (Kollam). Some of theiteholds were from Sivodayam
colony, where the housing programme was implemetiieasugh Habitat technology

group, an organisation involved in cost-effectivengtruction techniques in the state.
The rest of the households constructed their hduseheir own way. The most

interesting finding of the household survey is tingither the households nor the
implementing agencies were successful in meetingarthe basic objectives of the

scheme. The households other than the inmatesvofi®yam colony constructed the
houses as in any other scheme like Mythri or IAYowsver, the households of
Sivodayam colony had a totally different experiencesome respects similar to the
provider approach of OLHS. The case studies expifereal situation.

Case study 6

Criteria for selection:

- Poor significance given to socio-cultural aspectshis housing programme.

- Lack of correlation between socio-cultural aspeetsd economic aspects in
housing leading to the increased dependency ofhtheseholds towards public
support.

- Failures in implementing new technology.

- Lack of basic facilities.

Sivodayam colony is located at a distance of a300t m from the Kadavoor junction
(Thevally-Anchalummodu road), behind the Governmiyirveda hospital. This is a
colony of scheduled caste households belonginchéovedar community of Hindu

religion. They are living in the same place sin®&@ At the time of this survey, there

* The Vedars are the most backward tribal communiterala
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were twelve households. Initially there were oréy thouseholds with each having a
land ownership of five cents (equivalent to 206).nThey were provided with free
houses in 1960 through Kudikidappukar housing se&hérantrally sponsored scheme).
Later in 1976 they could electrify their houseshwitte support from the panchayat. The
severe flooding in 1975-76 caused serious damag#seir houses. They approached
the authorities for repair and maintenance. Buy ttwuld only get nominal assistance.
Again after the flooding in 1986, the governmenthar supported the colony members
with a new housing assistance. The households merdéded with partial financial
assistance and food grains (Rs 6000 + 2 sacks ehtylas support for reconstructing
their houses. They were able to rebuild their Beusith this assistance and also by
utilizing the materials from the old house. Thetcend house was provided with the
facilities of two rooms, kitchen, toilet and a smalpen veranda. In 1999, the
households of Sivodayam colony again approachedp#imehayat for the financial
assistance for repairing their houses. But thig tihey were lucky enough to be blessed
with their new house -Third house from the Governtender Total Housing Scheme!

Figure 4.3 Basic infrastructure and surroundingv@éonment; Sivodayam Colony

The implementation of this housing scheme was stgduto the Habitat technology
group, an appropriate technology group in Keralabitat's role was that of a facilitator
between the local government and the beneficiaAsspart of the THS programme,
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training was given to engineers and masons and thene also involved in the

construction of these houses. But according tobeeficiary households they did not
receive any effective training in skilled jobs. élshey were not at all involved in

material selection or other construction activitéiser than unskilled jobs.

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

The colony members approached the panchayat fopletion of houses. And after

repeated requests, protests and picketing of dtid®rthe panchayat authorities were
forced to entrust the balance works to anotherraotdr. He managed to finish the

roofing of rest of the houses. Altogether the haidprocess continued for long four

years and at the end beneficiaries decided to gcthgir unfinished houses. Now their

houses can be said to be in liveable conditions ¢iveugh they do not have any front
and back doors and essential needs. Also thesehalasnot have electric connection
which, the beneficiaries had in their old housesese new houses are also without
sanitation and drainage facilities, the basic atrenivhich they had earlier.

Case study 7

Criteria for selection: This case study is a gosdmple for the

- Mismatch in the perceptions of government and liéiaef household

- Poor significance given to socio- cultural factanshousing; problems due to lack
of proper guidance and improper utilisation of rasces.

- Technological un-sustainability of housing sche@EEF technology not reaching
to the needy.

- Economic un-sustainability of housing programmeffjadities in the feasibility of
affordable housing finance.

- Poor infrastructure facilities.
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Identification Number 30 - The head of this househs an old lady. She is living
together with the families of her two sons and daelg The household size is ten
including four children. Even though there are ¢hearning members in that family,
their financial situation is not that better. Stwwk a housing loan for Rs. 70,000
(€1400) in the year 2002 from Kerala state housiogrd (KSHB) for the construction
of her house, but could not pay any of the instats®ther than the first. Considering
their poor financial situation, KSHB had exemptbérh from the penalty. Even with
these concessions, they find it very difficult tepay the money. She has already
invested an amount of Rs. 225,000 (€ 4500) for dhestruction of her house by
spending all their savings. Even after all thiseisiiment, the housing situation is also
not that good. They are living in that house foe thst three years. But till now the
house is not completely finished. It is only theusture of a three bed room house
having an area not less than seventy square métreg.are not even having the facility
of a bath room. Also they do not have any drinkivater facility and depend on the
public water tap at a distance of about 200 m ftheir house. Location of the house is
also not that satisfactory as they need to wallstadce 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 fieldarese
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Table 4.2 Field research observations and relétialifferent aspects of
sustainability
Sustainability One Lakh Housing Scheme (OLHS) Indira Awaas Total Housin References for
aspects Yojana (IAY) Scheme (THS) | remarks
Socio — cultural Twin houses (Flexiility); All" inhabitants Poor Case study-1
factors were dissatisfied in the twin house No community integration of
arrangement of houses due to privagyinvolvement amenitiesand | Case study-2
problems and other reasons. The common wall services
in the middle separating two houses is rotPoor integration of Case study-4
extended up to the ceiling. So the privacy jofamenities and services No community
the households was very much affected by the involvement
noises from the neighbouring house as well|as Case study-7
smoke and smell during cooking. They evgn
need the consent from their neighbours for
renovating the houses.
Less space to accommodate the household
#Adaptability). There was no enough spaﬁg
or the household members to sleep, childien
to study and to make prayer.
Increasing self dependency
Economic factors ] Financial assistance | Financial Case study-3
Poor concern on the basic shelter needs not sufficient All of assistance not | Case study-4
the household were | sufficient Case study-7
strongly arguing for
increasing the Inaccessibility
assistance. to resources
Improper utilisation of | including easy
resources finance
Technological Poor quality of materials, especially wood | Feasibility of Lack of proper | Case study-2
factors used for doors, windows and roofing technological guidance
innovations Case study-4
Even though IAY has | Inaccessibility
Puide lines to utilise | to affordable Case study-6
ocally available technological
materials and options Case study-5
technology, the Case study-7
beneficiary household
are not having any
know how or getting
any assistance for
using this.
Environmental Poor sanitation and drainage facilities Poor sanitationand Poor Case study-2
factors drainage facilities sanitationand | Case study-4
Improper land drainage Case study-7
management facilities
Poor Housing conditions Most of the houses Financial assistance Since the financial assistance from tH
Interviewer's were overcrowded with more than orlescheme was not sufficient for completing the house
remarks potential family. These houses were not able| tbeneficiaries were compelled to take some extelozis from
satisfy their ‘minimum shelter needs like private banks or individuals even though they nieegay high
sleeping space, cooking space and even mterests in return. Some of the interviewed fasilwere in
comfortable moving area and were [nheavy debt traps due to this.
unliveable conditions. Cracks developing nThe sanitary latrine and smokeless Chulas the integral [parts
the common central wall are a major problgmof IAY. But due to the lack of sufficient fundingnost of the
that could be noticed in almost all the housgsinterviewed households were not able to consthese.
Also the building materials used for the Technical assistance and general awarenedsaccessibility to
houses, especially the wood used for the dodrspnovative technological options was major problamong the
windows and roof trusses were in sevdrehouseholds. The local masons can easily influemee goor
deteriorating stages. beneficiaries. Since the beneficiaries are not ignany proper
Sanitation and Drainage All the colonies | idea regarding the area of the house, the materajsired and
were hav.in? very bad sanitation facilities Wijh also the total cost; there are chances of misgeilamd failure
unhyglenlc atrines and toilets. No facility was of programme.
provided for the drainage and wasieMinimum land ownership criteria of 1AY is a barrier to the
management. oor landless households
oor sanitation and toilets —Beneficiaries are only giving
secondary importance to these facilities and lopKor further
support from the government.
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4.3 Analysis Il (From the perspective of households)

This section presents an evaluation of the diffeaspects of sustainable-affordable
housing in the selected housing schemes from thgpeetive of the households. The
information collected from the household surveyswmluated with the help of the
Statistical Package for Social Sciences (SPSS)SSP% software package used for
conducting statistical analysis, manipulating datad generating tables and graphs that
summarize data. SPSS-Version Xll is used in thidyesis.

This analysis helps in comparing the sustainabé#pects of selected housing schemes,
their interrelations (Fig. 2.3), and in identifyitgose factors which contribute to the
development of sustainable-affordable housing. $tileeme of analysis presented in
Appendix Il has been employed for comparing thetanability of selected housing
programmes, based on different criteria as spechiethe conceptual framework. This
analysis has been carried out to achieve the fatipwbjectives.

1. To compare different aspects of sustainability leetvthe schemes.
2. To assess the correlation between different swusidity aspects.
3. To compare the total sustainability among the $eteschemes.

4.3.1  Comparison of different aspects of sustainabil#gyween the schemes

The T-test used in this analysis helps to compéferent aspects of sustainability on
the corresponding housing schemes. The T-valuedch aspect is calculated as the
ratio of the difference between the correspondimgms of two selected schemes to the
square root of the sum of the variance of the twaugs. When the T-value is larger
than the critical value, the result is consideredbe significant. A level of 5%
significance is adopted for this analysis to ensumhance of 95% on the reliability of
the results.

The T-test can compare only two housing schemes tiine. Since we have three
schemes, the comparison has been done through dtages. Tables 4.3, 4.4 and 4.5
present the significance of different aspects stanability between OLHS and IAY,
OLHS and THS, IAY and THS, respectively.

Between OLHS and IAY, a significant variation (Fig4 and Fig. 4.2) can be seen only
in the aspects of economic sustainability (2.43%61, significance 0.021<0.05) and
environmental sustainability (2.350>1.753, sigrifice 0.034<0.05). The accessibility
of the households to their basic shelter needs waugh depends on the economic
sustainability of that particular housing schembe Tase studies of IAY households
(case study No.4) point towards the economic umaguebility of this scheme. Even

after availing the so-called facilitative environmbiérom the Government and owing an
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additional financial burden, the households werealile to satisfy their basic shelter
needs. However, in the case of OLHS the benefidmyseholds were able to meet
these basic needs as the houses were providectlgotlernment for free of cost. The
provider approach of OLHS helped in ensuring theimim basic infrastructure

facilities to the households. These can be couatedhe reasons for the significant
variations in economic as well as environmentatanability for both these schemes.
However the other two aspects of sustainabilitynelg socio-cultural sustainability

and technological sustainability (Fig. 4.4 and Fg), do not show much variation
between these two schemes.

Table 4.4 Significance of different aspects of amstbility between OLHS and
THS
Sustainability aspects T value Critical Significance of ‘T’ value between

value of T | the schemes (5% level is indicated
by a value less than 0.05)

Socio-cultural sustainability
(SCS) 1.631 1.684 0.110
Economic sustainability (ECS)

0.052 1.684 0.959
Technological sustainability
(TCS) 0.368 1.684 0.715
Environmental sustainability
(ENVS) 3.485 1.684 0.001
Total Sustainability

0.650 1.684 0.519

Table 4.4 shows the results of the T-test for caipgathe different sustainability
aspects between OLHS and THS. Only the values Meir@anmental sustainability
(3.485>1.684, significance 0.034<0.05) showed aifiignt variation between these
two schemes.

Table 4.5 Significance of different aspects of austbility between IAY and
THS
Sustainability aspects T value Critical Significance of ‘T’ value between the

value of T | schemes (5% level is indicated by a
value less than 0.05)

Socio-cultural sustainability

(SCS) 1,461 1.697 0.153
Economic sustainability

(ECS) 2,168 1.697 0.037
Technological sustainability

(1CS) 0,335 1.697 0.740
Environmental sustainability

(ENVS) 0,179 1.697 0.859

Total Sustainability

0,707 1.697 0.484
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Comparison of sustainability aspects between |IAY &RlS show significant variation
only in the case of economic sustainability (Ta#l&). The case study (No. 6) of
households from Sivodayam colony (THS) is somevdiailar to the case of OLHS
households with regard to the aspect of economatamability. The variation of
different aspects of sustainability between theeswés is also clear from Fig. 4.1 to Fig.
4.4,
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Figure 4.1 Socio-cultural sustainability
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Figure 4.2 Economic sustainability
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Figure 4.4 Environmental sustainability
A significant variation can be seen only in theecaf environmental sustainability and
economic sustainability (Fig. 4.4 and Fig. 4.2)westn the selected schemes. However,

the other two aspects of sustainability, sociotalt sustainability and technological
sustainability do not show much variation betwdegchemes (Fig. 4.1 and Fig. 4.3).

4.3.2  Correlation between different aspects of sustailitglwithin the schemes

According to the concepts of sustainable-afforddimesing (Fig. 2.3, Chapter 2), all
the four aspects of sustainability should be cateel to each other. The strength of the
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correlation between the aspects is considered aspmortant factor on the sustainability
of housing schemes.

A correlation analysis has been performed to gfiartie strength of association

between the different aspects of sustainabilitye Prearson's correlation (r) is used to
find the degree of linear relationship between twariables. It can have a value

anywhere between -1 and 1. The value for r = On@0cprrelation) implies that there is

no relationship between the two variables adddé indicates strong correlation. The
larger the absolute value of r, the associationsife or negative) between the

variables is considered as stronger. Generallyetadion above 0.80 is considered high.
Different colours are used here to indicate thergfth of correlation between variables.
The interrelation between different aspects ofanability within each scheme can be
assessed from this analysis.

Table 4.6 Significance of correlation betweenetiht aspects of sustainability
within OLHS
Aspects Socio-cultural Economic Technological | Environmental
of sustainability Sustainability Sustainability sustainability Total
sustainability SCS ECS TCS ENVS sustainability
r S r S r S r S r S
e
SCS - 0.524 | 0.026 | 0.197 | 0.433 | 0.476 | 0.046 | 0.652 0.003
ECS 0.524 | 0.026 - 0.646 [ 0.044 | 0.658 [ 0.003 0.000
/
TCS 0.197 | 0.433 | 0.646 | 0.004 - 0.557 | 0.016 [ 0.759 0.000
ENVS 0.476 | 0.046 | 0.658 [ 0.003 | 0.557 | 0.016 - 0.000
Total sustainability | 0.652 | 0.003 0.000 | 0.759 [ 0.000 0.000

‘r' refers to Pearson's correlation and ‘s’ refets significance.

B Strong correlation, r value above 0.80 8] Good correlation, r value between 0.6
and 0.80,
[ ] Poor correlation, r value less than 0.60

It can be seen that the total sustainability of @ree Lakh housing scheme has rather
higher significance to economic and environmenspleats than the other two aspects.
This can be attributed to the provider approacthisfscheme in ensuring the minimum
housing needs (through free houses) and basicstnidure facilities. However the
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socio-cultural sustainability has the lowest catieh to the total sustainability

(significance-0.003 and r-0.652) of this schemes Tidicates the low acceptability of

this housing programme (with regard to socio-caltaspects) among the users. The
case studies (No.1 and 2) of households from Vigtand Neeravil housing colony are

examples to explain this. The stigmatization of (3_Houses in the first case and
factors like increased dependency to governmenpati@and less adaptability of the

type design in the second case has contributedhénldwest significance of socio-

cultural sustainability in the total sustainabilidf/this scheme.

Relation between the sustainability aspects widlitlS

- The poor correlation of socio-cultural sustainabilivith economic sustainability
(significance-0.026, r-0.524) and environmentaltangbility (significance-0.046,
r-0.476) gives an indication of the poor living ditions of the households and lack
of basic infrastructure facilities (a criterion fanvironmental sustainability).
Different case studies of OLHS support these figgin

- Economic sustainability of One Lakh housing schéme significant correlation to
technologic sustainability (significance-0.044, .646) and environmental
sustainability (significance- 0.003, r-0.658). Tiheignificant correlation between
technologic sustainability and socio-cultural sumhility (significance-0.433, r-
0.197) indicates the poor involvement of househaldbe building process and the
significant correlation between technologic andreguic sustainability indicates
the role of the affordability of the household iraimtaining the sustainability of
building process.

Indira Awaas Yojana (IAY)

Table 4.7 gives the significance of correlationmain different aspects of sustainability
within IAY. The socio-cultural sustainability ohis scheme has only very little
significance in the total sustainability indicatitige poor acceptance of this scheme.
Similar to OLHS, economic sustainability is the mmdluential aspect in this scheme.
In IAY also there is no correlation between teclogét sustainability and socio-cultural
sustainability.

Relation between the sustainability aspects witAri

- Socio-cultural sustainability is only related tovennmental sustainability. The
significant correlation of socio-cultural sustaiildp with environmental
sustainability (significance-0.010 and r-0.708) icades fulfilment of the basic
infrastructure facilities. Also the poor correlatiof environmental sustainability
and economic sustainability (significance - 0.04# a- 0.592) indicates the role of
the economic capacity of the households in progdime basic infrastructure. At
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the same time there is no correlation between sudioral sustainability and
economic sustainability (significance-0.142 and.@6d). This shows the poor
affordability of the housing schemes especiallprioviding the basic shelter needs.

- Economic sustainability of this scheme has cori@iatto all the other aspects of
sustainability except socio-cultural sustainabiliffhe case study (No. 4) of
households from Murundal is an example to this @mdicates the failure of
enabling strategies in this scheme. This also shthesdominant role of the
affordability of households in providing basic hings facilities over the policy
initiatives. The insignificant correlation betwedine socio-cultural factors and
technology (significance-0.457 and r-0.238) revetils lesser feasibility and
awareness of the households on innovative techimalbg@ptions. Hence the
correlation between economic sustainability andhretogic sustainability
(significance-0.001 and r-0.845) indicates the depace of technological
sustainability on the purchasing power of the hbotds.

Table 4.7  Significance of correlation between défe aspects of sustainability

within 1AY
Socio-cultural Economic Technological | Environmental

Aspects sustainability Sustainability Sustainability sustainability Total

of SCS ECS TCS ENVS sustainability
Sustainability r s r s r s r S r S
SCS 0.142 | 0.661 | 0.238 | 0.457 | 0.708 | 0.010 | 0.544 | 0.067
ECS 0.142 | 0.661 [R:Z:m 0.001 | 0.592 | 0.042 0.000
TCS 0.238 | 0.457 [ORZS 0.001 0.532 | 0.075 0.000
ENVS 0.708 | 0.010 | 0.592 [ 0.042 | 0.532 [ 0.075 0.000

0.000

Total
sustainability | 0544 | 0.067 kL o.ooo o.ooo

Total Housing scheme (THS)

In THS, all the sustainability aspects except tetbgical sustainability have significant
influence on the total sustainability. Their stréngaries in the order of ECS >ENVS
>SCS>TCS. Unlike the other schemes, socio-cultsadtainability has a better
significance (r -0.728) in the total sustainability THS. This can be explained by the
comparatively better acceptance of Total HousinhpeS® compared to the other
schemes. Case study (No. 7) of THS household revealdifficulties of the household
in accessing finance, feasible technological ogtiand problems due to the lack of
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proper guidance. These factors lead to the laatooklation between different aspects
of sustainability and also to the un-sustainabiityhis scheme.

Relation between the sustainability aspects wilitits

- The poor correlation of socio-cultural sustainapiliwith environmental
sustainability  (significance-0.094, r-0.448) and omamic sustainability
(significance-0.125 and r-0.414) indicates the laifkthe basic infrastructure
facilities poor affordability of this housing schenilrhe insignificant correlation of
environmental sustainability with economic susthiliy (significance-0.075, r-
0.473) also shows the importance of the affordgbibf the households in
providing the basic shelter needs. Case study {oof THS household is an
example for the economic un-sustainability of tlsisheme and explains the
insignificance of socio-cultural sustainability tvéconomic sustainability.

- The insignificance of correlation between technalabsustainability with socio-
cultural sustainability (significance-0.275, r-013G@eveals the lesser feasibility and
awareness of the households on innovative techiwalogptions and proves the
lesser affordability of technological options. Thesignificant correlation of
technological sustainability with environmental tsiigability indicates limited
utilization of environmentally friendly technologyy the building process of THS.

Table 4.8 Significance of correlation betweenati#ht aspects of sustainability

within THS

Socio-cultural Economic Technological Environmental
Aspects sustainability Sustainability Sustainability sustainability Total
of SCS ECS TCS ENVS sustainability
sustainability

r S r S r S r S r S
SCS 0.414 | 0.125 | 0.301 | 0.275 | 0.448 | 0.094 | 0.728 | 0.002
ECS 0.414 | 0.125 0.247 | 0.374 | 0.473 | 0.075 pEeR:Zx@ 0.000
TCS 0.301 | 0.275 | 0.247 | 0.374 0.243 | 0.383 | 0.501 | 0.057
ENVS 0.448 | 0.094 | 0.473 | 0.075 | 0.243 | 0.383 0.750 | 0.001
Total 0.728 | 0.002 puexZX@ 0.000 | 0.501 | 0.057 | 0.750 | 0.001
sustainability

4.3.3  Correlation between different aspects of sustailitgtidetween the schemes

Table 4.9 shows the significance of correlationsvieen different sustainability aspects
between the selected schemes.
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Table 4.9 Significance of correlation between défe aspects of sustainability
between the schemes

Socio-cultural Economic Technological Environmental
Aspects sustainability Sustainability Sustainability sustainability Total
of SCS ECS TCS ENVS sustainability
Sustainability r s r s r S r s r S
SCS 0.320 | 0.032 | 0.201 | 0.187 | 0.505 | 0.000 | 0.620 0.000
ECS 0.320 | 0.032 0.596 | 0.000 | 0.354 | 0.017 [eRky 0.000
TCS 0.201 | 0.187 | 0.596 | 0.000 0.396 | 0.007 | 0.747 0.000
ENVS 0.505 | 0.000 | 0.354 | 0.017 | 0.396 | 0.007 0.737 0.000
Total 0.620 | 0.000 peXxv@ 0.000 [ 0.747 | 0.000 [ 0.737 | 0.000
sustainability

Among the different aspects, socio-cultural susthility has the lowest and economic
sustainability has the strongest significance gnttital sustainability of these schemes.
The influence of different aspects of sustainabitin total sustainability varies in the

order of ECS > TCS > ENVS > SCS.

Relation between the sustainability aspects betwleeschemes

- The insignificance in correlation of socio-cultusaistainability with environmental
sustainability (significance-0.000 and r-0.505) eggv an indication of the
insufficient basic infrastructure facilities.

- Socio-cultural sustainability has correlations tdl #e other aspects of
sustainability (though not strong) except technimalgsustainability. Case study of
IAY households (No. 4) and THS households couldsbggested as examples to
explain this. However, all other aspects are sicguittly correlated to one another.
The insignificance of this correlation between tkecio-cultural factors and
technology (significance-0.187 and r-0.201) revetils lesser feasibility and
unawareness of the households on innovative teogiwal options. At the same
time, there is a significant correlation betweeroremmic sustainability and
technologic sustainability (significance-0.000 an@.596). This indicates the
influence of the economic capacity of the househalder the policy initiatives in
accessing different technological options.

- The highest significance of economic sustainabdityl least significance of socio-
cultural sustainability in the total sustainability these schemes also verify the
excessive dependence of housing schemes on thdatftity of the household.
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4.3.4  Comparison of total sustainability among the scheme

The total sustainability of different schemes ikugkated as the sum of the four aspects
of sustainability and their mean values are takencbmparison. A comparison of the
results of A I, A Il (refer section 3.3.2) and Al kBan be seen in fig. 4.5. The total
sustainability values of the schemes from the vi@mis of governments (Al,
represented by white columns in the figure) showlemr upward trend towards the
concept of sustainable-affordable housing.

100

ODAImAI oAl
80 ~

60 -

(%)

40 -

Total sustainabill

20 ~

0

OLHS IAY THS

Housing schemes

Figure 4.5 Comparison of total sustainability@ne Lakh Housing Scheme (OLHS),
Indira Awas Yojana (IAY) and Total Housing SchemidS) from the perspective of
government (Al), perspective of an observer (Ahg drom the perspectives of the
households (Alll)

However, the evaluation based on the observer'spgetive (All, represented by black
columns in the figure) and the beneficiaries’ viewp (Alll, represented by grey
columns in the figure), present nearly invariargutes, and very different as compared
to the perspective of the government, with muchelowalues of sustainability and also
with only small variations between the three scheme

4.3.5 Conclusions from the statistical analysis

The evaluation of public housing schemes in Kematénts towards the failure of

implementation strategies, because of the lacktefjration of the four main aspects of
sustainable-affordable housing, namely socio-caltueconomic, technological, and
environment factors. The SPSS analysis of the eleschemes leads to the following
conclusions:
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- The socio-cultural sustainability of housing pragraes always showed an
insignificant role in the total sustainability. Bhindicates the poor acceptance of
these housing programmes among the users.

- The economic factors of housing schemes in allcges had a vital role in the
total sustainability of the schemes than compaoedther aspects. This shows the
importance of both the affordability of the houskehas well as the housing
schemes in sustainable housing development.

- The evaluation of different housing programmes aé/¢he excessive dependence
of the sustainability of housing programmes on #wonomic status of the
households (to afford and maintain the houses) @werpolicy initiatives of the
government. This confirms the failure of enablintategies and shows the poor
correlation between socio-cultural factors and eocain factors in housing.

- The low correlation between socio-cultural susthility and technological
sustainability in the selected housing schemediegrihe un-sustainability of the
present building process in Kerala. It points ta¥garthe ignorance of the
households on the building process, the propeizatibn of resources, and their
difficulties in accessing innovative technology.

- The comparatively lower significant role of techmgical factors in the total
sustainability of schemes reveals the failure obirative technological options in
making housing affordable.

- The technological sustainability in all the casesl la strong correlation with
economic sustainability. This indicates the impoce of the affordability of
technological options.

4.4 Examples of housing programmes from other countries

This section presents three examples of enabliagegiies taken from the Global Best
Practise data base of the United Nations Center Haoman Settlements. This

comparative perspective of housing strategies ligfliein evaluating the case studies
and in formulating effective implementation stragésg However, affordable housing

solutions should be based on region-specific amhes and requirements, these
strategies cannot be replicated as such.

4.4.1 The People’s Housing Process (PHP), South Africap@tment of Housing,
South Africa, 2003, 2004, 2005 )

The People's Housing Process (PHP) in South Afrcsabeen initiated to assist people
who are poor and homeless or inadequately houdedrafionale for the policy is based
on a growing awareness that the majority of homitsinvSouth Africa, as well as in

other developing countries, were built by the peogiiemselves. On this basis, the
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government concluded that the activities of peoplehousing themselves deserve
formal recognition and concrete support from tregest The objective of the project is
to develop support mechanisms for building capaattyll levels to enable people to
address their own housing needs. The policy aomsupport the poorest of the poor
families who usually only have access to housingsglies and who wish to enhance
their subsidies by building or organizing the bimtg of their homes themselves.
Usually these families cannot access credit orractate significant savings to enhance
their subsidies. The People's Housing Process sigppbe creation of Support
Organizations to secure subsidies, to provide lamdbuild, to provide technical,
financial, logistical and administrative supportth® beneficiaries (envisaged through
Housing Support Centres). The People’s Housing neestip Trust (PHPT) is
established by the South African government to eupiive People’s Housing Process
through capacity building and engaging with natlpnarovincial and local
governments, and civil society. Since its inceptiBRIPT has been able to train people
in construction skills, housing design and safedytrain community facilitators; and to
establish project implementation systems and hgusimpport centres. At national
government level a joint United Nations Developmeragramme (UNDP) and United
Nations Centre for Human Settlements (UNCHS) ptogessists the People's Housing
Partnership Trust which is to drive the support gpasnme to the Support
Organizations.

Examples from People’'s Housing Process

Cape Town PHP (UNCHS, 2004)

The Development Action Group’s (DAG’s) People’s Kdmg Process consisted of
three housing consolidation projects formed by dbmmunities living in these areas.
The projects: Masithembane, Homeless and Squadieusing Project (HOSHOP) and
Sinako Ukuzenzele were initiated in 1997 and im@etaed in 1999-2002. DAG
provided technical advice and support to commuuwitganizations and training to
community members. Partnerships between the Peopleusing Partnership Trust
(PHPT), the Western Cape Provincial Housing Devalempt Board, and the Tygerberg
Administration within the City of Cape Town togethwith the community-based
organizations were the key to successful implentimtaf the projects. A total of 638
houses were built and occupants took part in tngimind capacity building workshops.
Over seventy people were employed as builders énpttojects and another twelve
people were employed in the three housing suppmrtecs. Material suppliers in the
low cost housing market have subsequently emplog@ehmunity members who
worked in the support centers. Approximately twepépple (Housing support centre
staff and committee members) received ten daysifigsion the management of housing
projects followed by ten days of practical condfiarctraining. In addition, ten builders
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in the HOSHOP project and thirty builders in the dilaembane project received in-
depth on-site construction skills training overeasipd of a few months.

According to UNCHS report, this program fully meete basic criteria of impact,
partnership and sustainability as well as the &afdit considerations of leadership and
community empowerment, gender equality and son@llusion, and innovation within
local context and transferability.

Thabong PHRStewart et al., 1999)

The New Housing Company was responsible for theldmpntation of the project.
They came into agreement with other stakeholdeth sis (i) the Provincial Housing
Board (PHB) for the funding, (ii) a firm of quantisurveyors, for verifying the delivery
of materials and administering the accounts, diipaterial supplier for on-site delivery
of materials, (iv) a community representative cottesi (steering committee) for the
interaction with the beneficiaries, (v) the Basimfloyment Skills Training (BEST)
project for the rendering of technical advice d&wid each beneficiary as the private
client for the completion of application forms atite placing of orders. A steering
committee was also established and had communjbyesentation from political
parties, community organizations, churches, buse®s women and youth
organizations, and the health and education frityeRegular meetings were held with
the steering committee to report on the progressema@his was also the forum where
minor practical, political and administrative prebils were discussed and usually
resolved.

According to Stewart et al. (1999), the diversifydesign and assumed quality of life as
opposed to the monotony and uninviting lifestylejected by mass housing projects,
stand out as a key feature of Thabong people’sihgysrocess. Table 4.10 gives a
quick review of the different strategies adoptedttie People’s Housing Process of
South Africa for sustainable housing development.
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Table 4.10 Sustainability Analysis: People’s Hogdirocess (PHP), South
Africa
Sustainability Aspects Strategies

Socio-cultural Factors

Beneficiaries were given freedom of choice for theiuses from a list of housing packages to suit

Adaptability their requirements (e.g.: Thabong PHP)

Equality The diversity of design as opposed to the commatufe of mass housing projects was a positive
factor in Thabong PHP

Beneficiary participation People built houses feerhselves

Community participation The People’s Housing Partnership Trust (PHPT) éstedd by the South African government

supported the People’s Housing Process througtcitgdauilding and engaging with national,
provincial and local governments, and civil society

Integration of amenities

No specific information thiis criteria

Economic factors

Pre-requisites

Housing support organizations are meant to ensure:

securing housing subsidies for the families

Facilitating the acquisition of land on the badisecure tenure; and

Providing technical, financial, logistical and adistrative support regarding the
building of their homes.

This policy aims in supporting the poorest of tiepfamilies who usually only have access to

Affordability housing subsidies and who wish to enhance thesidigs by building or organizing the building of
their homes by themselves.
The People’s Housing Partnership Trust (PHPT) sttpfdhe People’s Housing Process through
capacity building by training people in construatigkills, housing design and safety etc.

Shelter needs No specific information on this criteria

Technological Factors

Technical support was ensured and innovative tdoyavas made feasible with the help of supp
organizations

Environmental Factors

No specific information on this criteria

4.4.2
1998)

=1

The Grameen Bank (GB) low-cost housing programnaegBdesh (Ahmed,

The Grameen Bank concept was originated in 197&eaognizing that it is poor
people's lack of access to capital rather tham tizgdacity to repay that perpetuates their
poverty. This project started with the provision agdit facilities to the rural poor
without formal collateral, with the intension ofeeating a stable income through income
generating activities and protecting them from élxploitation of money lenders. The
basic concept is to form groups of five members kahs disbursed through peer
guarantee. The formation of the groups - the kay iarthis credit programme - is the



Public Housing Policy in Kerala: Evaluation of hai®ld surveys and case studie€3b

first necessary step to receive credit. Loans @itelly made to two individuals in the

group, who are then under pressure from the refteomembers to repay in good time.
If the borrowers default, the other members ofghmup may forfeit their chance of a
loan. The loan repayment is in weekly installmespsead over a year and simple
interest of 20% is charged once at the year end. ciflateral system of peer support
means that families help each other out with payménnecessary to ensure that all
repayments are made on time. This project was etfiéetive in terms of loan recovery,
proved successful and was institutionalized asat@meen Bank in 1983.

The Bank extended its support to house-buildind 984, by acknowledging that the
diminishing supply of building materials, their sging prices, and the beneficiaries’
inability in raising the substantially high capitir housing as the main stumbling
blocks of the poor in housing themselves. The hdaeses are available only to existing
Grameen Bank borrowers who have a hundred perepayment record and who have
completely repaid their first two loans for incomeneration activities. The loans have
to be repaid over a period of five years in wedkistallments with an interest rate of
eight percent. Together with the housing loanshdmmrower receives also some pre-
cast building components. The structural systebaged on a standard module, and the
pre-cast building materials are mass producediffand made available to the self-
helpers at low prices.

The Grameen Bank has developed two standard hasignd. However, the houses
vary in appearance throughout the country evenghotlney have the same basic
structural components. There are four reinforcettoete pillars on brick foundations at
the corners of the house and six intermediary bandyoconcrete posts, with bamboo
tie beams, wooden rafters and purlins supportimgugated iron roofing sheets. This
provides stability in the flood and strong monsednd, and protection from the heavy
rain during the monsoon season. In cases of sefleoeling the house can be
dismantled and the components stored and reasséfaitde. A sanitary latrine is also
proposed with each house. Families can build thesé® themselves, with the help of
friends and neighbours. Local skilled carpentensycaut the roof construction for

many families. Loans are also available to purchhsmestead land for landless
households.

Table 4.11 presents an overview of the strategiptad in Grameen Bank Housing
Programme with respect to different aspects ofasnable-affordable housing.
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Table 4.11  Sustainability Analysis: Grameen B&wokv-Cost Housing Programme,

Bangladesh
Sustainability Aspects Strategies
Socio-cultural Factors The Grameen Bank has developed two standard hessgng. But the houses varied in
Adaptability appearance throughout the country even thoughttheg the same basic structural
Equality components
Beneficiary participation Families built housesrttselves with the help of friends and neighbours.
Community participation Community participation was ensured through grauing approach and mutual help
Integration of amenities No specific information thiis criteria
Economic factors Loans were made available to purchase homestedddafandless households.

Provided credit facilities to the rural poor witlidermal collateral with the intension o

Pre-requisites creating a stable income through income generatitigities and protecting them from the

exploitation of money lenders.

The housing loans were available only to existingr@een Bank borrowers who have a
Affordability 100 per cent repayment record and have completelyid their first two loans for income
generation activities.

Shelter needs No specific information on this criteria

Technological Pre-cast building materials were mass produceditffand made available to the self-
Factors helpers at low prices.

Environmental No specific information on this criteria

Factors

4.4.3  Million Houses Programme (MHP), Sri Lanka (LanKeke, 1986)

In 1985 the Government of Sri Lanka launched thdidhi Houses Programme, the
objective of which was to provide basic shelter the entire population by 1989.
Through this programme, the Government changed tb& to an enabler in housing
development and encouraged low income househol@stim urban and rural areas to
build their houses and settlements by providingistessce to resolve land tenure
problems, to obtain housing loans at low interestes and to provide basic
environmental services such as water, sanitati@eess to roads, electricity and
community centres. A variety of loan packages waesgle available depending on the
needs of the household and their ability to makayeents.

The National Housing Development Authority (NHDA)asv responsible for the
implementation of both urban and rural sub-prograsmnThe approach was evidently
characterized by community participation throughl#img strategies. The Community
Action Plan and Management approach (CAP) seesl@aspthe main resource for
development rather than as an object of the dewsdap efforts or as mere recipients of
benefits. The role of the Government through thaidwal Housing Development
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Authority and the Urban Local Authorities is to papt this process whenever
necessary. A Community Development Council (CDCY @ be established in the
beginning with the involvement of urban and ruraldincome settlements. These
councils are considered to have a central rolehi& ¢ommunity action planning
approach. They were supposed to act as intermedibdgtween the population of low-
income settlements and the external agenciesubatiicg the needs and the problems
felt by residents to the external organizationkin@ decisions, formulating plans,
executing projects and monitoring the implementatid a multitude of undertakings.
Technical and financial assistance were given leyWNICEF under its Urban Basic
Services Program (UBSP) through the CMC and the NHDnited State Agency for
Intentional Development (USAID) supported the NHE» housing loan program.

Table 4.12 Sustainability Analysis: Million HasProgramme, Sri Lanka

Sustainability Aspects Strategies

Socio-cultural Factors No specific information on this criteria

Adaptability

Equality No specific information on this criteria

Beneficiary participation People built their ownuses.

Community participation A Community Development Council (CDC) was estatgiwith the involvement of urban

and rural low-income settlements. These councilewsepposed to act as intermediaries
between the population of low-income settlementstae external agencies, articulating the
needs and the problems felt by residents to thereat organizations, taking decisions,

formulating plans, executing projects and monitgrine implementation of a multitude of

undertakings.
Integration of amenities Social infrastructure vdentified through issue specific workshops anbjted solutions
Economic factors A variety of loan packages were made available dejpg on the needs of the househdid
Pre-requisites and their ability to make repayments
Affordability No specific information on this criteria
Shelter needs No specific information on this criteria
Technological Factors Technical assistance was provided in the buildirg@ss
Environmental Basic infrastructure facilities were ensured.

Factors

The CAP method consists of a structured seriesaokstops organized for community
members who have expressed interests in improviagy shanty settlement. At such
workshops, community members interact as partnetis the staff of the National
Housing Development Authority, the local authorignd the non-governmental
organizations. They discuss the problems of the nconity, identify solutions and
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formulate plans of action. The community takes oasbility for implementing these
action plans in collaboration with the NHDA and @thorganizations, and for
maintaining and managing the built environmentraftee completion of the project.
Normally, an initial two-day workshop is held atcammunity centre within the
settlement, for (about 30) representatives of tbmrounity, to identify their socio-
economic and physical issues and plan strategi¢actde. These were followed by a
variety of one or half-day issue-specific workshogepending upon the needs of the
community and the stage of implementation. Exampfdssue-specific workshops are
planning principles and technical guidelines, comityubuilding guidelines and rules
orientation to housing information services. Acéogdto Lankatilleke (1986), official
from National Housing Development Authority, theperence of two years of
implementation of the MHP, clearly demonstratedt thais a generative process;
generative in the form of strategy developmentnpiag techniques, operation,
consciousness raising and most importantly in legtnThe self-realization of the
potentials inherent in the actors leads to a glegtee of satisfaction and also to self-
confidence.According to UNCHS (1996), Sri Lanka’s Million Hoes Programme
represents one of the best urban examples of aptioming to date. Table 4.12 gives
the list of strategies adopted in this scheme.

The Million Houses Programme of Sri Lanka with t8&P method resembles the
People’s planning campaign of Kerala and couldagctn effective tool in ensuring the
basic infrastructure facilities, accessing resosireg prerequisites for sustainable
housing through community participation. Peopledsising process (South Africa) and
Grameen Bank housing scheme (Bangladesh) are g@amadpées in enabling strategies.

4.5 Discussions and Evaluation

The evaluation of the public housing schemes inaléereveals a totally different side
of the housing situation of the state than progdte the official documents. It proves
that the real situation cannot be evaluated basetumerical data alone. Instead, it also
requires the viewpoint of beneficiaries. The sudaag text gives a discussion of these
outcomes based on the different aspects of subtaiadfordable housing.

451  Socio-cultural sustainability (SCS)
The case studies of different households conclbdefallowing shortcomings as the
primary failure of housing programmes in terms otis-cultural sustainability in

housing.

- Lack of flexibility or little adaptability of OLHShouses to the future requirements
of households.
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- Increased dependency of households on Governmppbsu

- Poor involvement of OLHS beneficiaries in the biniffiprocess.

- Poor involvement of the community in the buildingpgess of IAY and THS.
- Poor integration of amenities and services for l&d THS.

Incremental transformations and extensions canaw@the original housing facilities
and make it adaptable to the changing needs ofeholds. However, the case studies
of OLHS reveal that only very few of the householdsre able to make their homes
adaptable through transformations and extensiotiser® found the houses unsuitable
to their present needs mainly because of the @ecdbésign of the twin houses. The
willingness of people to invest their energy, atitre and their savings or other material
resources depends on the satisfaction they experien expect as a result (Turner,
1976; Tipple, 1996). According to the latter thealiy and the transformations on the
houses in the course of time reflect the attitutithe inhabitants towards their houses.
Also the maintenance of existing housiaiggas and their continued improvement over
time through local initiatives can enhance longrtesocial relationships, which are
essential for socio-cultural sustainability of himgsdevelopment.

The ownership of houses under one lakh housing nsehevas conferred to the
households purely as a gift from the governmenheiieiary involvement was meagre
or rather nil in the housing process and has haactwustom to the facilities given. It
seems that this provider approach could only dishiniheir self-reliance and they
became more dependent on public support. Along thidy the type design of OLHS
houses was turned out as a sign of their identilynstizing the inhabitants as
belonging to lower income category. The mass hau$gature of this scheme also
contributed to the segregation of a specific grofipeople into a particular locality or
colony. The majority of the interviewed householdsre oppressed by this and had a
feeling of being inferior to others in society. Thase study of the household (case
study No.1) from Vettuvila OLHS is a typical exampf this stigmatisation. With the
same reason of stigmatization of OLHS, some ofl&&THS households seemed to
be more satisfied with their houses than their Olddfghbours, even though they had a
poor housing condition as compared to their neighthoOn the basis of this, the
abysmal housing conditions in OLHS houses can lienstood as the result of poor
beneficiary involvement and the stigmatization ofibes. The case study of Sivodayam
colony (THS) is also an example to poor beneficiamolvement and stigmatization.
On the other hand the quality of houses from tlee cdudies of other households from
THS and IAY show the importance of beneficiary imement in the building process.

Community involvement was a major supporting fadtothe case of OLHS houses.
The significance of OLHS even now is mainly becaab¢his. According to Jenkins
(1999), community development is a key to unloakhler levels of mutual advantage as
well as more effectively and equitably accessimgesand economic resources. For the
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lower income population, communal action, whetlmethie political, social or economic
realm, permits a scale of activity impossible adividuals. This is rather true in the
case of OLHS houses. But the houses constructeer ardlS and IAY could not gain
any benefits from community involvement and wereplemented only with the
beneficiary involvement under partial governmenpprt. Although the underlying
concept of THS was one similar to that of Peoplédaising Project, South Africa, the
case studies from THS reveal that there was hantjycommunity participation in the
houses constructed under this scheme, other tlea8itlodayam colony case studdut
even in this case, the technical agency employedaftlitating the building process
became like a contractor and the houses degradefthetostatus of conventional
contractor-built type designs. Community resourcas bridge the gap but only if the
community is committed to, and feels responsibilityr, the programme. The
community must therefore be fully involved in désismaking on programme
direction and priorities and should be assignegamsibility for tasks where there is a
clear connection between input effort and outpuietie(UNCHS, 1988).

The provision of physical infrastructure must beerseas a prerequisite for the
sustainability of human settlements and for achigwf basic human needs. This was a
positive factor of OLHS since their colony wasyided with motorable road, facilities
like schools, worship places, hospitals and marietse near by area. However in IAY
and THS, houses were constructed by the houseimalgdually in their own plots and
hence the situation was different for each of tbedeholds. Planned development is
needed for the development of a locality as a gesilential neighbourhood and this is
an advantage of mass housing schemes.

4.5.2  Economic sustainability or Affordability (ECS)

Affordability or economic sustainability of the h&ing schemes in Kerala was always a
deep concern among the households as well as ther#ies. 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 basic resources for housing

Poor housing condition often exposes the povertyhefhousehold and reflects their
economic status. The accessibility of the houseshtwldheir basic shelter needs depends
on the economic sustainability of that particulausing scheme. The case studies of
different households points towards the inaccdsyitin achieving these basic means.
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The story of IAY households (Case study No. 4)ste their difficulties in accessing
the basic resources for housing. One of the houdglfmentification Number 68) from
this case study fully relied upon a contractor lasytdid not have any idea of the
building process. However their neighbour’s fanfliyentification Number 67) utilized
daily labourers in skilled activities and contriedtthe household labour in unskilled
jobs. Unfortunately, both the households were rde do finish the house in the
stipulated time frame of the project due to thercta of materials, necessary finance
and skilled masons. Thus they could not avail the dupport from the scheme and
ended up with an incomplete house and a finanaiatldn. Also, in the third case,
though the household could manage with the procentrof materials at higher price
and arranging skilled workers to complete the bagdorocess in the time frame of the
project, they now seriously face a financial ctidife case study of THS (case study
No. 7) also reveals the ignorance of the housefiwldhe building process, cost
reduction techniques and above all in the prop#ization of resources. In spite of
owing a big liability for housing and draining calt their assets and savings, they could
not meet their basic shelter needs. Although thesébold built their house also
considering their future requirements, it failed gerve even their primary housing
needs. The accessibility to basic resources inetu@iffordable technological options
and proper guidance are thus inevitable for ecoo@ustainability and the above case
studies reveal the disability of the poor in acoesthis.

The affordability by a household is also based lom rielationship between monthly
household income and repayment of housing loansvitDet al., 1989). The Grameen
Bank housing loan programme needs special mentiorthis context. The basic
intention of Grameen bank programme was to crealasle income through income
generating activities by the initial loans. Onces thas been achieved, a long term loan
for housing is provided. Also the peculiarity ofstiprogramme is its greater flexibility
in accessing a variety of loans for housing acecwydp the needs of the households.
Although there are a few shortcomings in GrameenkB@using programmes such as
lack of trained technical supervision, difficultissthe transportation and installing of
building components, usage of energy-intensive meob materials (corrugated iron
sheets, cement) and lack of satisfactory guidelfoesettlement design and planning,
this housing programme shows that enabling peoplébuild better housing for
themselves through institutional intervention hasteptial for promising results
(Ahmed, 1998). This is also evident from Thabonsgecstudy. This project was initially
met with objections from beneficiaries since it wgifficult to convince people that
through quality building material and technical meéy they would be able to build
houses that would satisfy more of their needs twigh contractor built houses of
typical specifications. But later it turned outlie a great success with the involvement
of beneficiaries and community participation (Stewve al., 1999). Enabling the poor
to build and maintain their houses can be indeddfiierather than providing the
houses free. The case study of Sivodayam colongdimids also confirms this. It
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shows that all the help from the government wag delping them in increasing their
dependence rather than improving their self-rekafthis was also confirmed by case
study (No. 2) of the household from the NeeravilHB. Even after long years of
occupancy in that house, they still do not feel Hueise as their own and looking
forward for further government support for minopaés.

A study conducted by Shiferaw (1998) on the satfdated transformations of public-
provided dwellings in Addis Ababa, Ethiopia shoWwattthe quality of the extensions to
the original core houses were found depending weugh on the security of tenure,
their command over resources and feasibility tdtetogical options. According to
him the extensions to government-provided dwellinga turn to a valuable resource
for improving the housing conditions of the low-ime group only if these
spontaneous and individual actions are technichlbistically and legally supported by
the formal sector. The negligence of household fieeravil OLHS colony (No. 1) to
their pathetic housing condition could be eithee ttutheir increased dependence of the
public support for further improvement of their lseuand their less accessibility to
affordable building processes. It can also be dude security of tenure since most of
the households from the OLHS were not provided tithownership documents.

The case study of OLHS households (Case studyo®) fPunnapra panchayat tells us
the irrationality in the Governmental support. istcase study, financial assistance was
provided to the OLHS households for detaching timiuse from their neighbour’s,
without considering the present situation of anytb& houses. Hence the poor
household was forced to demolish his original haleag with the modifications made
in the due course of time. The Thabong case stadybe cited as an example in this
context to show the significance of beneficiary dlwvement in decision making
especially in a project which deals with the magdifion or renovation of the existing
houses. In such situations, the project has to esddindividual needs rather than
perceived mass needs. In the Thabong project thefibe@ries were given freedom of
choice for their houses from a list of housing EayEs to select the appropriate option
to suit their requirements. A similar kind of appch considering the needs of
households and specific situations of present lousrild be helpful in improving the
OLHS houses rather generalising the solution. Gtiser public assistance may be a
burden to the household than being a support teinase of this particular case study.
Home ownership in developing countries has a trelmes social value - arguably more
than in advanced countries, but largely fails tdfgren its economic functions. Housing
delivery can be harnessed as a vehicle for jobtioreshrough strategically designed
settlements and construction programmes. Idengfgind promoting housing activities
as a development programme rather than a welfargtgcan indeed lead to economic
sustainability.
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4.5.3 Technological sustainability (TCS)

The household surveys and case studies endorgeticern over the following factors
on the technological sustainability of housing peagmes in Kerala.

- Scarcity of affordable materials and availabilifys&illed labour
- Feasibility and affordability of technological ogis

- Lack of technical guidance or supervision in théddg 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 utilifiegl materials, local labour and
adopting cost reduction techniques in all stagesooftruction. The provider approach
in this housing scheme and the uniformity in impéenation throughout the state
helped in ensuring proper technology and maintgirstandards. Owing to this, the
situation of majority of OLHS houses even aftertthyears is passable, despite the fact
that most of the households did not pay any atiariti proper maintenance and repair
for their houses. But the main problem that cowddbticed in most of the houses under
this scheme is the development of cracks in theg loentral wall which separates the
two adjacent houses, which could be attributedhéopeculiar design of twin houses. In
addition to this, the design and technology adojisedhese houses also showed very
little flexibility for further modifications. The ase study of the household from
Punnapra panchayat (Case study No. 3) can beastad example. This household was
very concerned to improve their housing facilitassd could also modify their house.
But they could not retain these modifications arterxcompelled to demolish the entire
building when there was a demand for detachingr theuse from their neighbour’s
house.

The case studies of IAY and THS reveal that nonthefhouses under these schemes
were successful in utilizing cost-effective teclogital options in their building process
as anticipated by the government and were only tautpthe conventional technological
solutions. Even though IAY has specific guidelirfiesempowering and involving the
beneficiaries in skilled jobs, utilization of localaterials and self building, discouraging
the involvement of contractors and excessive atiln of energy intensive materials
like bricks, cement and steel in the building psseone of the beneficiaries were even
aware of these requirements of the scheme. And thisp had an inferior attitude
towards local materials. The case study of IAY dimiaries (case study No. 4) can be
quoted as an example to disclose the difficultiésthe beneficiaries in accessing
technological options, affordable materials andiggtproper guidance on the building
process. All three households in this case studye we&tremely poor and were solely
depending on government support. In spite of tfeémcial disability, they were forced
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to entrust a contractor (Identification Number @8)marily due to their incapability in
the building process. Their only involvement wasttlof a mediator between the
panchayat and the building contractor in trangfigrithe money. The household fully
relied upon the contractor as they did not have idep about the technology used,
materials and even the expenses incurred for thstieaction. Two other households
under this case study were also ignorant on theredsiction techniques, utilization of
local materials and were blindly depending on tbei@ of local masons. These case
studies show the difficulties of the beneficiarinsaccessing suitable technology and
affordable alternatives. Although, the Grameen Bhoksing loan programme could
help the poor households to certain extent in sghthese types of problems, lack of
trained technical supervision together with tramsgton and installing of pre fabricated
building components was a major draw back. Theseneles point towards the need
for timely guidance or supervision, technical tragnand familiarity of building process
as the key factors of sustainable technology. Theg®ng case study from South Africa
can be cited as a best example in such a situtdiehow the importance of technical
supervision and training. On-site advice and trgjnivas given for the beneficiary
households during the building process. This waesgary as the houses were all at
different stages of completion and had differenideoplans. It also became necessary to
advice people on the materials and quantities reduespecially to those having plans
of their own. This advice was given at a centrddigated site-office from where all
activities were co-ordinated. The households (wormeparticular) set the trend by
requesting training and soon also started assistigighbours, friends and people
incapable of building. According to Stewart et(@999) some of the beneficiaries who
acquired building skills through training could nealt as an income generating
opportunity after the completion of this projecthi§ case study also explains the
significance of beneficiary involvement in buildipgocess especially in the selection of
technology and materials.

Even though Total Housing Scheme was implementeith @&i similar concept of
employment generation through housing and whol¢osatevelopment, case studies
and field surveys reveal the failure of policiesséries of training camps were said to
be organised for masons, engineers and governmifinials to achieve ‘Habitat
Literacy’. The training was given mainly in the &ipation of appropriate technologies,
which are cost-effective, environmental friendlgjng locally available and affordable
materials responding to physical, social and cliecnagéeds of the region. According to
the concept of the Government, the main aim of pghiggramme was to unmask the
technology and to break the gap between architegldler and the common man to
develop a friendly change in the building sectbmwas intended to enable the common
man to build and maintain his house by his ownré&ffdBut the real picture sketched
out through the household surveys is really alagmiihatever told, read and heard was
a different story than the actual situation. Theecatudy of Sivodayam colony is a
better example. One of the major appropriate teldgyogroups were involved in the
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construction. They signed an agreement with govenmimofficials for the
implementation of the housing programme. As part tadbitat literacy and
empowerment of the common man, training camps &k@ said to be conducted for
the households of this colony. But their presentsimg situation is not that satisfactory.
According to the beneficiaries, they could not reeany skilled training in technology
or production of building materials. Also they @@l not aware of any of the cost
effective technological options and not convincedts strength and durability.

The case studies and household surveys also rinemefficiency of cost effective and
environmentally friendly technology innovationsriaching the poor. It could not gain
that popularity and acceptance especially amongpti® households due to lack of
proper awareness. The study of Gopikuttan (2004gohnology options in housing for
the economically weaker sections in Kerala supptits. He argues that CEEF
technology actually meant for helping the weake&tisa seems to have failed to reach
the expected beneficiaries. Irrespective of theshmu schemes, the majority of the
interviewed households have not even heard of BEFRCtechnology. Those few who
responded positively to this question were alsoimterested in using it or convinced of
the strength. The main reasons they told to supplwetr arguments were the
unavailability of skilled labour and lack of condidce on strength and durability. Hence
they are forced to depend on the available moderomventional technological
alternatives even though those were not affordébldem. Since the public housing
schemes in Kerala were formulated with a presumptid using cost effective
technology, the choice of conventional energy isite® building process is basically
against this concept and contribute up to the faibf housing schemes. The difficulties
in feasibility, acceptability, non-awareness andva#l as the lack of confidence in the
new technological options aggravate the housindlpro along with other aspects of
sustainability. These factors urge the necessity @étailed evaluation of the prevailing
building process in Kerala. The succeeding chagi¢ails with this analysis and present
suitable guidelines for the selection of sustaiedhlilding process under the context of
Kerala.

4.5.4  Environmental sustainability (ENVS)

Environmental sustainability of housing schemeKénala raises greater concern on the
sustainability of housing development activitiesKerala since it is not getting the
desired attention both in the conceptualizatiogestand as well as in the perception of
beneficiaries in real situations. The following efjves which need immediate
attention are:

- Insufficient basic services
- Excessive conversion of agricultural land for hagsi
- Poor concern over the utilization of non renewabkources
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- Utilization of energy intensive building materials

Environmental Sustainability is an equally impottaspect of sustainable housing as
the other three and it deals with the needs oféugignerations along with satisfying the
present needs. The former part is the most ignseetbr. It deals with the conservation
and protection of resources, both renewable as aglhon-renewable. None of the
housing schemes was seriously concerned with thective, and the actual situation in
the beneficiary households was not so differenbrPouseholds who are sweating even
for their daily bread are more concerned with theimediate needs rather than with
their future. The case study of IAY households écsiidy No. 4) is a good example.
They purchased cheap agricultural land and devdl@sehouse plot since they could
not manage to get any other affordable housing ploéy were not at all bothered by
the environmental implications and even not awafethat. Changes in land use
patterns, the exploitation of paddy fields and fzegaind growth of housing development
activities have created severe problems such asrwagging, non-availability of
drinking water and ultimately the degradation of thatural resources and changes in
the micro climate of Kerala. Conserving and protectesources needs crucial attention
to achieve environmental sustainability. None & Hthemes could take any positive
step towards this aspect.

Needs of present generation is also a prime obgdf environmental sustainability. It
deals with the quality of environment and infrastane facilities. Development of an
adequate infrastructure base is inevitable forasnable habitat. In the case of OLHS,
the houses were constructed in a clustered maixieg fa density of twenty houses to
an acre (approximately 4047%of land with twenty percent of area utilized foads
and open spaces. Even in this case, governmenwvémtion failed to provide the
essential infrastructure facilities like proper isation and drainage. Also most of the
OLHS households had only poor toilet facilities ditdrally no permanent bathing
facilities. A temporary open shed either with atthad wall or with a protection of
polyethylene sheets is a unique feature of theietsoor bath rooms. The case study
(No. 2) of OLHS households from Neeravil colonyaisgood example of their poor
surroundings.

Even though IAY guidelines were giving importanae healthy surroundings and
infrastructure development, the real situationhaf households is pathetic (Case study
No. 4). Two of the households from this case st{idgntification No. 67 and 68) do
not have any type of toilet facility and need ttyren their neighbours for this basic
need. The situation of THS households is also nfferdnt. The households of
Sivodayam colony also had no toilets with their fesuses as they denied the facility
to increase the area of their houses. Most sungiigi it is interesting to notice that
none of the households are bothered on providiegbtisic facilities like toilets and
drinking water utilizing their housing assistangel dooking for further support from
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the Government for satisfying their needs. The rtewuses without toilets are a
common feature of the public housing schemes iraléeand also an indication of the
increased dependence of households on governnsemabrt.

The evaluation of the public housing schemes inakéeradvocates the reform of
Government policies towards practical solutions dostainable housing development.
Housing statistics confirms that quantitative hagsdeficits are relatively small in
Kerala. But the evaluation of public housing irittas in Kerala begs immediate
attention on the gravity of other shelter relatedbfems. Based on these analysis and
discussions, the succeeding section presents atfewegies for sustainable-affordable
housing in Kerala.

4.6 Strategies for sustainable-affordable housing in Kiela

Housing policy for people living in poverty has iindbjective and multi-institutional

relevance. This section comes up with a few stiatedor the development of
sustainable-affordable housing. They are identifeed Policy measures for socio-
cultural sustainability (PSCS), Policy measures feronomic sustainability or
Affordability (PES), Policy measures for technolmai sustainability (PTS), Policy
measures for environmental sustainability (PEVS).

Strategies for Sustainable-
Affordable Housing
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Figure 4.6 CFk - Strategies for sustainable-affordable housing
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This modified (based on evaluation) framework f{CHtrategies for sustainable-
affordable housing (Fig. 4.6) can be considereda amechanism for achieving the
objectives as derived from the analysis of caseliessuand evaluation of housing
surveys using CF

4.6.1 Policy measures for socio-cultural sustainabiliBSCS)

The evaluation of public housing schemes in Kehédgnlights the un-sustainability in

socio-cultural factors as one of the main pitfallsthe housing programmes. Since
housing has got more personal significance tharaksiterests in the perception of an
individual, socio-cultural sustainability in hougiprimarily depends on the attitude of
the inhabitants towards their houses. Thereforecipsl for sustainable housing should
give importance in ensuring household participatiomll the levels (from planning to

finish) of the building process. This could help donsiderably improve their self-

reliance and lead to better living standards. Engucommunity participation is the

next important milestone in this aspect of sustam&ousing. Community involvement

can accelerate the social significance of housiemglbpment by ensuring, integrating
and maintaining infrastructure facilities and reaguthe low income households from
the evils of social exclusion.

Policy measures for achieving socio-cultural sustaility in housing can be listed as
follows.

- Stimulate participatory housing through involvemeiithouseholds and with the
support of community. Community action plan appteecin the Million Houses
Programme in Sri Lanka and People’s Housing Proitess South Africa are good
examples in ensuring both community participatiow ®eneficiary involvement.
Refining and improving the concept of People’s Riag campaign in Kerala could
be suggested as a recommendation.

- Promotion of core housing concepts with flexibilitr future expansion should be
considered on the planning stage itself and enswitid the provision of vacant
plots, infrastructure facilities and formative dgss.

- Households should be given the freedom of choicettfeir house from a list of
housing programmes to select the appropriate opdicuit their requirements.

- Careful neighbourhood planning of the houses shbaltaken by mixing different
income levels of the society in the same localityd aensuring adequate
infrastructure facilities and community services to
= ensure the inhabitants to take part in communityides, improving social

relations and intermingling with others.
= avoid the segregation of a community based on ircagligion or other social
criteria.
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= discourage the stigmatization of houses eitherutinotype design, material
usage or any other methods.

4.6.2  Policy measures for economic sustainability or afébility (PES)

The ability of the households to own as well asnt@in their houses plays an equally
important role in the sustainability of housing dpment as the economic
sustainability of the housing programmes. Goverrtnsepport for housing could help
the poor households in supplementing their effantdy if they are self-reliant to meet
their immediate daily needs. Improving and maintgjnconsistent income should be
the prior step in satisfying their housing need&e Thext step is facilitating or
empowering the poor through enabling strategieisnfwrove their access or command
over various resources, necessary for housingte§tess and housing policies at this
stage should be able to tackle the problems coedegith land tenure, subsidies,
accessibility to easy loans, resources and othstaoles connected with building
process. Effective policy measures should be tdkenimplementing the different
objectives of economic sustainability in housirtgcdn be listed as follows.

- Ensuring consistent income: Grameen Bank HousingnLprogramme is an
excellent example. It can also be done by-
= Empowering the poor in the different activities btiilding process like

production of building materials and other skillabour training,
= Housing schemes for the economically weaker sestatould be coordinated
and integrated with poverty alleviation programmes.

- Accessibility of resources: This is a prerequidite affordable housing. The
priorities of different households and problems raxted with ensuring different
resources such as land tenure, supplementary lbaitding materials, labour and
other infrastructure facilities needed for housiagtivites may vary. The
Community action plan approach of Sri Lanka couddabetter solution. Issue-
specific workshops and gatherings organized amdmg group of households
together with the involvement of community and peogme officials could sort
out the problems and come up with more efficienlutsmns. The concept of
People’s Housing Process of Kerala also needs alpe@@ntion at this context.
Improving the accessibility of the households tane and subsidies could help in
further strengthening their ability to afford haugi

- Feasible loans: Promoting micro finance institagian the model of Grameen
Bank is a sustainable solution. A variety of loatkages should be made available
depending on the needs of the household and thilitydo make repayments.

- Minimum housing needs: Since the sustainabilitgférdable housing depends on
the fulfilment of basic shelter needs, proper manig and controlling of housing
development activities should be done to ensur®nganizations or small groups
of beneficiary households together with the invatemt of community and
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programme officials like the Support organizatigB®uth Africa) or Community
development councils (Sri Lanka) should be ablfixta minimum specification for
ensuring the basic shelter needs and regulateotimetbuilding process.

4.6.3  Policy measures for technological sustainability &)

Feasibility to sustainable technological optionsie of the main stumbling blocks of
the poor in providing their housing. This is aggred by the exorbitant prices of
building materials and inaccessibility to commoogarty resources. Evaluation of the
present building process in Kerala pleads for ¢iffecdissemination of cost effective
and environmentally friendly technology through waoicing examples and post-
delivery services. Technology promotion activitiesyareness programmes and skill
upgrading or training programmes should be promdtedugh policy initiatives.
Building regulations and standards also need inapbrtonsideration. Policy measures
for technological sustainability should includeldoVing strategies for guaranteeing
technological sustainability of housing programmes.

- Timely guidance and technical supervision shouldepsured in the building
process by intervening technology institutions ogamizations as in the case of
People’s housing Process in South Africa. Strengtigethe activities of Building
Centres and making them responsible for ensuriagjttality of houses could also
be a sustainable solution. Their intervention calt help in solving the problems
related to material scarcity, unavailability of lldd labour and also in maintaining
the technical standards.
- Technology promotion activities and awareness @pnognes should be accelerated
to make the technologies more accessible and afidedo the users.
- Stimulate research activities in appropriate tetdonoby :
= utilizing locally available or waste materials, whiare cost efficient, abundant
in supply.

= utilizing renewable, reusable and recyclable makeri

= utilizing environment friendly methods to providioadable housing solutions
suitable to the requirements of Kerala.

= demanding the usage of less energy intensive raktemd methods

= demanding unskilled labour, renewable resourcesdandntralised production

- Regularise building standards and regulations tsuen and maintain normal
construction standards and quality for sustainablesing.

- Building rules and standards should be revisedntmrporate the technological
innovations.

- Environment friendly construction techniques colédpromoted by providing tax
exemptions or additional incentives to buildingiizihg this technology.
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4.6.4  Policy measures for environmental sustainabiliti \#S)

The case study of households from different housiclgemes reveals the appalling

housing situation of the poor with insufficient aacilities like provision of drinking

water, sanitation and drainage. Even though badtpthsent and the future needs of the

household with regard to environmental sustaingbilo not seem to get any attention

in the housing programmes of Kerala, the urgenichaseds of the household has to be

fulfilled with due priority. Provision of basic firastructure facilities, conservation of

natural resources, efficient usage of water andggnare integral parts of sustainable

housing. Policies should be formulated considettrgge requirements.

- Policy measures should be able to ensure basiastnficture facilities (drinking
water, drainage and sanitation, waste disposaletdouseholds.

- Policy measures should ensure energy efficiencyhdmsehold activities by
integrating alternate solutions for renewable eparyd conservation of resources.

- Rainwater harvesting methods should be integratddh@using projects.

- Proper regulatory measures should be taken foreceason of agricultural land
and against uncontrolled land reclamation for chaiing, housing and other
development activities.

4.7 Conclusion

The evaluation of public housing schemes in Keveldfied the mismatch between the
aims of government policies and the real situat@nbeneficiary households. It

underlines the failure of different housing polgieith respect to sustainable housing
development and identifies that though there wafferdnt policies over the years

(1970 to 2000), they could not lead to significardlfferent outcomes. The results of
the evaluation urges the integration of differespects of sustainability through

efficient implementation strategies, suitable fdre tsocio-economic and cultural

specifications of the state co-ordinating the imreohent of beneficiary households,
local communities, non-governmental organizati@rs] local government. The policy

measures for sustainable-affordable housing showiel prime concerns in improving

the self-reliance of households through consisteabme and their accessibility to

resources together with proper utilization of reses. Ensuring infrastructure facilities
is also vital in sustainable housing development.
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Appendix 4.1

This is the original version of the questionnaire used for the household surveys. The interviewer
was asking the questions to the households in the local language (Malayvalam) and writing down

their responses by herself.

Sustainable- Affordable housing for rural Kerala

Household survey schedule

I General information

1. Identification number I:I 2. Name of the Scheme

3 Name of the Panchayat
4, Ward D S: House number
6. Name and address of the head of the household

7. Caste/Religion

Details of household members

IAY/ THS

]

Chapter 4

Household | Relationship | Age | Sex Educational Activity Approximate Marital | Place of work
size with the head | (10) | (11} | qualification status/ monthly Status (16)
(%) () (12) Occupation Income (14) (15)
{13)
Total

*  Place of work code: Within the Panchayat | 1, Outside, but within 5km-2, with in 5 to 10- 3, Outside district-

4, outside state | 5, Gulf countries 6, Other countries |7
*  Married [0, Unmarried | 1, widow | 2, widower |3, Divorcee
+  Activity status code: Employed [ I, Unemployed 12, Ex service

4

3, Retired- 4, Housewife 5, Student
Child |7, Old age | 8, Gulf returned = 9, Working in foreign countries -10

6,
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I Economic status of household

18. Average monthly income of the houschold in total

Land ownership

19. Land ownership (in cents) House plot

20. Land owned other than house plot

L]

(]
1]

1. Total area in cents

Agriculture land D

. Approximate plinth area of the house in Sq.m

23. Are there any domestic animals in your house?

24. Ifyes,

CS[I'

ulhcrlj

NOE

ltem

Number

Giving milk/egg/
meat earning

Approximate daily | Approximate daily

expense

Cow |II Goalm

Furniture

25, Chair

29. Desk

33. Mixi

35. Telephone

40 Motor bike/scooter

Pig Buffalo

26.Bench

30. Coat

3.TV

36. Electric fan

IIcnlE

27. Stool

33. Radio

]
[] 31-Bed
]

EI 38. Electric iron

Duck m Others

D 28.Table I:I
D 32, Alma rah EI
D 34. Music system |:|

D 39. Cycle |:|

41. Any other vehicle D 42, Approximate gold |:]
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Montly Expenditure Monthly Savings
Item Amount Item Amount
43. Food 52, Chitty
44. Medicine 53. Savings bank
45. Education 54. Post office savings
46. Electricity 55. Insurance
47. Water 56. Any other
48. Cooking gas/ fuel
49. Periodicals
50. Any other
51. Total expenditure 57. Total savings
Liabilities
58. Do you have any liabilities? Yes [I] No m
59. If yes,
Loan Source Amount Rate of interest _ Monthly Purpose Remarks
instalments

Purpose code

House repair/ maintenance IZ] Mehicle purchase/Repair

El any other

Medical / health purpose

Source code

Co- operative banks

Has to repay the last 5 instalments E’

60. Approximate debt amount
61. Repayment of debt:

62,

63. Ifnot, why?

Marriage of children

Nationalised Banks

Relatives & friends

Do you able to repay the existing loan

Promptly

Yes

C]

Education

]
(=]

other source

(]

No

(]

House construction El

[s]

Cel

Not repaying the instalments regularly

510 12 months More than | year El

[o]

Private banks IZ! Individuals E]

[2]
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I11. Housing details

Previous house

64 From where do you migrate to the new house? The same place lIl
Same panchayat, parental house |II same panchayat, not parental house
Outside panchayat, but same district Different location than above o]

65 Why did you migrate to this new house? Old house not liveable lI’
Not enough facilities II' destroyed by natural calamities
was staying in rented house Other reasons (Specify)

: (5]

66 Did you satisfy with the location?  Yes m No m

67 Specify reason

68  Type of old house
Foundation
Walls
Roof
Flooring

69.  Facilities Living room + Kitchen [1]
Living room + Kitchen+veranda El Living room + Kitchen+bedroom
Living room + Kitchen+bed room+ veranda Other than above (specify) El
Single multi purpose room II'

70.  Did you have toilet? Yes [1] No [0]
71, If yes, type  Single pit |I| Two pit EI With septic tank Other types Izl

72 Bathrooms  Temporary shed |I| Permanent room El Public well/ pond Public water taplzl
73.  Drinking water

ownwell  [1] Neighbour’swell [ 2| Pond [3]

Public well E Public water tap E’ Other (specify) E
74 Was the house electrified? Yes lIl No m

75. Cooking fuel used? Wood |I’ Kerosene E

Others (specify)
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Present house

76 Year of Sanction

77 Year of construction

78 Year of occupation

79 Duration of building process

80 Are you the original beneficiary of the scheme? Yes IIl No m

81 Present situation of the house Completed, good condition El Completed, but needs repair El
Uncompleted with minor works remaining uncompleted, needs major works to finish El
Unliveable condition, major repairs to be done El demolished El other than this (specify)

82 Did you follow type design? Yes |I| No m

83 If not, what additional facilities added? Purpose?

84. Do you have latrine? Yes No

85. If yes, Type Single pit |I’ Two pit |I’ With septic tank |I| Other types |I|

86 Latrine Integrated with H.S Another Scheme |Z] Provided by owner El
87 Bath rooms Temporary shed Permanent room IZ]

Public well/ pond Public water tap m
&8 Drinking water Own Well Neighbour’s well |Z|

Pond Public well El

Public water tap

Other than this [ |

89 Drinking water Integrated with H.S Another Scheme E]

Sharing with neighbour

FIE EEEEE

Provided by owner

90 Any water/ energy conservation methods adopted? Yes lIl No
91. If yes, what are the measures adopted?
92 Is the house electrified? Yes |I| No

93.  Ifyes, by whom?

Integrated with H.S |I| by the owner IZ‘ by another scheme

FE B o

94 Any methods adopted for drainage and waste disposal?  Yes II' No

95 If yes, what are they?

96  Cooking fuel wood |I’ Kerosene El Electricity E’
LPG El Others IE
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Location of the house
97.  Are you satisfied with the location of the house? Yes |I| No m

98 If not why?
Work place away IIl Educational facilities away [ZI environmental problems

Bad neighbourhood No hospital facility other reasons (specify) Izl

1B [

99. Environment Air pollution Dusty EI
Healthy Unhygienic E’
100.  Neighbourhood Good residential area Industrial area El

Low-income settlement

Slum like area

[ M E

other (specify)

101, Type and nature of land of house plot
Developed agricultural land

Ordinary plot E]

H

102,  Distance to nearest motor able road

103 Distance to nearest worship place

104.  Distance to nearest health centre

Building Process

105.  What was the total cost of construction?

106.  Source of Funds

Rate of Monthl i How | Number of
Source Amount : g : 4 - PE many left | instalments
interest instalment | instalments unpaid to pay
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107 Any form of community involvement in the building process? Yes El No m

108 Involvement in:

Material contribution |I| Labour contribution El bolhlzi
Financial assistance El All the above El

109.  Anyinvolvement of NGO'S/ CGO’s Yes [1] No [0]
10 If yes, who was involved?

111 Involvement in:

Material contribution IIl Labour contribution [zl both
Financial assistance II' Technical assistance El All the above Iz]

112 Beneficiary involyement Yes [1] No[ 0]
113 If yes, involvement in

Financial contribution |I| Material contribution El

Labour contribution Planning All the above E

114 Material contribution of beneficiary

Produced by beneficiary El purchased El materials from old house El

115.  Labour contribution: skilled |I| unskilled El both
116 Involvement of local masons skilled E unskilled E’ both E

117 Involvement of CEEF technology institutions / Building centres Yes El No m

118 If yes, their involvement in:

Material supply [Il Labour supply E]
Training Technical advice E All the above El

119. Who were the implementing agency/ officer?

120. Role of implementing agency

Financial contribution |I| material supply El training/ technical advice

Limited to giving stage certificates El All El Any other support El
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Materials used

Structure Materials

Difficulties

Source
encountered

121. Foundation

122. Walls

123. Roof

124, Flooring

Material code Laterite

Bricks

Stabilized mud block

Roof code R.C.C

Shell roofing

A.C Sheet

Al sheet

Flooring code not finished

125.

126.

127

Red/ black oxide

[ B E

I [

[ [5]

Rubble [2]
Hollow blocks E’
others (specify) II'

Filler slab [2]
M.Ptiles
Tin sheet [6]
Thatch El other (specify) II'

Cement plastered El
Others (specify)

Do you find any progress in your quality of life since you moved to your new house?

Yes |I]

If yes, what are they?

Improvement in: the studies of children

Better value/status in the society

[]

Nom

health condition El
All

Are you satisfied with the facilities provided by the government?

Yes |I’

NolIl
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If not, what else you expect from the government?

To construct the houses completely according to their type design EI

Chapter 4

To provide partial financial support and provide technical assistance, training and facilitate the construction El

To give full financial support

Repair/ Renovation

other than this (specify) ‘I]

129. Have you ever renovated your house since occupation?
Yes m No m

130. If, yes, what additional facilities added?
One more room |I| 2rooms E’
one room + Veranda Toilet facilities added
Other than this (specify)

131. Source of money for renovation

Source Amount E::ge{;i in]::;’]rllﬂggts Remarks

Any repair works done after occupation?

ch‘Il

Nom

132 If yes, what are they and frequency of repair?
133. Source of money for repair
Rate of Monthly
Source Amount interest fistalments Remarks
134. Are you satisfied with the present facilities in the house? Yes |I|
135. If not, what else facilities you need?

Nom
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136. What is the source of money you are looking forward?
Needs, Aspirations, Plans
137. Do you have any plans to construct a new house? Yes E] No ‘I]

138, If yes, what facilities you want to provide as additional to your existing house?

139, What materials would you prefer to use?

Strictire Materials What are the advantages of these
than the present materials
Foundation
Rubble
Walls
Roof
Flooring
140. What source of resources you are looking forward to realize your dream house?
Savings selling out the assets
more government support Others (specify)
141. Would you prefer to use the innovative materials developed by yoursell (after getting training) for

your new house?
W v [

142, If not, why?

143 Are you interested to get trained on CEEF technology?

Yes |I| No m

144, Ifnot why?

145.  Are you interested in using CEEF Technology for constructing your house?

Yes El No m
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146 If not why?

147. Your opinion on using Locally available materials such as:

Mud

Laterite

Treated wood
Agricultural wastes

Industrial waste

148. Your opinion in using:

Exposed brickwork

Filler slabs

Cavity walls

Prefabricated construction

Any special comments?

Interviewer k¥ Remarks

Present condition of the house & household

Living environment
Water management
Waste disposal
Location

Acrough plan

Chapter 4

Living room

Veranda Bed room

Kitchen

Remarks

Area of the house

* Do you have any inferior feeling to live in this house? (Any form of stigmatisation or grouping of people)

= Do you consider this house as an asset? If not why?

Specific remarks and suggestions for improvement
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Appendix 4.2
Sustainability Analysis (OLHS/IAY/THS)

Scheme of Analysis

Socio-cultural sustainability

Adaptability

Household Size Number of potential families = 1 20
A single family with young children and househoizes4-6 16
Potential family.>1, but additional rooms 12
2 potential family including old parents size 4-6 8
A family of 4 -grown children/PF>1 with insuffici¢additional rooms 4
Number of potential families >1 0

Equality

Segregation or grouping of a people  No 10

of a particular category based on | yes 0

income or caste(feeling inferior)

Integration of amenities and services

Motor able road Within 200m 20
100m to 200m 10
>200m 0
Nearest bus stop Within 500m 20
500 to 1km 10
> 1km 0
School Within 2km 20
Hospital 2km to 5km 10
Worship place >5km 0
Work place Within the Panchayat 20
Outside but within 5km 10
>5km 0
Beneficiary Participation
Planning Total building process 20
Finance - -
Material contribution Planning, material, labour 16
Labour both material and skilled labour 12
Any two from labour/ material/finance 8
Partial material / labour/ financial contribution 4
No involvement 0
Community/NGO'S Involvement
Planning Total building process 20
Finance Planning, material, labour 16
Material contribution both material and skilled labour 12
Labour
Any two from labour/ material/finance 8
Partial material / labour/ financial contribution 4

No involvement 0
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Economic sustainability (ECS- 1AY/THS)
Pre requisites
50 to 75% 20
Savings 25 t0 50% of income 15
10 to 25% only 10
less than 10% 5
No savings 0
Affordability
No/ yes, but paid already 20
o _ Yes, but paying back regularly 15
Liability for housing yes, not so regular in payments, but can pay 10
yes, paying back the interest only 5
yes, not yet repaid the instalments 0
Completed, good condition 20
Completed, but minor works in pending 15
Housing condition liveable, but needs major works to finish 10
liveable, but only minimum facilities, major workending 5
Not liveable, incomplete or poor condition 0
Shelter Needs
Permanent space with latrine/ independent space(goo 20
condition with door and roof)
Bathing space permanent room without roof or proper door 10
Temporary shed or pond 5
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 using as kitchen 5
Cooking in temporary kitchen outside the house 0
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Technological sustainability(TCS)

Feasibility
Technology for Roof and Wall R,C,C , filler slab 0
Rat- trap bond
Simple, Easy maintenance and unskilled labour Elr?cn;/lignkwjgr??b?ggko&d;;ﬁ;yry 10
Tile roofing/ sheets 20
Plenty 20
Labour availability Fairly 10
Rare 0
Good 20
Quiality of labour (Strength) Moderate 10
poor 0
Easy 20
Functionality (Further changes in design ) Fair 10
Not possible 0
Good 20
Comfort Fair 5
Poor 0
Good 10
Fair 5
Safety from thieves , natural calamities, fire egaetc Poor 0
Moderate 5
Intensive 0
Materials for Roof and Wall Locally available/produced 20
Locall rchased 10
Availability ypu
No local availability 0
Good 20
Reusability Fair 10
Poor 0
Zero 20
Energy Requirement Voderate 0
Intensive 0
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Environmental Sustainability (ENVS)

Renewable and Non renewable resources

Energy Yes 20

Any energy conservation measures adopted? NO 0

Water Yes 20

Any water conservation (reuse) measures adopted? | No 0

Land conservation and proper planning

Land Natural plot 20
low lying / hilly area 10
Developed agricultural land 0

Healthy Environment

Quality of surroundings Good 10
Moderate 5
Poor 0

Neighbour hood Good residential area 10
Low income settlement 5
Slum like settlement 0

Basic Infrastructure

Toilets yes, constructed with this house 20

Is the latrine facility integrated with scheme?
Using the same latrine with the old house 10
later constructed by the owner/ through anotheesh 5
No 0

Latrine type septic tank, permanent room good condition 20
Single /two pit ,permanent room 16
Single /two pit ,permanent room, no roof/door 12
Two Pit with temporary shed 8
Single pit -temporary shed 4
no latrine 0

Water supply yes 20

Is the drinking water facility integrated with sche? integrated, but not sufficient 0
no 0

*Drinking water source Own facility 20
Public facility within 200m 16
Neighbour's facility within 200m 12
Public facility at a distance greater than 200m 8
Neighbour's well at a distance greater than 200 4
scarcity of drinking water 0

2 Access to water refers to drinking is defined agritawater located within 200
meters of the dwelling (UNCHS,2000)
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5 EVALUATION OF TECHNOLOGY OPTIONS: KERALA

51 Introduction

This chapter presents a comprehensive evaluatidheoprevailing building process in
Kerala and proposes two sustainable building atitres. The evaluation has been done
using a methodology based on the conceptual framiefkom chapter 2. The analysis
and discussions on the public housing schemesiial&échapter 3 and 4) urge the need
for feasible technological options for affordableuking. This argument also confirms
the findings of Gopikuttan (2002, 2004), who argtlest a clear understanding of the
technology suitable to the specificities of thetestis inevitable for meaningful public
intervention in the housing sector of Kerala. Aball the inter-relationship between
technology and wider socio-cultural, economic anginmental factors need more
attention in the context of sustainable developm@diit this necessitates a thorough
evaluation of the technological options based oe ttoncepts of sustainable
development.

This chapter is organized in six sections. SecBdh presents the evolution of the
present building process in Kerala. This is follov®y (Section 5.3) an overview of the
popular technological options in housing. The sadagy section deals with the
analysis of these building alternatives (Sectie¥).3t has been done in two stages. The
first phase is an evaluation of the prevailing dimd) alternatives based on the
conceptual framework. However, in the second phaseategorization or grading of
basic building materials and technological altakeest based on embodied energy has
been done. On the basis of this, section 5.5 comgswith certain specific
considerations for the selection of new buildingemdatives and proposes two
sustainable building alternatives. They are (i) eRlusk ash (RHA) Pozzolanas; a
partial replacement for cement and (ii) Straw bg®&) construction; an alternative
technique for walls. Basic details of straw balastouction and few examples from the
Netherlands and India are presented as appenddf s chapter.

5.2 Evolution of the present building process: Kerala

This section presents an overview of the evolutibthe prevailing building processes
in Kerala followed by a quick insight into the liisf of present technology.
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5.21  Traditional building process

Traditional Kerala architecture is based on thengiples of Vastu Sasthra (science
related habitation). It considers the astrologmacement of the Sun, Earth, and other
planets during the actual construction along wiih lbcation of the site, its shape, the
proposed building’s shape, the facing directiorttaf building, the location of gates,
entry doors, doors to each room, windows, and el design of the building. The
basic theories of Vastu Sasthra are closely comdeetith astrological principles.
Therefore, deviation from the accepted rules wdeved to cause detrimental effects
to those who use the building or the artisans whd lgonstructed it. Thus the
technology demanded highly skilled craftsman angtigion in the entire work. The
whole process was under the control of a headsenafit. Also the building process was
based on caste-related social customs and traslitibrhad a great influence on the
overall building process, such as the type of lngsd, materials used for construction,
technologies employed, labour involved etc. Absesfceage labour relations and the
supremacy of the caste system was a distinguisthiagacteristic (Harilal et al., 2000;
2002). Houses belonging to each caste had a conrmaume of identification revealing
their appearance and technology used. The qualdysi&ze of houses diminish as we go
down to the caste scale. The “Pulaya’s” (lowestsitvm of caste) hut was considered as
the smallest unit of accommodation (Governmentrafid, 1891). The caste system
provided the framework for occupational division labour. Only the upper class
enjoyed the privilege of employing the servicegfsans, and the poor people used to
build their houses with self-help or mutual helgngslocally available materials. This
situation continued till the early 1970s.

5.2.2  Modernisation of the building process

The social reform movements and the larger prooéssodernisation of Kerala since
independence and later the formation of Keraleestetd effectively overcome many
social and caste-based restrictions in all seatbife including the building process.
Following the 1973 hike in oil prices, the majoritfyouth from Kerala migrated to the
gulf countries in search of better employment opputies and there was a significant
inflow of remittances to the state from the Mid&ast. Income windfalls and exposure
to the outside world brought out greater changegshair aspirations, desires and
preferences. A major part of the investment at tirae was in the housing sector.
Average prices of indigenous building materials(saclay) increased by about fifteen
to twenty times during this period (1978-80). Femeess to the natural materials was
denied and traditional practice of community cosagien in house building became
non-practicable. At the same period, the factogdpced materials (cement, steel)
showed an increase of less than ten fold (Gopiku802). The share of construction
sector in the gross domestic fixed capital formmatid 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 alsowsd a steady increase. This
housing boom was the combined effect of econontcija institutional and cultural
changes occurring during those days. Land reforardecred ownership on land to
those who had earlier been landless labourers. thls@opularity of One lakh housing
scheme generated the importance of having own Bpesen among the economically
weaker sections. These social changes and subsequestments in housing favoured
the excessive use of energy-intensive building rredtelike cement, steel and bricks,
replacing the traditional materials. Table 5.1 giwe picture of the changes in the
material use pattern from 1961 to 2001.

Table 5.1 Changes in material use pattern in légjinlpercentages)
Source: Census of India 1961, 1991 and 2001

Building elements | Traditional materials M odern materials
(Lime, mud, grass, thatch, (Burnt bricks, stone, tiles,
bamboo, wood) concrete, Gl 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 durimgsthperiods opened up a new era of
technology in the housing sector of Kerala. It Hesl in the vanishing of
environmentally-friendly Kerala architecture. Theshadverse effect of this process
was the excessive dependence on energy-intensildingumaterials. Only 0.1% of
houses had concrete as roofing material in yeat 119t the latest census reports shows
figure of 26.5% in 2001 (Government of Kerala, 200Zhese changes in the
technology consequently generated changes in th@ogment sector and the wage
structures, especially in the rural areas, andrimeeliaries or agents emerged for all
sectors of the building process, including supdlynaterials and labour. As a result,
even for small constructions except kutcha houseshouseholds are forced to depend
on these intermediaries, and this further increabedcost of construction. Wages of
skilled labourers increased many-fold. Also thisdem technology with its undue
stress on costly and energy-intensive materiaésdikeel and cement is not affordable to
the majority of the population. In addition to thithese materials consume large
amounts of non-renewable natural resources likeggneninerals, and topsoil affecting
the environment. In order to overcome these probland to solve the urgent housing
demand, the government of Kerala promoted cost#&fte construction techniques and
innovative materials.
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5.2.3  Emergence of Cost Effective and Environmentally Friendly (CEEF) technology

The paradigm shift in the housing policy from a lpulhousing approach to the one
based on aided self-help during the beginning &0%%lso facilitated the introduction
of cost-effective technology in the housing seabKerala. Several non-governmental
organizations sprung up in early 1980s with affbtdatechnological options. Mr.
Laurie Baker, a well known British-born architestftled in Kerala, took the lead in this
effort. Based on his principles, Alternative Teclugy (AT) initiatives and institutions
like Centre of Science and Technology for Rural &epment(COSTFORD) and
Nirmithi Kendra came up in the eighties to save ffmor from the exploitative
tendencies of the intermediaries (Gopikuttan, 2004)

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

COSTFORD is registered as a non-profit voluntargaoization in 1984 under the
chairmanship of Mr. Laurie Baker. It has a taskéoo€ people from different disciplines
such as architects, engineers, economists, geadgmigs scientists, advocates,
accountants, doctors, industrial consultants, dibrists and social workers.
COSTFORD, in general, has two main foci of actdstinamely, social activities and
construction activities using appropriate builditgchnologies. The focus is to
empower and enable the weaker sections of the tgotie improve their living

conditions by the application of appropriate andopde-friendly technologies.
Promotion of non-commercial building practices, ethidiscourage the role of
intermediaries from the building process, is alsmwag their priorities.

For their core activities, COSTFORD is supported ttme Central Government
departments like Department of Science and Teclyyodmd the department of Rural
Development together with the department of localf &Sovernment, Government of
Kerala and Housing and Urban Development CorparafifdUDCO). For activities

such as training they get funding from the Statpddenent of Science and Technology.

5.2.3.2 Nirmithi Kendra

The devastating flood during the year 1985 anddbmsecutive rehabilitation works
connected with it in the coastal areas of Kollamstriit opened up a new era of cost-
effective and environmentally-friendly (CEEF) build technology through Nirmithi

Kendras. India's first "Nirmithi Kendra" (BuildinGentre) was set up in Kollam for
bringing out affordable solutions for housing. Amg from the success of the Nirmithi
movement in Kerala, the ministry of urban developtrand HUDCO decided to start a
national programme of setting up a net-work of ding centres through out the
country. Later in 1989, the Kerala State NirmKleindra (KESNIK) was established as
an apex body to all the District Kendras. At prégéere are now twenty eight centres
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in the State with nine centres under State GoventmEourteen under District
administration and five under the control of diffat non Governmental organizations.
These Kendras were started with the following objes.

- Technology transfer from ‘lab’ to land

- Dissemination of these technologies to the masses

- Skill up-gradation and training for artisans in dmwative and cost-effective
technology options

- Production of cost-effective building componentigdocal resources and making
these available through local sales outlets

- Construction of housing and public buildings usthg trained workforce and the
components produced by the building centres

- Provision of guidance, information and counsellingoeople on proven, innovative
and cost-effective building materials and technglogtions.

- Effective utilization of locally available buildingnaterials.

Box 5.1

Cost Effective and Environmentally Friendly teclomy} (CEEF)
(Source: Collin, 1999)

The appropriate technology propagated by the Nirmithi Kendras emphasizes cost
effectiveness and environmental friendliness in the building process and is popularly
known as Cost Effective and Environmentally Friendly (CEEF) technology. It is
distinctive in (i) the use of locally available materials, (i) minimizing the use of
energy intensive materials like cement and steel, (iii) ensuring local participation,
(iv) combining traditional architecture with modern styles and (v) designing the
building according to the lay out of land.

CEEF technology buildings in Kerala are characterised by brick masonry walls
(without plastering) with rat-trap bond or Flemish bond, filler slab roofs and pre-
cast cement concrete door/window frames. Pre-cast lintels and use of brick arches
or corbelling is a common feature of CEEF buildings. Natural ventilation in the
rooms is facilitated through artistically designed brick jalis (small openings in the
brick walls) and there by reducing the use of glass.

The organisational structure of Nirmithi Kendrasnghe form of a charitable society
registered under the Scientific and Charitable &@ms Registration Act 1955 (ACT
XIl). Their financial needs were met by tying upthvivarious training, employment
generation and rural development schemes for ptmtuof building materials and
construction of low-cost houses. Each Kendra getsinitial grant of Rs 200,000
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(roughly € 4000) the from central government thtolj DCO in addition to the state
government allotted grant and 1.5 to 2 acres raf far setting up the centre.

International recognition was accorded to Nirmikendra when the United Nations
Commission for Human Settlements at its fourteesghsion in Nairobi (May 1993)

adopted a resolution recommending governmentsttapséstitutions modelled on the

Building Centres at the national, provincial andagy root levels. Later in 1996,
Nirmithi movement was declared as a Global besttma by UNCHS at the Second
United Nations International Conference ConventonSustainable Human Settlement
which held in Istanbul.

In line with the initiatives of COSTFORD and Nitimi Kendra several other
appropriate technology organisations also cameantive involvement in the building
scenario of Kerala. Habitat Technology Group esthbd in 1987 as a charitable
agency, committed to the concept of green and hamamchitecture is a major
organisation among them.

The National Housing and Habitat Policy of 1988amaged all the state governments
to facilitate the training of construction worketsy administering development

programmes through Building Centres, and promatiegdecentralised production and
use of low-cost building materials from local resms.

The appropriate technology initiatives in Keralee drased on the assumption of
abundant supply of labour and availability of inetigus building materials. Their focus
is to create maximum employment opportunities angrbvide livelihood security to
the poor by constructing their own houses. Thesgawment of Kerala supported the AT
initiatives in the state through financial assisanand providing facilitative
environments. Most of the public housing schemesadso formulated with a concept
of utilizing the options of CEEF technology. Theamation of the public housing
schemes in Kerala (chapter 4) shows that desp#ectintinued efforts of CEEF
technology institutions in the state, the dissemndmaof these technologies to those
houseless people who are in need of affordabldisniihas not been very successful. It
clearly points towards the difficulties of the pdoouseholds in accessing affordable
technological options. These aspects urge the faedodifying the present CEEF
technology options to suit the needs of end us&walection of materials and
technologies for the building construction shoutdisy the felt needs of the user as
well as the development needs of the society, witliausing any adverse impact on
environment (Reddy et al., 2001).
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53 Popular building alternativesin Kerala

A mixed mode of construction can be seen in thdittomal buildings of Kerala. The

stonework was restricted to the plinth and laténtas used for the walls. The roof
structure in timber frame was covered with palmcoconut leaf thatching for most
buildings and rarely with tiles, only for palacestemples, till the mid of twentieth

century. The exterior of the laterite walls werther left as such, or plastered with lime
mortar. Mud construction was also one of the mashroon methods of making cost
effective and sustainable habitat in the ancientsda Kerala. Since earth or soil is
readily available everywhere, it can be utilized donstructing a very good monolithic,
sustainable structure. The indigenous adoptiorhefavailable raw materials was the
dominant feature of traditional constructions irr&la.

The natural building materials available for coustion in Kerala are stone, laterite,

timber, clay and palm or coconut leaves. Granii@ $$rong and durable building stone;
however its availability is restricted mostly teethighlands only. However, laterite is

available in most parts of Kerala. The quarryingl axtraction of these two are less
energy intensive, and it does not require mucheskilabour. So it can be used for
foundations and superstructure, in places wherg libcally available. Cement, steel,

and bricks are the other popularly used buildingemals in Kerala for the last three

decades. The CEEF technology initiatives in theestance 1980 opened up the market
for alternative materials such as ferro cementploblnd solid concrete blocks, rubble

filler blocks and most recently, for interlockintgpbks. The recent interest in promoting
traditional mud construction is a positive sign &wds sustainable building process in
Kerala.

5.3.1 Foundation and basement

The superstructure of a conventional residentidlding in Kerala with 23 cm thick
brick wall is usually constructed by keeping thellventrally over stone or laterite
masonry basement of 45 cm (both width and thickniesaormal soil conditions. The
cost-effective construction techniques promoted Uayrrie Baker put forward the
suggestion of keeping the brick wall flush with tbeter side of basement. This
arrangement can not only enhance the inside roemlaut also prevent the entry of rain
water to the foundation through the joints betweasement and wall.

Y aterite is a surface formation in tropical areahiol is enriched in iron and
aluminium and develops by intensive and long lastiveathering of the underlying
parent rock.
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According to Central Building Research InstituteB@), New Delhi, a 30 cm thick
stone foundation can be an affordable option imsteba 45 cm thick foundation,
without compromising the strength. Utilization ofichmortar instead of cement mortar
in foundation is a popular cost effective optiompidd for low rise buildings in Kerala.
Reinforcing the soil in the foundation trench witliyers of bamboo can be an
alternative foundation in places were stone is Inotlly available and bamboo is
plenty. This technology is widely practiced by CG®IRD.

Sand piles (load bearing), arch foundation and &tubdation are the other alternative
options for foundations. Arch Foundation can beeritmade of brick or stone masonry
depending on the availability of material and tbad to be transmitted. In this type of
foundation the walls are supported on arches sipgnfjom a series of square cement
concrete bases. The load from the superstructurarismitted through these arches and
distributed to the ground through the foundatiosdsa Stub foundation consists of a
series of brick or stone masonry stubs restingement concrete bases. At the plinth
level they are tied by a grade beam. Both archdation and stub foundation are labour
intensive and suitable for good soil conditions kowd rise buildings.

5.3.2  Walling or superstructure

The conventional technology for walls in Keralabiick masonry in English bonar
laterite masonry. Rat-trap bond masonry is an iatieg and popular technological
option in brick masonry introduced by Laurie Bakelt is like a cavity wall
construction and has got the following peculiasitiBecker, 1993c).

- Strength of this masonry is equivalent to stand8dam wall, but consumes 20%
less number of bricks

- Good thermal comfort due to the cavity in betwedenhiricks

- Good appearance

- The overall saving cost of this wall compared ® #3 cm conventional brick wall
is 26%

- Labour intensive technology

* English bond is made up of alternating courses trétehers and headers. This
produces a solid wall that is a full brick in width is fairly easy to be laid and is the
strongest bond for a one-brick-thick wall.
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Figure5.1 Schematic representation of rat trap bond masonry
(Source: Baker, 1993c)

CEEF technology also promoted other technologigaloaos such as stabilized mud
blocks, hollow or solid concrete blocks, Ferro catneubble filler blocks, interlocking
blocks as affordable choices for walling.

Sabilized mud blocks (SMB) — Mud, sand and appropriate stabilizer (cemetinme) is
compacted using a machine to form a building blddker twenty eight days of curing,
the stabilized mud blocks are used for wall cortétom. Major advantages of SMB are
energy efficiency (70% energy saving compared tmtbbricks), economy (20-40%
savings in cost compared to brick masonry) andspigaappearance (Reddy, 2004).

Ferro cement - Ferro cement is a composite material consistingement-sand mortar
(matrix) reinforced with layers of small diameteravmeshes. It has wide range of
application in housing as wall panels, roofing afels, tiles, trusses, door shutters, cup
boards, lintels, sunshades and water tanks. Readlability of materials, architectural
flexibility, low level production technology and tber utilisation of available human
resources are considered as the advantages ofdesnent construction.

Hollow and solid concrete blocks - These are the widely accepted CEEF technology
walling options in Kerala. As the Ferro cement prcid, these blocks can also be
produced on site without much skill and know-how.

Rubble filler blocks — This is an alternative technological option &uperstructure
prevailing in Kerala. Instead of coarse aggregatespecified sizes using in solid
concrete blocks, stone or brick ballasts of diffiereizes according to their availability
can be used. They are placed in different layetkérmould in a matrix of cement sand
mortar and compacted using a machine.
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The scarcity of timber is a major problem makin#ccessible to the poor. Hence the
present CEEF technological options in the buildimgcess in Kerala make minimum

use of it. Timber is mainly used for the door anmdew openings as shutters and
frames. Pre-cast concrete door and window frameseing used widely in Kerala as

alternative choices. According to Baker (1993akg square foot of window can cost up
to ten times the cost of the simple brick or stosad it replaces. A honey combed wall

(jally work) can be an affordable option in many of thees to replace a window.

Lintels and beams are usually made of cement ael. fery often lintel is not at all
necessary for a door or window opening up to 1.@idth. Ordinary bricks placed on
edges can also serve the purpose of a lintel inddse. Brick arch are less expensive
and more aesthetic than concrete lintels (Bake334p

Replacing lintels and beams with arches and cangels a common practise adopted
by the CEEF houses in Kerala. Brick arches calacegeams over a span of up to 4.5
m. Corbelling is also a type of arch in which onilbis slightly projected (maximum
length of projection is one fourth of the length lwick) outwards from the bottom
coarse of bricks and this arrangement is followedspan an opening. Pre-cast
reinforced concrete lintels can also be an altereaffordable option to conventional
lintel. They are usually 7.5 cm thick and 23 cndevivith 3-10 mm mild steel bars for
openings up to 1.8 m. Use of pre-cast lintel cagrsilly speeds up construction of wall,
besides eliminating the work of shuttering and degt

Mud is the most environmental friendly sustainablgélding material available in
almost all places. The CEEF technology initiatiie$erala are constantly advocating
the promotion of mud construction as an affordaddternative. Adobe or sun dried
bricks and stabilized mud blocks are the widely epted technology in mud
construction in Kerala. Most of the soils availalite Kerala are suitable for mud
construction and if otherwise stabilizers can bedufor making it suitable to the
purpose. Lime and other local materials like strasyv dung, sugar, molasses, tannic
acid, coconut oil etc can be sustainable optiorstaslizers based on availability.

5.3.3 Roofing

The scarcity of timber and the safety concerns wéhkpect to theft and natural

calamities diminished the popularity of tile roafirand promoted concrete roofing

(Table 5.1). Filler slab construction, shell rowfiand other pre-cast roofing techniques
are the popular CEEF technology options againstetkgensive reinforced concrete

slab.
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Figure5.2 Schematic representation of filler slab with M.P tiles asfiller material
(Source: Baker, 1993a)

Filler Slab — This roofing technique is more popula Kerala than any other
technological alternatives due to the economicabathges and comfort with respect to
other prevailing roofing options. They are basicalblid reinforced concrete slabs with
partial replacement of concrete in the tension amne filler material. Use of such filler
material can result in reduction in dead weightehforced concrete slab, savings in
cost as well as energy of the roof or floor systéReddy et al., 2001). In Kerala,
Mangalore pattern (M.P) roofing tiles are used camiyas the filler material.

Pre-cast concrete funicular shells, pre-cast comeibbed slab and pre-cast ‘L’ panels
are other CEEF technology option in roofing. Pretch’ panels are very economical
and do not need any shuttering.

Funicular shells are doubly curved shells under @dbBon of uniformly distributed
loads. Usual size of a funicular shell is 1m x1rd areight 65 kg. These shells can be
cast by simple masonry moulds.

Pre-cast concrete ribbed slab can be used forsfl@md roofs (flat as well as sloping) in
single and multi-storeyed buildings. This roofireghnique requires simple shuttering.
The overall saving compared to the conventionaifoeced concrete slab is 22 to 30%
(North East India Regional Databank).

Table 5.2 gives a list of alternative technologiogkions available in Kerala. Even
though there is a number of sustainable optiongadla in India, only very few are in
practice in Kerala.
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Table 5.2 Technology for different phases of cartton
Building Traditional | Conventional | Prevailing CEEF technology options
clements "I"'“."i'.ls or ;nt.erialls or Commonly used in Kerala Available in India and not popular in Kerala
7| (Presentlyin | Building Technology Building materials | Technology
use) materials
Latoblocks
Foundation | Laterite Laterite Sand Piles Sand — lime bricks Brick arch foundation
and Rubble Rubble Mud with Mud- concrete blocks | Stub foundation
Basement Concrete bamboo Steam cured lime
reinforcement stabilized bricks
Building Wood Bricks Adobe Building blocks from | Straw bale technology
blocks or Laterite Solid hollow | Stabilized mud Rat trap bond industrial and Rammed carth wall
superstruct | Mud conerete blocks. Flemish bond agricultural wastes Ferro cement wall
ure Rubble blocks Rubble filler panels
blocks
Ferro cement
Solid concrete
blocks
Hollow concrete
blocks
Interlocking
blocks
Binder Mud/ clay Cement Mud Lime or cement
Lime Lime Combination pozzolana
Gypsum mortar Stabilized mud
Cow dung (cement-lime- mortars
sand) Cement/Lime soil
morar
Roofing Wood Concrete Filler Slabs Ferro cement tiles Pre-cast brick panels
Palm leaves Tiles Funicular shells Micro concrete roofing
Thatch Aluminium Pre cast Bamboo mat (MCR)tiles
Tiles(since sheets concrete ribbed | cormugated roofing Fly ash MCR tiles
1759 only) Asbestos slab sheet Jack arch with bricks
Cement sheets Ferro cement and pre-cast RCC joists
Galvanised Channel or Corbelled brick
Iron sheets shell units pyramid
FRP sheets L Panel roofing Brick vaults and
Asphalt sheet Domes
Fal-G vault
Fibre-cement roofing
sheets and tiles
Wood or Pre cast R.C.C
Lintels or | stone lintel Brick lintels
Beams Brick Ferro cement
corbelling lintel
Brick Arches Brick
corbelling
Brick Arches
Cement plaster | Fly ash terrazzo tiles
Flooring Cow dung over brick bats
Burnt clay tiles
over brick bats
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Among them also the popularity of these alternatipéons is not gaining that much
acceptance as that of modern building practisggagslly among the poor. It may be
due to the easy availability of energy intensivédding materials and the popularity and
acceptance of modern building process. It can bBbsaoticed that these alternative
building materials are not being produced and neadgdlable on a scale comparable to
that of the modern building materials (Gopikutta@04).

5.34  Sustainable utilization of waste materials for building process

The supply of cost-effective durable building matisris one of the major problems of
technology in providing housing in developing caig# irrespective of rural or urban
areas. The establishment of high technology budldiraterial industries in the model of
developed countries can make only limited contidduto meet their immediate and
future needs (UNCHS, 1988).

Locally available waste materials can be utilized the development of sustainable
building materials and contribute in solving thi®lplem to certain extent. Fly ash, red
mud and lime sludge are the major industrial wast#iged for the building industry in
India. Fly ash or pulverised fuel ash is a wastalpct from thermal power plants where
pulverised coal is being used as fuel. Forty millimnnes of fly ash are produced
annually in India. Disposal of this waste produatiges severe environmental problems.
At the same time the potential of this materiahaslternative building material such as
bricks, blocks, Portland pozzolana cement, tilégghtiveight aggregates and hollow
blocks is excellent.

Red mud is an industrial waste produced duringptiegluction of aluminium. In India
about four million tonnes of red mud are producedually. The Building Materials
and Technology Promotion Council (BMTPC) of Indiashdeveloped different
technologies for utilization of this waste material the production of bricks, tiles,
corrugated roofing sheets and as binder for seyecaalucts like doors, panels etc. One
of the greatest technological opportunities avédlalb building material industries is
their potential to incorporate the agricultural amtlustrial wastes either as raw
materials or as fuel substitutes, thus simultangaeasiucing pollution and the need for
the extraction of new raw materials (UNCHS, 1993ble 5.3 gives a list of alternative
technologies from agricultural or industrial wasidsich are available in India.

Even though there is an active intervention byappropriate technology institutions in
the state with strong support from the governmentptomote alternate building
materials, none of these institutions are effetfivmaking use of the available
industrial or agricultural wastes in Kerala. Limadge is a waste product from sugar,
paper and fertilizer industry. It can also be méii for the production of building blocks
and Portland pozzolana cement. Red mud and lintgslare the main industrial wastes
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available in Kerala. Rice and coconut are the matjops in Kerala and hence rice husk,
rice straw and coir pith are abundantly availaldeagricultural residues. Even though
technologies are available for utilising these wash building process (coir fibre for

fibre cement roofing sheets, wall panels) as bogdilocks (straw bale technology) and
pozzolanic material (rice husk ash), they are mdt jntroduced or widely in practise in

the state.

Table 5.3 Alternative building materials

Type Of Waste Sour ce Building M aterial
(Industrial/Agricultural)

Fly ash / Pulverized fuel 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 presending practises in the state urge an
evaluation of the sustainability and affordabiliy prevailing technological options.

Alternative technologies and materials were intastli in Kerala with the primary

objective of finding affordable housing solutio&ut the present housing situation in
the state reveals that sustainability of thosermdtives has to be given more
significance than affordability alone, since nofiehe options can be affordable (in the
present as well as in the future) without beingtainable. Traditional technology in

Kerala, based on locally available materials likeod, laterite, thatch and mud has
given way to modern technology based on cemengl stad burned brick in a

comparably short period of time ranging from thitty fifty years. Even though the

modern materials are more expensive than traditiovaerials, their easy availability

and popularity made the technology more populanearaong the poor. This explains
why the CEEF technology innovations in Kerala contit compete with the modern

building process, even though they provided martyoop that were more affordable.
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54  Selection of building alter natives

The selection of sustainable technological optiwars been done in two stages. The first
stage employs the conceptual framework from chaptier a comprehensive analysis.
However, in the second stage, a grading of basitdibg materials and popular
technological options based on embodied energybbkas done. Basically the second
phase of grading plays a crucial role only when &alternative score equal points in the
first phase analysis in making the most appropiatsce.

54.1 Comprehensive analysis based on the conceptual framework

This section presents a comprehensive analysig tisenconceptual framework for the
selection of the suitable technological optionsoading to the requirements of Kerala.
Fig. 5.3 is an adaptive version of the same franmkviio the context of sustainable-
affordable building process.

Sustainable-Affordable
construction

'
' ' | :

Socio-cultural Factors Economic Factors Technological Factors Environmental
(SCF) (ECF) (TCF) Factors (ENVF)

Acceptance Infrastructure Strengtl Energy efficiency
Durability

Awareness Unskilled labour Waste management
Enabling Self help Accessibility to Reliability Reusable or
(Or decentralised materal or labou Renewable
production)

Material efficiency

Figure5.3 Conceptual framework: sustainable-affordable construction

As explained earlier (Chapter 2), all four aspeadtsustainable-affordable habitat are
closely interrelated to each other (refer Fig 218)the context of sustainable housing
development, sustainable construction can be cereidas synonym to technological
sustainability. ‘Sustainable’ refers to the geng@malperty of a material, building section
or construction that indicates whether or not dedemands are met for affecting the
air, water and soil qualities, for influencing theealth and well being of living
organisms, for use of raw materials and energy,eseh for scenic and spatial aspects,
as well as for creating waste and nuisance (Hesd@K01). This definition clearly
indicates the relation between four aspects; ssehadfecting the air, water and soil
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qualities’ and ‘scenic and spatial aspects, as agllor creating waste and nuisance’ -
refers to environmental factors (ENVF), ‘influengithe health and well being of living
organisms’ refers to both socio-cultural (SCF) asdnomic (ECF) factors, and use of
raw materials and energy implies technological (Y&well as environmental factors.

Socio-cultural Factors (SCF) - Technological innovations can be said to beasnable
only if they are accepted by the users and are fioéadeto their well-being. Proper
awareness of the technology is a factor which heipsmaking the technology
acceptable. The materials or technology, thoseitiegudecentralized production can
help in enabling the users in self building andultes local level employment and
income generation. This will improve the affordélilof the technology and make it
economically sustainable.

Economic Factors (ECF) - Technological options which demands minimum
infrastructure, basic resources and unskilled laboeguirements improves the
affordability of sustainable constructions onlyhére is enough accessibility to material
and labour.

Technological Factors (TCF) - The sustainability of technological options atkpends
on strength and durability aspects and are impbdaterions to be ensured particularly
in the case of materials those are locally produédang with this, the reliability of
technological innovations also adds to technoldgiuatainability.

Environmental Factors (ENVF) - As explained through the definition of sustaieab
construction, environmental sustainability maingfers to the quality of surrounding
habitat. Technological innovations can be saidngrenmentally sustainable only if it
either contributes to or maintain the quality ofiemnment rather than degrading it by
utilizing non-renewable resources or producing mae which are harmful to the
environment.

This analysis adopts a methodology based on therg®on that all the four factors of
sustainable-affordable construction are having kguaortance and are interdependent
to each other. Each technological alternative vemia score (two, one or zero) for each
criterion (under the four factors of sustainablfafable construction) based on a
qualitative comparison among the different altaéxest The total sustainability score of
various options are calculated as the sum of thefétors.

Tables 5.4 to 5.6 presents the analysis of prexpluilding practices in the state based
on this methodology. Different technology altermas for walling, roofing, type of
mortar and other miscellaneous practises currémtlige in Kerala are analysed.
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Walling alternatives - Table 5.4 gives an evaluation of the different imgllalternatives
prevailing in Kerala. Among the various alternasivéaterite wall masonry has the
highest value of sustainability. Hence laterite bansuggested as the most sustainable
option in places where they are locally availab#®llow and solid concrete block
masonries also have fairly good scores next toitatmasonry. Even though the CEEF
technology options like soil stabilized mud bloekwd rubble filler block had maximum
scores in technological and environmental factdtsir total sustainability is
comparatively low or nearly equal to that of hollawd solid concrete block masonry.
This is attributed to their lower scores in socidtaral factors as compared to other
alternatives. In the same way, the lowest sustdityalsalues of socio-cultural factors
and economical factors of rat-trap bond masonry pared to other brick masonry
options in Kerala making it unsustainable and wrdtible, even though it has many
technological and environmental advantages ovegratptions. These examples show
that the economical sustainability of a technolagymaterial is closely linked to the
socio-cultural factors.

Table 5.4 Sustainability analysis of prevailieghnology options for walling: Kerala

Socio-cultural Factors (SCF) Economie Factors Technological Factors Envirenmental Factors Toral
(ECF) (TCF) (ENVF) i
Technology o B 28 E '—5 =
apimior | E| 8 | 2|, |2 | 52288, |2 |s|l22]. |2 || Bl 28]||8
wang | BB |28 5 | 8|2 218|s | 2| 2|28 s £l 2| 52|2|¢
HEEEIEEEE AN EREEEE I
=|5| 22| 3
Brick 2 2|6 1002|212 (O0]6|75|2|2(|2|6 |2OO|O |1 |1 |21]33 |77
masonry
English
bond
Flemish 2.1 1|4 |68 211 |1 1|53 |2]2(|2]6 wofoj21]1 3 |50 70
bond
Rat trap ]l 012 |34 21010 24|50 22216 100112 (1 4 | 67 63
bond
Laterite 2|2 2|6 (1002 |22 1|7 |8 |2]2(2]6 100 |2 |2 (2 6 | 100 | 97
wall
Hollow 2|2 206 (1001 |2 (2 2|78 |2|2]2(6 100112 (1 4 | 67 89
concrete
block
masonry
Solid 212 2|6 (1001 |2|2 16|75 |2]12|2]|6 wofrjz21]1 4 | 67 86
concrete
block
asonry
Adobe ]l 214 |68 1122 2|7 (88 |1 |2]1 |4 |67 212]2 6 [ 100 | 81
Soil ]l 214 |68 1122 2|7 |88 |2)12])21|6 100|112 (2 5 | 83 85
stabilized
mud
blocks
(SMB)
Rubble 1|1 2|4 |68 |1 )22 2|7 |88 |2|2|2]|6 |100]1 |22 5|83 |8
filler
block
Ferro 1]l 1|3 |68 21111 2|6|75|2|2]2|6 100 | 1 1 I 3 |50 73
cement
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Roofing alternatives - Table 5.5 presents the etmno of the different roofing
alternatives. Mangalore pattern roofing tiles withoden rafters has proved to be the
most sustainable roofing option among the prewgilialternatives. The CEEF
technology alternatives like filler slab and shetiofing has comparably lower
sustainability values against their maximum scametechnological sustainability. This
owes to the lower sustainability values in socititgal factors (compared to reinforced
roofing slab), economic factors and environmengaltdrs (compared to thatch and
Mangalore pattern roofing tiles).

Table 5.5 Sustainability analysis of prevailieghinology options for roofing:
Kerala

Technology | Socio-cubural Factors Economic Factors Technological Factors Environmental Factors (ENVF)

options for (SCF) (ECF (TCF) Total

Roofing . | 5| eE|2 g seore
|8 [2 |2)25(E[4E |3 TR N T
Ak |3 |[2]5=]|=d5 g = 2| 2 tilz |5

T |5 <E|Z 3

Thatch 0122|467 |2 2|2 208100 [0 [0 ]0jO]0 ]2 1 6 | 100 |67

Palm kaves

Mangabre |1 |2 |2 [5]83 |1 2|2 LI6f7s (101 f3afso (1]2 | 4167 69

patterntiles

Aluminium/ | 1 |2 |2 [ 5|83 |1 2|2 PIef7s (101350 [0])1 2 3150 65

(il sheet

Reinforced

cement 2201|5183 |1 112 O(4]50 (2 [2 )26 100 (0f]1 0 11 63

concrete slab

Filler slab 2000|467 |1 1|1 P14[50 [2 )2 (2 (6100 |1]1 0 213 63

Shellmofing | 1 [0 |2 [3[50 |1 011 L3138 |22 (26 100 111 | 350 60

Table 5.6 presents an evaluation of miscellaneoudibg alternatives for the
sustainable choice of mortars and other CEEF tdobgooptions in the building

process.

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

Miscellaneous options - Exposed brick work with brick arches is a symbbICEEF
technology buildings in Kerala. Along with theseotwthe use of pre-cast reinforced
concrete door and window frames and filler slalfimgpis also a common feature of the
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CEEF houses. The sustainability values in socitucall factors for these alternatives
give an indication of the popularity of CEEF tecliyy in Kerala. Reinforced concrete
door and window frames are widely popular in Kerak an affordable alternative
compared to conventional wooden frames. The pdisgibf decentralised production is
also an added advantage making it affordable. Atdame time, the difficulties in
getting the expert labourers and proper know-hovouabthe other technology
alternatives over the prevailing technologies mian less acceptable and affordable
to the users.

Table 5.6 Sustainability analysis of miscellametechnology options: Kerala
Socio-cullural Factors Economic Factors Technokgical Factors (TCF) Environmental Factors
(SCF) (ECF) (ENVF) Total
= =
Miscellancous o 5 ; 5 | s
technology . # i -1 2, = | = = —~ Bl & =
opiions | 5[ 2 g |52 gls |22 g |zl 2|zl |10
= 2 o = B sla|GI FlEéleglz|=
5 B = £z =| B BlE( | 2| & zZ|E
al| g { = £ E|S|F E|l o :
3|z N EAE B4 |&]2  [®le|s|¥| &
< 2|z 2| 2
Different altermatives for binder material
Mud 0O]1[2]3]s0 2 122 2081100 |1 1 113 |50 212216 [100 |75
Lime 1 2 2|5 83 1 2] 2 1Ij6]75 2 2 2 [ 100 1 1 1] 2 33 73
Cement 21210 4]67 012]2 of 4|50 2 21216 10 o1 Jo[2]33 63
Miscellaneous CEEF technology options
Brick T 1 117467 21 [1[2([6 75 T 12206 100 [2 71 71 ]3]67 77
arches
R.C.C door 1 1 1] 3] 50 1 2 212 7 88 4 2 2 6 100 0 1 2 3 50 72
and window
frames
Exposed 1 1 1 3| 50 2 1 1]z [ 75 2 2 1 5 B3 2 1 2 5 H3 73
brick work

5.4.2  Grading of building components based on embodied energy

This part of analysis makes a grading of basic dindgl materials and popular
technological options based on embodied energytaBable housing development
requires materials and technologies which haveitepact on the environment. Human
activity has increased the levels of certain greesk gases in the atmosphere resulting
in global warming. Greenhouse gases include waipour, carbon dioxide, methane,
nitrous oxide, troposphere ozone and chlorofluatomas (CFCs). Of these gases L£O
is the most important by-product of the buildingtem&l industry. Several studies have
been done to identify and solve the implicationdoiflding materials industry on the
environment due to emission of carbon dioxide, duagpof waste materials and
excessive energy utilization during the productipmpcessing and transportation of
building materials. Construction activity contribat 17% of the carbon dioxide
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emission in India (Tiwari, 2001). The major enengiensive building materials, namely

steel and cement are readily available in all theners of the state, even though they
need to be transported over large distances frenpldice of their origin. Extensive use
of these materials can deplete the non renewalsleurees and adversely affect the
environment. At the same time it is difficult to etehe alarming housing needs by
adopting energy efficient traditional materialsredoHence there is a need for optimum
utilization of available resources and raw matsrtal produce environmentally friendly

sustainable affordable alternatives (Reddy, 2004)is necessitates the choice of
building alternatives based on embodied energy.

The total energy use during the life cycle of alding is an important concern and the
embodied energy forms a considerable part (409%)etotal energy use in low energy
residential buildings (Thormark, 2002; Chen et2001). It is the energy that is used to
extract, process, manufacture and transport bigilchaterials and components, and can
be taken as an important index on measuring theisability of building alternatives.
But the value of embodied energy for different mate varies from one country to
another depending on the source of energy useshdmufacturing. The indirect energy
use in a residential building through the energytent of the materials of construction
in India is about 3-5 GJ/of floor area, whereas the same indicator for ditef
building in Japan is 8-10 GJniThe higher value in Japan can also be attribtaetie
use of more energy intensive mechanised construetabivity (Debnath et al., 1995).
Chani et al. (2003) has calculated the embodiedggrmates (EER), i.e., the embodied
energy needed per unit area of different walliregregnts in India. Their analysis shows
that traditional bricks which are most widely uded walling in India prove to be the
worst choice with respect to energy input. The ptofiReddy and Jagadish (2001) on
embodied energy of available building alternativeBdia also gives an insight into the
selection of different building alternatives.

Among the basic building materials, aluminium is tighest energy intensive material.
Steel and cement, the most widely used buildingerras for house construction are
also energy intensive in nature. Lime pozzolanalbara better alternative to replace
cement in this respect (see Appendix 5.1, TableAll)the renewable materials and

waste products which are being used as buildirgyratives are the most sustainable
choices with respect to energy (zero energy).

The environmental suitability study for walling radals in Sri Lanka conducted by
Emmanuel says that environmental suitability i®lative phenomenon and hence it is
only possible to say that one material is eithdtebeor worse than another material
rather than finding the best material (Emmanued4)0The principle of DCBA method

for the evaluation of building materials is alse teame. Here also a comparative
analysis has been done to identify the sustainabilding materials. The letters show
how environmental friendly an alternative is. listmethod D = the normal (current or
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conventional) situation, C = correct the environtatdamage of the normal situation,
B = Limit the environmental damage to a minimum=Aautonomous situation with
little or no environmental damage (Duijvestein, 200The scope of DCBA method has
now been extended to economic and social aspecssistinability from the initial
concern on environmental aspects. The principleéP{GE’ analysis used in this
research for grading different materials based mbaaied energy is also similar to
DCBA method.

- ‘P’ refers to Poor; for highly energy intensive erédls,

- ‘A’ refers to Average; moderate energy,

- ‘G’ refers to Good; low energy, and

- 'E’refers to Excellent; for zero or minimum enengpaterial (mostly renewable).

‘PAGE’ is only used as additional check in the coeh@nsive analysis using the
framework and is only used in situations when tWteraatives carry equal scores in the
main analysis.

Table 5.7 to 5.9 shows a comparative grading déeaiht building components based
on embodied energy. The values of embodied enesgy in this grading are taken
from the works of Chani et al. (2003) and Reddgilef2001). It is disappointing to see
that the most popularly used traditional brick nmagowith cement mortar is the worst
choice in terms of embodied energy (Table 5.7).lddolconcrete block masonry
(40x20x%20) is the most appropriate selection froegrevailing alternatives.

Table 5.7 PAGE’ grading based on embodied energljfferent walling
elements
Walling elements with Embodied energy in MJ/ m?
(Dimensionsin cm) Cement Composite mortar
mortar cement: lime: sand
(2:6) 1:1:6 1:2:9
Traditional Brick 615 638 621
22.9X11.4X7.6 P P P
Modular Brick 539 562 548
20X10X10 P P P
Hollow Concrete Block 348 365 353
40X20X10 A A A
Hollow Concrete Block 193 204 195
40X20X20 G G G
Solid Concrete Block 300 312 303
30X20X15 G A A
P (Foor) — 450 MJ/rhand above A (Merage) — 300 to 450 MJfm
G (Good) — 150 to 300 MJ/nE (Excellent)- Below 150 MJ/fm
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Table 5.8 ‘PAGE’ grading based on embodied enefgiifferent roofing
elements
Embodied energy in
Roofing elements MJ/ m? PAGE grading
Energy / m?
of plan area of roof
Reinforced cement concrete slab 730 P
SMB filler slab roof 590 P
RC ribbed slab roof 491 P
Composite brick panel roof 560 P
Burnt clay brick masonry vault roof 575 P
SMB masonry vault roof 418 A
Mangalore tile roof 227 G
Ferro cement roof 158 G
P (Foor) — 450 MJ/rhand above; A_(#erage) — 300 to 450 MJ7m
G — 150 to 300 MJ/f E (BExcellent)- — Below 150 MJ/m

Table 5.8 presents a list of different roofing edeits with their PAGE grading. From
the available options, Ferro cement roof (gradds@Ghe most sustainable option with
the lowest embodied energy. Reinforced cement ebacslab is the most energy
intensive choice (grade P). Unfortunately it is gogpularly used roofing technology in
Kerala. Among the other available alternatives Maoig tile roofing (grade G) can be

suggested as a sustainable alternative.

Table 5.9 ‘PAGE’ grading based on embodied enefgiifterent types of

mortars

Type of Mortar Embodied energy in PAGE

MJI/m?® grading

Cement mortar (1:6) 1268 P

Cement mortar (1:8) 1006 P

Cement soil mortar 849 A

Cement :soil :sand (1:2:6)

Cement pozzolana mortar (1:6) 918 A

[Cement :pozzolana— .8:0.2]

Cement pozzolana mortar (1:8) 736 G

[Cement :pozzolana — 0.8:0.2]

Cement soil mortar 773 G

Cement :soil :sand (1:2:8)

Lime pozzolana mortar (1:3) 732 G

[Lime :pozzolana — 1:2]

P (Foor) - 1000 MJ/mand above, A (erage) - 800 to 1000 MJ/m

G — 500 to 800 MJ/fnand E (Ecellent)-— Below 500 MJ/fn
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Cement mortar is the most widely accepted and polyulusing technological
alternative in Kerala among the other options df #ind. But in terms of embodied
energy it is the most unsustainable choice. Taldle presents a list of different types of
mortars with their PAGE grading. Lime pozzolana maoigrade G) is the sustainable
alternative in terms of embodied energy.

55 Sustainable alter natives: specific considerationsin the context of Kerala

The results of the sustainability analysis can $eduas a guideline for the selection of
suitable technological options according to theufiadties and requirements of Kerala.

The ensuing text discusses the various factorshwbimtribute to the sustainability of

technological options in the context of Kerala.

Acceptance, awareness and feasibility of technoldgiptions can be considered as the
basic criteria for socio-cultural sustainabilityhd un-sustainability of rat-trap bond
masonry among the other brick masonry options gevedear understanding of the
importance of socio-cultural factors in sustainatelehnology. Rat-trap bond masonry
has several advantages compared to English bondt (mopular brick masonry
alternative in Kerala) masonry. But the unawareneSdechnology and the poor
acceptance make it less preferable to the users.igthe same case with filler slab; an
affordable alternative to roofing when comparedhwitte popular reinforced cement
concrete slab. This also gives an indication torétation between economic factors and
socio cultural factors. Both the above mention@thtelogies are considered to be more
cost effective than their present popular altewsti but the un-sustainability in socio-
cultural factors makes them less affordable in ficac Along with this the increasing
popularity of a few other CEEF technology altermedi (hollow or solid concrete
blocks, pre-cast door and window frames) show tigmificance of decentralised
production in enabling self-help or mutual helprtgprove the feasibility.

The relation between socio-cultural factors andorafbility of certain CEEF
technology options was explained in the previougi@e. An exception to this can be
seen in the case of locally available alternatlilesthatch and mud. Even though they
have poor acceptance and inferior image (for thatalf), their local availability in
Kerala make them economically sustainable. Thilds true with reinforced concrete
slab roofing. Filler slab roofing is consideredb® more material efficient, comfortable
and economical than reinforced concrete slab. Bptactice the poor awareness on this
technology and availability of skilled labours makkess affordable to the users.

Although most of the appropriate technology expeat$vocate labour intensive
technologies as sustainable options in less degdlegonomies, the situation in Kerala
is different. This can be clear from the less afédnility of rat-trap bond masonry. Even
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though there is a considerable saving in matesaba, this technology is found to be
economically unsustainable in Kerala due to itsolakintensive nature. Hence
sustainable construction in Kerala demands minintalbour cost and infrastructure,
unskilled labour and accessibility of resources.also demands innovations in
renewable resources to make locally available r@$ersustainable. This can be
supported by the poor technological sustainabilitythatch. Even though there are
technologies available to improve the durabilitytishitch, none of them is popular or
even known to the real users.

The evaluation of the prevailing technological adttives in Kerala points to the
importance of effective policies for the dissemimatof technological innovations to
the real users. Also the evaluation points towadsneed for innovative technological
options from renewable resources.

The following points can be taken as guidelineglierselection of new alternatives:

- Alternative technological options should be capabiebeing produced locally
using decentralised production methods and witlisation of local resources
(materials and manpower).

- The alternative technological options should be ablprove their advantages over
prevailing options within a reasonable time peri@this could help in improving
their acceptance and popularity).

- Technologies which demand minimum infrastructuceal resources and know-
how with unskilled and less labour intensive nasheuld be popularized.

- Locally produced environmentally friendly alternats in the building process
which utilize local waste materials, renewableausable 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 sability analysis on the building
options in Kerala suggests the utilization of Ibcalvailable renewable materials in the
building process. From the analysis in the previsegtion it became clear that laterite,
the locally available material, is the only presesistainable option for walling.
Although, laterite and lateritic soils cover arous@Ps of the total geographical area of
Kerala, there are places where laterite is notlavia. Hollow concrete block is the
obvious option in such places. A renewable buildittgrnative from local resources as
walling option can be a good choice for affordabtising. Suzuki et al. (1995) and
Andrew et al. (1994) have studied the implicatioofs building construction on
environment in the context of Japan and New Zealaspectively. Both agree that
construction of wooden houses has less impact ®®iivironment than with any other
type of house, since wood is a renewable resource.
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The straw bale construction (SB) might be an apate alternative in the context of
Kerala, where rice straw is available as a locateséh most of the places. Along with
rice straw, rice husk is also a waste product ftbenpaddy fields. The potential of rice
husk ash (RHA) as a cement replacement materixdellent. Utilization of both SB
and RHA in the building process will be more promgsin another way if it can
accelerate the paddy cultivation, as this is an édiate necessity in Kerala for the
balancing of local ecosystem. Declining paddy eatibn is a growing concern in the
state, as it results in many of the environmentabjgms. The area and production of
rice which was steadily increasing till the mid settes had to succumb to economic
pressure due to the promotion of cash crops likber, banana, and tapioca and also
due to the growth of the construction sector. €lfastors also support the necessity of
finding out more value added products from padeéjdf other than rice to retain the
environmental balance and protect the natural estesy.

5.5.2  Sustainability analysis for new technology options

Since straw bale construction and rice husk aslzglama are pioneers in the building
process of Kerala, the criteria used for sociowraltfactors and economic factors in the
previous section cannot be employed directly. Amaémg criteria for socio-cultural
factors, awareness of technology options can bentaks a measure only if the
technology is known to the public, but these twe purely new technology in the
context of Kerala. The same is the case with ‘abdlity of labour’ criteria in
technological factors. Acceptance of technologgi$® a criterion that is connected with
awareness. But in this analysis acceptance is meshas the ability of the technological
options to prove their advantages over prevailipgioms within a reasonable time
period.

Table 5.10 presents an evaluation of the two sedealternatives using the framework.
This has been done using the same methodology athen previous section.

Comparative values were assigned with respect éoptipular technological options
(hollow block and cement) in Kerala.

The results establish the sustainability of thdserraatives in the building process of
Kerala. The two sustainable-affordable alternativ@®posed for rural building
applications in Kerala are:

Rice husk ash (RHA) Pozzolanas - Alternative option for cement
Straw bale (SB) construction - Alternative technique for walls

However, with respect to the behavior of straw lveddls in the climate of Kerala only
limited knowledge is available. Kerala falls withihe realm of tropical climate and
dominant feature is monsoon with an average rdiofaB100 mm. Even though the
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examples of the 1938 bale mansion in Huntsvillgb&ima and a 1978 building near
Rockport, Washington (an area reported to receb@tal1900 mm of annual rain)
supports the durability of SB walls in rainy seasoit is necessary to prove the
durability and gain reliability before introducirthis technique to the public. Basic
details on straw bale construction, its advanteayed few examples of projects are

presented at the Appendix 5.2 of this chapter.

Chapter 5

Table 5.10 Sustainability analysis for new techggloptions: Kerala
Technological options Straw bale Rice Husk Ash
construction Pozzolana

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 labour 1 2
Local materials 2 2
Less labour intensive 2 2
Total score ECF 7 8
ECFin % 88 100
Technological Factors (TCF) 1 1
Strength
Durability 1 1
Reliability 1 1
TCF 3 3
TCFin % 50 50
Environmental Factor S(ENVF) 2 2
Energy
Waste management 2 2
Utilisation of renewable resources 2 2
Total score ENVF 6 6
ENVFin % 100 100
Aggr egate scor e (100) 85 88
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5.6 Conclusion

The analysis of the major technological option&arala gives a better overview on the
sustainability of the present building process he tstate. Among the present
technologies, traditional building technology wittterite walls, Mangalore pattern tile
roofing and mud mortar is found to be the mostanable technological option for
affordable housing in Kerala, where laterite isalbc available. Locally produced
hollow concrete block masonry can be suggested adt@rnative technological option
to replace laterite in other places. This choicéwitlding alternatives has been made
from the prevailing popular technologies in Keralat the same time, we could not
consider the potential of CEEF technology optidke tat-trap bond masonry, adobe,
soil stabilized mud blocks, rubble filler blockllér slab and shell roofing due to their
comparatively poor scores in socio-cultural susthility and economic sustainability.

None of the technological alternatives could beorafible in practice, if it has not
enough support and acceptance from the societyceHdissemination of technological
innovations is a must to make it acceptable, féasibd there by affordable to the users.
This can be attributed to the present inferior imaffCEEF technology against modern
or prevailing energy intensive building proces&erala.

The evaluation of present building process in kKemkso point towards the need for
alternative technological options utilizing localfyailable agricultural and industrial
wastes to replace energy intensive technology. Ioexailable materials, especially
wastes, significantly reduce the consumption ofg@pand secondary resources needed
for extraction, processing, fabrication and tramsgn. Straw bale (SB) and rice husk
ash (RHA) are promising in this regard. In Kera@aw and rice husk are abundantly
available as agricultural residues. Promoting thesealternatives in building industry
can certainly contribute in realizing the dreanigbfelter for all” and lead to sustainable
future.
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Appendix 5.1
Table 1 Embodied energy of basic buildingerials
Basic building materials Embodied energy
MJ/Kg

Aluminium 237
Structural Steel 42
Cement 5.85
Lime 5.63
Lime pozzolana 2.33
Bricks 14
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 (SB) construction: A sustainable walling option

This technique has not been introduced in Keralafaso But the ecological and

environmental significance of straw bale along with plenty availability of rice straw

in the state supports the sustainability of strae lzonstruction as an affordable option
for housing in Kerala. Straw is a viable and rengeduilding alternative, plentiful and

cheap. It is the plant structure between the comivn and the grain head. The internal
structure of a single straw is tubular, tough andontains cellulose, hemi-celluloses,
lignin and silica. It has high tensile strengthoals

Straw bale construction is basically a wall sysiamwvhich bales of straw are stacked
up, pinned together, capped by an assembly todyehdistribute the roof load and then
plastered with cement, lime, mud, or other material protect the bales. Properly
constructed and maintained, straw bale walls, itterior and interior plaster, remain
waterproof, fire resistant and pest free. Environtally, economically and in terms of

efficiency, straw bale houses offer many advantagtzsvever, careful attention to

details during and after construction is crucialoier to avoid moisture problems.
Providing proper site drainage is the most impdrtactor for longevity.

Type of bales

Bales are rectangular compressed blocks of strawnd by strings or wires. Straw
bales come in all shapes and sizes. Rectangulas lzait the only bales suitable for
building. Three string bales (585 x 405 x 1070 nmmnmon in western USA has an
average weight of 29 kg. The two string bales (46350 x 920 mm) which are
common in the rest of USA and most of the worldeasier to handle and has a weight
ranging from 15 to 19 kg.
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Figurel Three and two string bales (source: http://buildinggreen.com)
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Besides these traditionally sized bales, big jurbltes are also becoming popular.
They are basically available in two sizes. The jeabo is 1200x760x2400 mm and the
mini-jumbo is 800 mm wide and available in varidesgths and heights depending on
the bailing machine used. The jumbo bales are agpjte for bigger industrial
buildings where they show definite advantages duiaeir high load carrying capacity
of up to 1000 kg /bale for the 1200 mm wide varidtyachine handling is only possible
due to their weight. Greater stability and the biggize of jumbo bales compared to the
conventional bales favors rapid and easy constmicti

SB building techniques

Basically 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 smalléidings not taller than two stories.
The bales are stacked like bricks with the joirntsygered. Traditionally the stacked
bales are pinned by driving wooden or bamboo stakescally through the bales to

increase stability during construction. Some forinpimning is still quite common but

now mostly in a form of external bracing using womdbamboo. A roof plate bond

beam is placed on the topmost course of bales. Gdvigl beam is tied down to the
foundation using pre-inserted (under the foundatipackaging straps or heavy duty
fencing wire. The straps are tightened down togmepress the bales (roughly 4%).
The plaster adds significantly to the structurégnity of the wall system.

i f\f‘k
Figure2 Structural bales
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The straw bale wall is a structural sandwich whe plaster takes the load and the
bales act as stiffener for the plaster. In the loadring technique the bales function as a
fully load bearing wall system. It is recommendedkeep the openings for windows
and doors less than fifty percent of the total acgfarea 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 consivnoof large structures. In this case,
the structural loads are taken by the posts anthbead the framed structure and the
straw bales act as in fill material only. Prefeyatble bale walls are either placed on the
outside of the wooden P&B structure or within, thaisiplifying the construction by
avoiding complicated interfaces between the woasteucture and the bales. The bale
walls are attached to the beams to create some dbmigidity. The bale walls with
plaster finish only form the wall membrane and hevearry its self -weight only.

Figure3 Non-Sructural bales

Other building methods using straw
= Straw-clay building

Clay and water are stirred and mixed with loosepgleal straw to form a straw
reinforced clay matrix. This technique has beeniarglill in use in different countries
especially in Europe but also in other continemepending on the country the
technique has different names like cob (UK and dhdind Leichtlehm (Germany,
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Austria) etc. Earlier the mixture was packed imtdouble-sided wooden form between
heavy posts and beams of timber frame buildinge Thrrent practice is to use
lightweight wooden ladder frames thus vastly redge¢he amount of wood required.

= Mortared bales

Mortar made of Portland cement and sand is apfatdeen the straw bales. This is
plastered on the exterior and interior surfaceprtiect the bales. This technique has
now almost been discontinued because the mortatsjfdrm cold bridges between the
straw bales, result in condensation and leadsetaléitomposition of the straw bales.

= Pressed straw panels

Straw is compacted under controlled temperature @edsure. The resulting panels
can be used for walls as well as roofs. These paaet not used for exterior
applications but only for partition walls and fagilings. The application is mainly due
to the good acoustic property of the panels.

Construction and Practical issues
Humidity and Moisture

SB buildings are capable of surviving humid clinsatenly if proper attention has been
given in preventing condensation before and dukngstruction. Following points
should be noted.

- Moisture content in a bale should not exceed 15#safry weight.

- The tops of bale walls, exposed horizontal surfdeeg. window sills) and joints
with wooden frames must be carefully sealed angyded to drain off moisture.

- Extra care should be given to store and protecbébes from the field of origin to
the completion of building. Straw left in a moiagrobic environment (above 20%
moisture content) supports the growth of fungi legdo the decay of the straw.
The stacking of bales should be carefully done tevent this. Bales may be
stacked near to the place of construction on metir lumber to keep them
adequately raised by 15 to 20 cm above ground .ldéf/¢he ground is wet, the
bales must be protected from rising damp by aiplastver directly on the ground
leaving a well ventilated air gap between the bales plastic. Make the bale stack
tall and narrow rather than flat and wide to mirdenthe flat area exposed to sun
and rain and increasing the ability for good veutitin. The top of the stack should
be peaked or rounded to ease water run off.

- Ensuring the permeability of wall surfaces for pmeting condensation is an
important measure to avoid the decay of bales #aftexrs been constructed.
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The SB house built without foundation and withoxtieeior plastering with bales placed
over plastic put on the ground, near Tonasket, \Wigstn in 1984 has no apparent
deterioration of the bales. This indicates the irtgooce of drying out of bales and
breathing (Steen et al., 1994).

Fire

Plastered straw bale walls are less of a firethigk traditional timber framed walls. The
American Society for Testing and Materials firetéesonducted on plastered straw bale
wall assemblies in Albuquerque and California shawsgh resistance to flame spread
and fire resistance. ASTM E-119 fire testing in Nie\exico found that a plastered, 450
mm straw bale wall survived fire penetration in &% of two hours, after which the
flame source was discontinued; even non-plasteatsurvived for 34 minutes (EBN,
1995). The National Research Council of Canada t@sted plastered straw bales for
fire safety and found performance better than cotieeal building materials. It is
found that the plastered surface withstood tempezatof about 10£a for two hours
before developing cracks. These findings are algparted by real life experiences in
the field. Plastered straw bale structures hawwivd wild fires where wooden
buildings burned to the ground and steel meltede Dhasis for this extraordinary
performance is that straw bales hold enough aprtwide good insulation value, but
because they are compacted firmly, they do not aontsligh air to permit combustion.

Sacking and pinning

Bales of load bearing walls must be laid flat ataatlsed in running bond with each bale
overlapping the two bales beneath it. Whereas dorlnad bearing walls bales are laid
either flat or on edges. The first course of batesst be laid by impaling the bales on
vertical stakes extending from the foundation. Ofulj-length bales may be used at
corners of load bearing walls.

Advantages of Straw bale construction

Straw bale construction has several advantages othler conventional building
practices. They are discussed below.

Sgnificant savingsin energy use

Straw bales as building materials enable a sigmificeduction in energy consumption.
It can be achieved in two areas.

- Energy used to make it available as a building natéembodied energy) and

- Reducing residential energy consumption for eitieating or cooling.
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According to US department of energy report onvstbele construction, straw bale
wall exhibits more energy efficiency compared toodoframe and adobe (US
Department of Energy, 2003).

Ease and speed of construction

Compared to many other eco-friendly building tecleis, like cob and rammed earth,
straw bale construction is fast and easy. The radirantage is its lesser weight with
regard to larger unit size which allows rapid camsion with minimum infrastructure.
The finishing of the walls is labour intensive batich easier compared to cob and
rammed earth techniques.

Structural requirements

The lesser dead weight of straw bale walls compéoetthe other building techniques
necessitates minimum footings only. At the same tihey are strong enough to support
the roof structure without additional beams andtgpoStable straw bale walls are also
safe against earth quake forces.

Better insulation properties giving comfortable interior environment

Straw bale wall is superior to most conventionailding techniques in thermal
insulation (R value 50), fire resistance (90 mislitend sound insulation (55dA). The
combination of the bale mass with plastering onhbsitles, create a very effective
insulation giving good dynamic thermal behaviour.

As straw bale is a permeable material which perthi#ssmovement of air on both sides,
the quality of air inside the room can be improwwdkeeping the air fresh. Also it is
found that higher moisture retention in straw bhlemes leads to a decrease in
respiratory disease for residents (McRae, 2000).

Unskilled labor

The essential techniques and knowledge requirdouiiol a straw bale house can be
learned within a short period of time, even forsglavho have no building experience.
Owners through community workshops build most efgtraw bale buildings.

Utilization of a waste material

A large drive for the emergence of SB building B8Qs in California was to avoid the

large scale burning of waste rice straw causingrenmental problems. For every
tonne of grain harvested, about 1.35 tonnes ofgiwv remain in the field (Kadam et
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al., 2000). The search for alternative renewabi@ing materials and the problems in
waste straw disposal resulted in the current SBlution.

Adaptability of design
The adaptability of a straw bale technology alldlesibility in design.
Affordability

SB building is equally affordable to all the senSopeople due to the easy availability
of material and unskilled labour requirement.

Examples of SB buildings
First SB Building, India; Bishop Heber College- Trichy

The Center for Appropriate technology of Bishop EielCollege, Thiruchirappally in
collaboration with Au Sable Institute, USA builetfiirst straw-bale building in India in
the year 1996. This building was built as a post la@am structure with casuarina poles
wrapped on interior and exterior surfaces with weldsh. Loose paddy straw was
compacted in and was cement plastered on both. aidel thickness was 15 cm. For
roofing, casuarina poles were laid at a distanc&sofm over the weld mesh and cement
mortar was spread and plastered. The cost of emtistn of this building of 15 fof
plinth area was about Rs. 30,000 (little more tlaB600). Prof S.S. Immanuel, the
designer says that it could have been reduceddn balf the cost as this was done on
an experimental basis without much know-how.

20 13580 |
Ll ......._\.?.-_T'.“

Figure4 Construction of first SB building, Trichy, India
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Based on the experience of the first attempt, argkduilding was constructed in the
year 1998. Instead of casuarinas poles, steel wade using for that building. Pre-
compressed straw bales were used instead of hasdgnt straw and chicken mesh.
Reinforced concrete roof was constructed with 6 rimps and straw bales were
covered over the roof with chicken mesh and linzsiared.

o3
s

Figure5 Second SB building, Trichy, India

Both these SB buildings could effectively withsteamdm high flood that lasted for 1.5
days with out any problem.

Examples from the Netherlands

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

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

- Non load bearing straw bales
- Lime plastering outside

- Inner walls made of adobe

- Wooden flooring
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Figure6 SB house Ouwerkerk

Warns - This is a residential building combined with a bowadrkshop with the
following specifications.

- Strip foundation
- Non-load bearing straw bales
- Mud plaster

e 111
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-

i

Figure7 SB building in Warns (picture during construction in 2003 October)






Chapter 6

6 RICE HUSK ASH POZZOLANA

6.1 Introduction

This chapter aims to identify a sustainable affbtdalternative to replace (partially)
cement for the primary building applications inaluareas. Rice husk contains large
amounts of silica. Upon combustion of the husk.eastonsisting of amorphous silica
are formed which are targeted as a supplementangmng material on mixing with
lime or cement. This chapter discusses the pragseoti rice husk ash samples produced
from different types of field ovens to compare terformance of the ovens and to
identify the most feasible method to produce reactiozzolana. Different types of
ashes are produced and long-term strength of nisk lash pozzolanas with lime or
cement is investigated. The strength of mortarslpeed from the rice husk ash samples
from the field ovens and pozzolanic characterisb€sthe corresponding ashes are
compared with those produced from the optimum d@h in the laboratory to make a
worthwhile selection among the type of ovens.

There are various factors that govern the reagtioit rice husk ash (RHA) as a
pozzolanic material. A detailed characterizatiorrio# husk ash samples as a function
of combustion conditions has been conducted totifyethese factors, discuss the
existing controversies on the formation of crystall phases of silica during the
incineration and hence to optimize the conditiamstifie production of a pozzolanically
reactive ash from rice husk. The lab research bas hctually done to judge the results
of ash samples from the different field incineratarrangements.

Why to replace cement?

Conventional modern building materials are beydmal teach of the majority of the
world population due to their poor affordability \CHS, 1993). Besides the escalation
in the cost of building materials, rising envirommted concerns due to the extensive
exploitation of natural resources connected witmstaction and other housing
development activities urge the search for altévaaechnological options. Cement, a
vital material for construction activities, is a joracontributor to global carbon dioxide
emissions. Each tonne of Portland cement produekshses approximately the same
quantity of carbon dioxide (Worrel et al., 2001)avitonmental implications from
cement industry can be grouped under excessivegenmnsumption, emission of
greenhouse gases and dust pollution of the atmosslesides the degradation of mined
areas. The manufacturing process of cement isyhgydrgy intensive and is one of the
most energy engrossing sectors within the Indiameny. Therefore it is of particular
interest in the context of both local and globalimmmental discussions. The energy
consumption by the cement industry is estimatedbatut 2% of the global primary
energy consumption, or almost 5% of the total dlabdustrial energy consumption
(World Energy Council, 1995).
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Increased emission of greenhouse gases like me#tm@hearbon dioxide is thus a major
concern connected with the cement industry. 5%lolba carbon dioxide emissions
originate from cement production (Hendriks et 2004). According to the World
Resource Institute 4% of the total €@mission in India is from cement industries.
Cement-related greenhouse gas emissions origimate fossil fuel combustion at
cement manufacturing operations (about 40% of tithustry’s missions); transport
activities (about 5%) and the combustion of fo$s#él that is required to make the
electricity consumed during the production of cetr{@bout 5%). But the major part of
emission (about 50%) originates from the manufégurprocess that converts
limestone (CaCeg) to calcium oxide (CaO), the primary component cgment
(Humphreys et al., 2002). The dominant use of aaibtensive fuels like coal also adds
to the increase in emissions of £O

Dust emission is yet another problem related toesgnmanufacturing starting with

quarrying of raw materials to the packing of firéghproducts. The limestone mining
area spread over 600 to 1000 acres of land isadgdubjected to various operations
like drilling, blasting, crushing of limestone rétiug in heavy dust emission, along with
affecting the natural ecosystem. Besides the enmiental problems, ordinary Portland
cement is also expensive and unaffordable forgelaection of the Indian population.

Rice husk ash pozzolana; A sustainable alternative for cement

About 50% of the Portland cement used in buildirgnatruction is consumed for

primary construction applications such as masonng lastering. The strength

requirements in such building processes are ofotder of 4.0 MPa, while Portland

cement is ideally suited for applications with sggh requirements in excess of 15.0
MPa. According to Jagadish et al. (1988) pure Bodlcement mortars are stiff and
lack the plasticity that is very much needed in emag construction. Lime-pozzolana

cements can replace Portland cement in such casebetter performance. Pozzolanas
are materials containing reactive silica and/omaha, which although not cementitious
by itself, will combine chemically with lime or cemt in presence of water to form a
strong cementing material. Granulated blast furnslag, powdered bricks and tiles,
burnt clay, furnace clinker, fly-ash and agricutuwastes (plant ashes) are the
commonly used pozzolanas.

Plant ashes having high silica content are suitablpozzolanasviany plants during
their growth take up silica from the earth. Wheamplresidues are burned, organic
material is broken down and disappears as carboriddi, water vapour etc. The
remaining ash contains inorganic residues, notétidysilica. Examples are rice husk
ash, rice straw ash, bagasse ash etc. Of all @aittues, the ash of rice husks contains
the highest proportion of silica.

Rice husk is an agricultural waste, which constgudbout one fifth of the 400 million
tons of paddy produced annually world wide. Indémstitutes 22% of the world rice
production. The percentage of rice husk from riages due to growing conditions such
as season, temperature, methods of productiontidacand also on milling process. A



Rice Husk Ash Pozzolana 167

small proportion of this waste material is usedadsel, for chicken litter, or as cattle
feed but generally it presents a big disposal @mbin rice growing countries. But in
Kerala rice husk is widely used as fuel for paibgil operations in rice mills. Hence
the usage of rice husk along with utilising its Ifwalue will be a more sustainable
solution in Kerala.

Rice husk contains nearly 20% silica in hydratedogohous form. On thermal
treatment, the silica converts to cristobalite, ¢thgstalline form and which is not at all
reactive. However under controlled conditions, gohous silica with high reactivity is
produced (Mehta, 1978, Chandrasekhar, et al., 23R\ pozzolanas are produced by
blending finely ground RHA with either lime or cemteSimilar to ordinary Portland
cement paste, calcium hydroxide (Ca (@Hnd calcium silicate hydrates (C-S-H) are
the major hydration and reaction products in theARtdste. Because of the presence of
reactive silica available in RHA, the paste incogtimg RHA had lower Ca(OH)
content than ordinary Portland cement paste (Zleaiad), 1996).

This research is an attempt to develop a sustanafbbrdable alternative from rice
husk ash to replace (partially or fully) cement foe primary building applications in
Kerala. However, the economical aspects for th& prbdduction of rice husk ash could
not be considered. Along with bulk production, igéition of the fuel value of rice husk
can further improve the affordability of RHA pozaahk (Yogananda et al., 1988). It has
been suggested as the next phase of this reseaucheeding 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 834 (Stroeven et al., 1999). In the
conversion of rice husk to ash, the combustion ggeaemoves organic matter and
leaves a silica rich residue. Several studies haen done on rice husk ash to identify
the crystallization temperature and crystalline ggisaof silica (Ankara, 1976; Mehta,
1978; Yeoh et al., 1979; Ibrahim et al., 1980; Hdmea al., 1981; James et al., 1986;
Hamdan et al., 1997; Paya et al., 2001; Chandraseakhal., 2003; Nehdi et al., 2003).
The relative proportions of the forms of silicatie ash depend on both the temperature
and the duration of burning. Along with this, thendustion method is also an
important factor that governs the reactivity oerttusk ash.

There is a considerable controversy regarding engérature and duration of burning
at which the silica converts from amorphous forntigstalline during combustion of
rice husk (Bui, 2001). Up to 1972, all the reseasckvere concentrated to utilise ash
derived from uncontrolled combustion. But Mehta 18P established that a highly
reactive ash can be produced by maintaining thebostion temperature below 50D
under oxidising conditions for a relatively prol@wperiod or up to 68C provided the

" Parboiling is a hydrothermal treatment of paddgeparate rice grain.
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high temperature exposure was less than one miRutdonged heating above this
temperature may cause the material to converegat lin part) first to cristobalite and
then tridymite forms of crystalline silica. Choprtal. (1981) have reported that for an
incinerator temperature up to 700°C the silica imesmorphous form and silica crystals
grew with time of incineration. The combustion eoviment also affects the specific
surface area, so that time, temperature and emagahalso must be considered in the
pyroprocessing of rice husks to produce ash of mawi reactivity (Ankara, 1976;
Nehdi, 2003). James and Rao (1986) indicated sodlhérmal heating at a minimum of
675K (402°C) is required for complete destructiémanic matter from rice husk and
to liberate silica. On combustion, the celluloggn matrix burns away, leaving a
porous silica skeleton. On grinding, this will givery fine particles with a large surface
area. Parameters influencing the surface arealofamples are temperature, duration
of combustion and the treatment of rice husk befarming. The decrease in surface
area can be attributed to crystalline growth ane gtructure.

According to Hamad et al. (1981) ash prepared &ngerature of about 500-600°C
consists of amorphous silica. Cristobalite was aetk at 800°C and at 1150°C both
cristobalite and tridymite were present. But Yedhak (cited in Nehdi et al., 2003)
reported that silica in RHA can remain in amorphtarsn at combustion temperatures
of up to 900°C if the combustion time is less tlmare hour and crystalline silica is
produced at 1000°C with combustion time greaten thaninutes. Several researchers
had reported that crystallisation of silica caretpkace at temperatures as low as 600°C
(Cook et al., 1984; Shah et al., 1979 cited by B0Q1), 500°C (Dass, 1987 cited by
Bui, 2001), or even at 350°C with 15 hours of expes(Kapur, 1981, cited by Bui,
2001).

Yogananda and Jagadish from Indian Institute oki®m (lISc), Bangalore (1983,

1988) did several studies on the pozzolanic praggedf rice husk ashes produced by
different field incinerators. They noticed that tbag-term strength of RHA Pozzolanas
produced from field arrangements in certain cabesved a decrease in strength after
28 days. This decrease in strength of RHA pozzslamas a great concern for the
popularity of RHA in building applications. Thissgarch is an attempt to verify this

fact. The field ovens employed in this research afrthe same type as that used by
Yogananda et al., (1988) in their research.

Research approach
The research presented in this chapter has two paats.

1. Laboratory Research

The first phase of this research addresses themigption of RHA samples and
discusses parameters, which influence the reactofitthe pozzolana from rice husk
under controlled conditions in the laboratory. Theye studied by detailed
characterization of RHAs as a function of combustioonditions using X-ray
diffraction (XRD), #°Si magic-angle spinning (MAS) nuclear magnetic nesme

(NMR), chemical analyses, conductivity measuremantsmicroscopic analysis.
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2. Field Research

The second phase presents a discussion on the geampaf RHA samples from

different field ovens and recommends a feasiblehowtto produce rice husk ash
pozzolana in the normal conditions of rural envinemts. The initial phase of
laboratory research is actually needed as a pradimistep to decide the quality of
pozzolana from the field ovens. Lime reactivityttggecified by IS standards (1.S 1727-
1967), compressive strength test, particle sizelysisaare done to compare the
properties. The results of the field tests will jndged 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 Alleppeyridisof Kerala (India). Ash samples
were prepared by burning 50 g of rice husk in atfatory oven under the continuous
supply of air for different durations of burning5(dninutes to 24 hours). An initial
duration of two hours pre-heating was maintainedilincases to attain the desired
temperature. Two ash samples were collected froch ease. One sample was taken
immediately after completion of the burning procds® called “quick cooling”
(Q)).The second sample was collected after slowlgling down inside the oven (so
called “slow cooling” (S)). Testing conditions waraintained as follows.

- Temperature regimes (300°C, 500°C, 700°C, 900°C)
- Duration of burning (15 minutes, 6 hours, 12 ho@dshours)
- Nature of cooling (Quick cooling, Slow cooling)

The RHA samples produced from the laboratory urdiiéerent testing conditions are
represented with a unique designation throughoist ¢thapter for convenience. For
example RHA 500-6Q and RHA 500-6S designate the higsk ash samples produced
at a temperature of 500°C and a burning duratiosixfhours. Q and S indicate the
nature of cooling. In order to find the parametefiiencing the formation of reactive
silica the samples collected from different reginaes subjected to chemical analyses,
conductivity measurements, XRD, NMR and microscapialysis.

6.3.2 Experimental methods
6.3.2.1 Chemical analysis for loss on ignition and totétai

All samples were subjected to chemical analysisr @tinding them in an Agate mortar
for ten minutes. ASTM C 311-00 standards were dsedhe determination of loss on
ignition (LOI) and silica. The pre-weighed RHA samps kept in an oven (800°C) and
weighed again. The difference in weights is thegivebf carbon that released as £LO
The same sample (carbon removed) is taken anddbiilBlitric acid. It is then filtered

through a weighed glass fibre filter and then wadshith demineralised water. The
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filter is then dried in an oven at 105°C (whole htjgand weighed again. The weight
change is the weight of insoluble Sidotal silica, both crystalline and amorphous).

6.3.2.2 Soluble fraction of silica

Rice husk ash samples are taken, weighed in agtaadlbalance and boiled in 100 ml

of 2.5 N (10%) NaOH. The solution is then filterddough a filter paper and washed
with demineralised water. This filter is dried in aven at 800°C (2 hours), cooled and
weighed to get the weight of insoluble silica. $ddusilica remained as dissolved in the
solution.

6.3.2.3 Pozzolanic activity

The variation of electrical conductivity of a satted solution of calcium hydroxide on
dispersing with the RHA samples can be taken agasuore of the pozzolanic activity
of the samples (Luxan et al., 1989). Initially tbenductivity of calcium hydroxide
saturated solution (200 ml, 40°C) is measured.hi®3 g of RHA sample is added. The
electrical conductivity is measured after two mawutof continuous stirring. The
difference between the initial and final condudias is calculated as a measure of
pozzolanic activity. This is identified as a rapi@¢thod to evaluate the pozzolanic effect
of rice husk ash (Bui, 2001, Feng et al., 2004,i@bal., 2003).

6.3.2.4 X-ray diffraction (XRD) analysis

Two types of instruments were employed in this aede for the XRD analysis of
different RHA samples. They are (i) Philips PW 3&8ay diffraction system having a
copper tube and a nickel filter and (ii) Bruker B&ance X-ray diffraction system
operating with a 50 kV, 50 mA Cu radiation sourcedaa Philips PW1820
diffractometer. This diffractometer uses a 40 k¥, A Cu radiation source. When
silica is truly amorphous, the characteristic X-thffraction peaks of crystalline forms
of silica are absent.

6.3.2.5 Microscopic Analysis

XL 30 Philips ESEM and Jeol FESEM 6330F were usgdHe microstructure analysis
of the RHA samples.

6.3.2.6 °Si Magnetic Angle Spinning (MAS), Nuclear Magne®esonance (NMR)

s solid-state MAS NMR experiments were performadacChemagnetics Infinity 300

MHz (7.1T) and a Chemagnetics Infinity 600 MHz (#) NMR spectrometer. On the
7.1 T spectrometer a Bruker 10 mm MAS HX probe head employed, whereas a
Chemagnetics 6 mm MAS HX Apex probe was used onlthd T spectrometer.

Spectra were obtained using single pulse excitatgdng arv/2 excitation pulse (5 ug;

= 50 kHz) and a relaxation delay of 600s. For a felected samples, spin-lattice
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relaxation times Twere determined using a saturation-recovery empni. In all cases
the relaxation curves were strongly multi-exporedraind in many cases full relaxation
had not been reached after 600s. This means tha¢ saution has to be taken into
account with the quantitative interpretation of #pectra. Spinning speeds ranging from
3 kHz to 6 kHz were used in all cases fast enoogivbid spinning sidebands. Spectra
are referenced with respect to TMS usingi®% resonance in Zeolite A (89.7 ppm) as
a secondary standard. Spectra were processed atmhdeluted using the MatNMR
processing software. De-convolution of the variQuspecies in the spectrum was done
assuming Gaussian line shapes in all cases.

6.3.3 Results and discussion

6.3.3.1 Chemical analysis

Fig. 6.1 and Fig. 6.2 show the variation of theslos ignition, which is a measure for
the residual carbon content, and the percentagilsasilica, which is considered to be
related to reactivity, for the various RHA sampleBhe influence of different

incineration times, temperatures and cooling regiroan be discussed based on the
results of the chemical analyses.
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Figure 6.1 Percentage of soluble silica (PSS) &b on ignition (LOI) in quick
cooled RHA samples prepared using incineration &natpires of 300°C, 500°C, 700°C
and 900°C for durations varying from of 15 to 14ahutes (0.25 to 24 hours).
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It is noticed that burning for a short duration (#5360 minutes) was insufficient at all

temperatures to achieve complete incineration a# Husk to expel the carbon and to
produce a reactive ash. At a burning temperatur808FC this is still the case after
incineration for 24 hours. However, both burninghperatures of 500°C and 700°C
resulted in ash samples with low carbon contenthagld percentage of soluble silica at
longer durations (12 hours to 24 hours) of incitiera Finally, the RHA900 samples

showed a strong decrease in the percentage ofleddilica for longer durations. The

loss on ignition was almost nil at a temperatur@@d°C.
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Figure 6.2 Percentage of soluble silica (PSS)l &ss on ignition (LOI) in slow
cooled RHA samples prepared using incineration &natpires of 300°C, 500°C, 700°C
and 900°C for durations varying from of 15 to 14ahutes (0.25 to 24 hours).

From this we can conclude that temperatures of G0&xid 700°C are favorable for

producing reactive rice husk ashes. They showeg siemilar results for the percentage

of soluble silica at all durations of incineratiand cooling regimes. The percentage of
carbon for these samples is somewhat lower inltwe sooling regime as compared to

the quick cooling regime; in all cases these qtiastare negligible however.

6.3.3.2 Pozzolanic activity

Chemical analysis could not discriminate betweermARI0 and RHA 700 samples in
terms of optimal incineration conditions in relatido pozzolanic activity. The
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pozzolanic activity test, using the decrease irctalmal conductivity when adding a
defined amount of RHA to a saturated calcium hy#texsolution, can provide further
insight. This test is a quick measure of the re#ygtof the ash based on the presence of
amorphous silica. A large change in conductivityinterpreted as a high pozzolanic
activity (Luxan et al., 1989).

Table 6.1 Difference in the electrical conductiitymS/cm) of a saturated
solution of calcium hydroxide on adding a defineabant of the
respective RHA sample.

Samples Variation ofpozzolanic activity
S - slow cooling; Q - quick cooling
700-12S 3.2
700-12 Q 3.6
700-24 S 3.0
700-24Q 35
500-12S 5.3
500-12Q 5.4
500-24 S 5.2
500-24 Q 5.2

As shown in Table 6.1 both RHA 500 and RHA 700 sesygave large conductivity
changes which can be interpreted as good valuepdprolanic activity. RHA 500
samples consistently showed higher values thaRH#® 700 samples and demonstrates
their overall higher reactivity. On the basis otk experiments, all samples qualify as
good pozzolanas. RHA 500-12Q clearly shows the highetity.

6.3.3.3 XRD analysis

Since the above-discussed tests could not ideutiffierences in the formation of
amorphous or crystalline silica for different cogji regimes, XRD analyses were
performed for selected samples for further charaettion. An indication of the

crystallinity of the samples can be obtained frdw intensity of the narrow reflections
as compared to the broad band around 22 degr@gs (2

The broad peak of RHA500 samples (Fig. 6.3) indisahe amorphous nature of silica
at different testing conditions for this temperatusimilar results were obtained for the
RHA 700 samples (Fig. 6.4) again showing hardly amstalline reflections. For the

* According to Luxan et al., (1989) variation iretrical conductivity more than 1.2 is
referred as good pozzolana
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RHA 900-6Q (Fig. 6.5) some reasonably sharp arehs# reflections start to show up
on top of the broad amorphous background, evidgntiat at these temperatures
crystalline cristobalite starts to form. Only aftecineration at 1100°C the material
becomes highly crystalline. This is evident frong.F6.6. The XRD pattern of a RHA
1100 sample shows sharp reflections and that camssegned to cristobalite and

tridymite.
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Figure 6.3 XRD patterns of RHA 500-6Q, RHA 52Q@ &nd RHA 500-12S samples.
The broad and intense line centred 28 = 22° indicates that all samples are

amorphous.
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Figure 6.4 XRD patterns of RHA 700-12Q and RHB-IBS samples, which are still
dominated by a broad background indicating thatgbenple is amorphous
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Figure 6.5 XRD patterns of RHA 900-6Q and RHA-880samples. Sharp peeks
indicate the presence of a major crystalline frantin the samples.
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Figure 6.6  XRD pattern of an RHA1100 sample shgvwgharp lines and without

broad background indicating the crystalline naturethe sample. Two phases could be
identified being cristobalite and tridymite.
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6.3.3.4 Microscopic analysis

Fig. 6.7 shows the morphology of different RHA S#imples produced from controlled
conditions in the lab. The difference in the morplgy between RHA 500-12Q and
RHA 500-12S shows that the particle size increasgsificantly in the slow cooling
regime as compared to quick cooling.

Figure 6.7 FESEM (Field Emission Scanning ElectMicroscopy) images for RHA

samples burnt at 500°C but differing in cooling gedure. Slow cooling samples were
left in the oven to cool down whereas quickly cdaddamples were directly removed
from the oven. Slow cooling clearly leads to largenticle size indicating a more

condensed structure.
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Care has to be taken in interpreting particle sizeerms of reactive surface. It cannot
be interpreted in terms of crystallinity, howeuerfact we do not observe particles with
a specific morphology that could be related to aiartrystalline fractions. The same
was true for the RHA 700 samples. During incineratexpelling the carbon fraction
and silica condensation are competing processeshvibad to the formation of porous
particles which can have very high internal surface

6.3.3.5 2°Si MAS NMR

Although XRD and FESEM give some insight in thestajlinity of the samples, they
cannot provide information about the compositiom apactivity of the amorphous
fraction of the RHAs?Si Solid-state NMR is well suited to provide thisight as it
probes the local structure of a silicon atom anesduot rely on long-range order in the
samples. In silica?’Si chemical shifts depend on the degree of condiensaf the SiQ
tetrahedral in the material. Assignment of the peaf silicates is done on the basis of
the second coordination sphere of silicon (Engelhat al., 1987) using the "Q
nomenclature. Here ‘n’ designates the number okaite bonds a certain silicon atom
is participating in. Through these siloxane bondsilieaon atom can be bonded to a
maximum of four other silicon nuclei. As each o&tly' species have a distinctive
chemical shif®®Si NMR can give information about the degree ofdmmsation of a
silica network.

RHA500-6Q RHAS“mA RHAT00-6Q z\
- uj\\ "
7 AV ey il

70 -80 90 -100 -110 -120 -130 -140 -70 -80 90 -100 -10 -120 -130 -140 70 -80 90 -100 -110 -120 -130 -140
ppm ppm ppm

(@) (b) (c)

Figure 6.8 °Si MAS NMR spectra for RHA samples burnt at differemperatures for
varying time. a) RHA sample burnt at 500°C for @tsoand cooled quickly (RHA 500-
6Q). b) RHA 500-12Q and c) RHA 700-6Q. All speetr@a dominated by a strong and
broad resonance at -111 ppm assigned to Q4 branithesndensed amorphous silica.
A shoulder is present at -102 ppm indicating thesence of silanol ¥sites. For the
RHA 500-12Q samples the largest amount of silaite$ sre found which are related
to the reactivity of the samples.
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Within each Q species the exact chemical shift e#adlepends on the Si-O-Si bond
angles. This also allows one to get insight in trgstallinity of the materials.
Crystalline samples are characterized by well-éefibond angles which are reflected
in narrow NMR resonances, whereas amorphous samgles characterized by
distributions in bond angles in general leadinptoad Gaussian line shapes (Dupree et
al., 2000; Pettifer et al., 1988).

Fig. 6.8 shows thé’Si MAS NMR spectra of RHA 500-6Q, RHA 500-12Q anHR
700-6Q samples. The spectra of the samples preré&®d0°C and 700°C are all
dominated by a peak at approximately —111 ppm wigmall shoulder at —102 ppm.
From this we conclude that we have a very dengmsl network mostly consisting of
Q* branches with a small amount (varying between 3 21%) of Q sites from
terminating silanol groups. These silanol groups e only reactive groups in the
silica and can thus be held responsible for theg@anic activity of the materials if they
are accessible. The lines have very broad Gaudsienshapes with a width of
approximately 10 ppm for the“@ites and about 6 ppm for thé §tes, indicating that
the network is mostly amorphous with a large vaiatn Si-O-Si bond angles (Dupree
et al., 2000; Pettifer et al., 1988).

None of the spectra of the samples burnt at 500°@06°C show the presence of any
significant amount of crystalline material in limgth the XRD observations and an
early study of rice husk ashes by Hamdan et al9{19The situation changes at a
temperature of 900°C, for these samples a relgtimarrow line (FWHH ~3 ppm)
appears at -111 ppm, on top of the broad amorpresmances, that is assigned to the
formation of cristobalite on the basis of the XRBtal Treatment at an even higher
temperature of 1100°C significantly changes thecspen (Fig. 6.9) with narrow lines
(FWHH 1 ppm) at -110 ppm and -112 ppm (FWHH 3.5 pprdicating that the sample
mostly consists of a mixture of cristobalite andymite (Dupree et al., 2000), in line
with the XRD observations.

Table 6.2 summarizes the results of the spect@mi®lution of the variou8’Si MAS
NMR of a series of RHA samples. The line shape asmimed to be purely Gaussian
for all resonances in the amorphous phase. Ofcudatiinterest is the fraction of silanol
species (@) present in the amorphous material as this isghbio be related to the
reactivity of the samples and their pozzolanic prtips. The percentage of Gites in
the RHA 500-6Q and RHA 500-6S samples is 10% ande$ectively. This indicates
that the condensation reactions in the ashes agrgwsing during the cooling process
leading to a more condensed network with less eerfites for the slowly cooling
samples. An intriguing observation is that the amioaf silanol groups increases by
increasing the incineration time to 12 hours to 249d 12% for the samples RHA 500-
12Q and RHA 500-12S respectively. This is in linghwan earlier investigation of
Ibrahim and Hemaly (1988) who reported a continuiogsease in the specific surface
area and pore volume in RHA samples produced atGQ@Gth increasing burning
duration up to 12 hours. Almost constant valueBBT surface area and pore volume
were reported when the duration was increased ft@vhours to 24 hours. From
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saturation-recovery experiments the slowest retpxdomponent in these materials is
estimated to have a,; of ~200s showing that a quantitative analysishef $pectra is
valid in this case.

—

RHA1100

70 80 -90 -100 -110 -120 -130 -140
ppm

Figure 6.9 2Si MAS NMR spectrum of RHA 1100. The relativelyavatines at -110
and -112 ppm indicates the presence of crystatiimgobalite and trydimite (Dupree et
al., 2000)

Moving to a higher burning temperature of 700°C #meount of silanol species goes
down to 6% and 3% for the RHA 700-6Q and RHA 700s&81ples respectively. This
is in line with the expectation that a higher bomitemperature leads to faster
condensation and therefore a denser network wih kurface sites. Again a slow
cooling process leads to a further reduction ofditenol sites. It should be noted that
we observed a significant increase in the spiieltielaxation time for these samples to
a point that quantitative evaluation of the spedrao longer fully warranted. Due to
the mobility and coupling to protons, the relaxatibme of the silanol groups is
expected to be shorter than for théses in the core of a particle. This means that t
amount of G sites could actually be lower than the estimationsthe basis of the
spectral de-convolution. Most likely the’ Gites in the core of the particles will relax
through spin-diffusion to the surface where silagmdups and possible paramagnetic
impurities act as a relaxation sink. So the ineeaaseffective T indicates that at higher
temperature the inner and/or outer surface of iliea particles are reduced with less
fast relaxing sites in the vicinity of many §pecies.
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Table 6.2 Details of de-convolution showing the kppasition in ppm relative
to TMS, the integrated peak area (in arbitraryssatu), and the Full
Width at Half Height (FWHH) in ppm for the%@nd { resonances
observed in thé°Si MAS NMR spectra of various RHA samples. For
the RHA 900 a second “Qesonance is observed assigned to the
appearance of crystalline material.

RHA 500- 500- 500- 500- 700- 700- 900- 900-
Samples 6Q 6S 12Q 12S 6Q 6S 6Q 6S
Q3
Peak Pos.
(ppm) -102.1 -101 -103.4 -102.4 -102/6 -104.7 -30B.-103.1
Peak Area
(a.u.) 7.6 4.7 40.4 21.0 3.0 2.4 2.5 0.9
FWHH
(ppm) 6.5 6 104 7.5 6.7 5.6 6.6 7.4
Q4
Peak Pos.
(ppm) -110.9| -110.2f -111.1 -112p  -111)4  -111.2 181 -112.2
Peak Area
(a.u.) 65.4 75.0 156.1 156.4 454 76.8 32|18 24.5
FWHH
(ppm) 9.8 10.6 10 10 10 11.7 8.3 8.9

Q® (%) 10 6 21 12 6 3 7 1
Q4

Peak Pos.
(ppm) -111.1|  -111.3
Peak Area
(a.u.) 6.4 12.7
FWHH
(ppm) 2.5 3.1

Going to even higher burning temperature of 900%oliserve the first formation of

crystalline material, although the majority of thaterial is still amorphous. In the RHA

900-6Q sample there is still a reasonable amouggulimit 7%) of G species present

in the amorphous fraction of the sample. Agairhddd be noted that this amount is an
estimated upper limit in this case as the spinelattelaxation times of this condensed
material becomes prohibitively long to obtain fuljyantitative data.

In summary, the NMR data give direct access totifieation of the reactive sites in the
RHA samples. Spectral de-convolution of the speckearly identifies the RHA 500-
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12Q sample as having the highest amount of silgnoups present in the sample
making it the favorable sample as pozzolanic ceradditive.

The optimization of RHA samples at different cotigd laboratory environments was
done in order to compare the properties of thesashples from a rather uncontrolled
environment in the field. The results of the inigetions in the first phase indicated the
reactivity of samples burnt at 500°C or 700°C. Tihsight helped in the second phase
of further research on field ovens.

6.4 Field research: Investigation on performance of filel ovens

For rural building applications, sophisticated ovemd techniques are not feasible and
affordable to maintain the controlled conditionghe lab. This part of the experimental
technical research was carried out to identify #iordable incinerator to produce
reactive pozzolana for rural building applicationd<erala. It deals with the production
and analysis of rice husk ash samples from diftetygres of field ovens. Ash samples
are subjected to various tests to determine thanpeters (amorphous silica content,
loss on ignition and particle size distributionhjeh decide the pozzolanic activity. The
long-term strength of the lime/cement pozzolanatangoroduced from these samples
are compared with that of a reference sample pextlat optimised conditions in the
lab and also with the pozzolana mortar of wastefish parboiling operation of paddy.

6.4.1 Types of field ovens

The performance of three types of field ovens {#9. the annular kiln enclosure, (B)
the rectangular brick oven and (C) the pit oveneniavestigated. The rice husk ashes
produced are indicated as RHA A, RHA B and RHA C.

A. Annular oven - An annular enclosure with a heigh®.® m, consisting of two co-
axial hollow cylinders (open at the top) are madih weld meshes (Fig. 6.10). The
inner cylinder has a diameter of 0.27 m and anrocygnder with a diameter of
0.75 m. The base and exterior of this arrangengptatected with an extra layer
of chicken mesh to prevent the escape of ash samRlee husk is filled in the
annular portion between the two cylinders. Thisagement can be kept elevated
from the ground using bricks so as to apply heanfthe bottom. Temperature is
measured at different parts of the sample usiregrgérature probe. It took almost
nine hours for complete burning. RHA samples waiected (RHA A) after the
complete cooling of ash samples.

" Nair, D.G., Jagadish, K.S., Fraaij, A., 2006. Re@cpozzolanas from rice husk ash:
An alternative to cement for rural housing, Cemami Concrete Researd36 (6), pp.
1062-71.
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Figure 6.10 Plan, section (i) and picture (ify@nnular kiln enclosure for burning rice
husk

Figure 6.11 Brick kiln enclosure for burning ribeisk
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Figure 6.12 Plan and front elevation of the bridk enclosure for burning rice husk

B. Rectangular brick ovenA rectangular enclosur.95 m x 0.6 m x 0.9 m) as
shown in the picture (Fig. 6.11, Fig. 6.12)igilt with bricks having a number of
small openings in the body of the enclosure tovallo smooth flow of air. It is
filled with rice husk and burning of the samplesisirted from the top, slowly
progressing towards the bottom. The burning proeess slow compared to the
annular enclosure and it took almost three daysc@onplete burning. The ash
samples collected from this oven is denoted as BHA

C. Pit burning A pit of 1 m diameter and depth is dug in the gib(Rig. 6.13) and
filled with rice husk. The burning of rice husk walfowed to take place from the

|<—(D 1m—

N

Figure 6.13 Arrangement for pit burning
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top surface in the same manner as in the rectangualdosure. Burning proceeded
from the top surface slowly downwards. It took afhone week for the complete
burning and simultaneous cooling of the sample. dste samples collected from this
burning arrangement is denoted as RHA C.

The ash samples were checked with a temperatute gharing the burning process to
for identifying the maximum temperature and it wiasind to varying from 500 to
600°C in all the cases. Also the three RHA samples wetlected after one week from
the initial date of burning to keep consistencye ferformance of the three rice husk
ashes A, B and C were compared with ashes prodndéed laboratory (reference RHA
D) and waste ash obtained from parboiling operatiogpaddy (RHA E).

D. Laboratory oven - RHA D is the reference sample ARE2S) made at controlled
conditions in the lab using a muffle furnace wittnttnuous supply of air. Ash
samples of 500 g were used for each burning operadifter keeping the rice husk
in a porcelain container, the oven was switchedaoa an initial duration of two
hours was given to reach the desired temperatu®0GiC. The oven was then
maintained at this temperature for 12 hours. Afierhours of heating, the oven
was switched off (maintaining the air supply) amgbkclosed for another 24 hours
and samples were collected (after complete coaling)

E. RHA E- This is the waste ash collected from a faxgory where rice husk is being
used as the fuel for the parboiling operation afdya

The ash samples collected from different sources(B) were subjected to grinding in
a ball mill for sixty minutes and the powder thugained was used for further tests. As
these ashes are supposed to be produced in the emwaonments for practical
applications, no limits of fineness were prescrilfed final samples and instead the
duration of grinding was maintained constant foittad samples for keeping uniformity
in the procedure.

6.4.2  Experimental methods
6.4.2.1 Chemical analysis for loss on ignition antlible fraction of silica

The different RHA samples were subjected to chelndoalysis for amorphous silica
and loss on ignition in the same manner as thahefsamples from the laboratory
studies. The results are compared in Table 6.3-&nd.14.
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Figure 6.14 Percentage of soluble silica fractemd loss of ignition in different RHA
samples

RHA A from the annular kiln enclosure has the hijtpercentage of soluble fraction of
silica compared to the other samples. But the eafsg sample (RHA D) has the lowest
carbon content.

Table 6.3 Properties of different rice husk aghpgas from the field ovens
Type of Percentage | Percentage | Variation in
oven or SiO, | of soluble of soluble Electrical

Samples source of | Colour | LOI Total | Silicain ash| silicain Conductivity
sample total Si Q (Pozzolanicity)
% % % % mS/cm
RHAA | Annular o Light ) 4501 g5 67.7 82.6 26
oven Grey
RHA B Brick oven Light 12.1 85 61.8 72.7 2.6
Grey
RHAC Pit burning Grey 15.3 82 27 329 2.1
RHAD | Laboratory| Light | g0 | gg g 61.1 69 3.9
oven grey
Waste ash
RHAE from Black 205 | 76.7 35.9 46.8 1
parboiling

6.4.2.2 Pozzolanic activity

Table 6.3 gives the pozzolanic activity of differ&HA samples. The reference sample
(RHA D) has the highest value of pozzolanic aggivand waste ash (RHA E) has the
lowest value. Among the field samples RHA A hastilghest value.
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6.4.2.3 XRD analysis

Fig. 6.15 to Fig. 6.17 show the XRD patterns ofetént rice husk ash samples RHA A,
B, C,DandE.
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Figure 6.15 XRD of RHA A, RHA B and RHA C (Feddhples). Peaks of crystalline
fractions in the XRD pattern of RHA B and RHA Cvisible. RHA A is purely

amorphous. (Absence of amorphous humps and differeh this XRD pattern from
other pictures is due to the background subtractbthe data)
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Figure 6.16 XRD of the reference si@nRHA 500-12 S (RHA D)
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Figure 6.17 XRD of RHA E (Fuel waste), sharp pestiowing the crystalline nature
of the sample

Only cristobalite could be detected in RHA A. ThRIX analysis of RHA B, C, D and
E showed the peaks of quartz also. Also the XREepabf RHA C and E indicate the
presence of crystalline silica in excess of othdARBamples.

6.4.2.4 Particle size analysis
Table 6.4 and Fig. 6.18 give the details of pagtisize analysis. These measurements

were done by Laser diffraction with the Malvern Kasizer S, 300RF lens and a
sample presentation unit.

Table 6.4 Particle size distribution (in um) offelient RHA samples
RHA Samples Type of Z\;?q:p?er source of D10 D50 D90
RHA.A Annular oven 7.3 40.9 152
RHA.B Brick oven 9.1 47.3 171
RHA.C Pit burning 7.1 44.5 320
RHA.D Laboratory oven 3.7 18.9 60.7
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The ash samples were made wet with a non-ionicastanit and dispersed in
demineralised water. They stayed stable for sevanalites. When ultrasonic effect is
applied, the distribution became much smaller. phecentage of large particles was
less in RHA D compared to A and B, whereas RHA Gwstd higher percentage of
coarse particles (with D 90 = 320 um, i.e. 90%atiples smaller than 320 pum).
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Figure 6.18 Particle size distributions of difat RHA samples

The unimodal distribution of A, B and D samplesg(Fb6.18) corresponds to the
homogeneity of ashes whereas the bimodal distohutof RHA C shows the

heterogeneous nature of RHA C. Among the four samplbjected for particle size
analysis RHA D showed a higher percentage of firagticles. Within the field samples,
rice husk ash samples from the annular oven sholeéinest 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 wetermined by nitrogen adsorption
using the Quanta chrome Autosorb-6B analyzer. TES EBrunauer, Emmett and
Teller) method provides a combined surface areaevdbr both inter-particle area
(surface inside pores) and intra-particle area @tmnacture and outer surface of the
particles). Table 6.5 shows the specific surfacma avf different RHA samples. The
reference sample (D) has a higher surface areatlilediield burnt samples.
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Table 6.5 BET surface area of different RHA sample
RHA Samples Type of oven or source of sample BET (S ;';r/z():e area
RHA.A Annular oven 63%
RHA.B Brick oven 654
RHA.C Pit burning 434
RHA.D Laboratory oven 118k

6.4.2.6 Lime reactivity test

This test has been recognised as a standard mbthb&.1727-1967 for determining
the reactivity of the pozzolanic material (RHA) ihydrated lime. Lime reactivity is
represented by the compressive strength of stancartar test cubes prepared and
tested under specific conditions. The dry materaflstandard test mortar of lime-
pozzolana-sand in the different proportions (bygh&i is tested. Lime and ash is
weighed and inter-ground in a ball mill (for 60 mies) just before making the mortar.
Cube specimens of 40 mm sizge moulded according to I.S 1727-1967 specifioeti
After covering the surface of the specimen in theultt with a smooth and greased
glass plate, it is kept in a moist room at a terapge of 22C for 48 hours. Then the
specimens are removed from the mould and cure@%tt® 100% relative humidity for
a period of 8 days at 50 +°Q in an incubator. After curing for eight days, the
specimens were taken out of the oven and testeddimpressive strength. Since the
specimens were kept exposed to the air only féwoat sluration, risk of carbonation can
be neglected.

' The test specimens used are 40 mm cubes insteéhd 56 mm cubes as specified by
1.S.1727-1967
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Table 6.6 Lime reactivity of different RHA samplegpressed by eight days
average compressive strength
Sample Type of oven or Mix* Average compressive strength if
source of sample Lime-Ash-Sand eight days (N/mr)

RHA A Annular oven 1:3:12 11.0

RHA B Brick oven 1:3:12 7.8

RHAC Pit burning 1:3:12 5.4

RHA D Laboratory oven 1:3:12 13.4

6.4.2.7 Long term compressive strength

Lime-RHA and cement-RHA mortars in 1:3 proportighyg weight) were prepared for
different proportions of lime-RHA and cement-RHA naiinations. 40 mm cube
specimens were prepared in the same manner asothiine reactivity test and

compressive strength was measured after a curirigdpef seven days to one year
according to ASTM C 311- 00 standards.
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Figure 6.19 Long-term compressive strengthroéli RHA - sand mortars (1:1:6)

* Water content in percentage by weight of lime asklis 0.76
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X1, X5, Xzand X, series corresponds to 1:1:6, 1:3:12, 3:1:12 aadZroportions of
lime or cement: RHA: sand and the letter ‘X’ demsote different RHA samples. Fig.
6.19 and Fig. 6.20 show the evolution of the cormsgine strength of different Lime-
RHA mortars during a period of one year. In all thertars, a gain in strength with time
can be seen (Appendix 6.1).
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Figure 6.20 Long-term compressive strengthro&l-RHA- sand mortar (1:3:12)
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Figure 6.21 Influence of ash content on the amsgive strength (180 days) of lime-
RHA mortars of different proportions
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The percentage of rice husk ash in the total powashn + lime or cement) has also a
significant influence in the strength of the mortgig. 6.21 illustrates this. It can be
seen that the series, X1:3:12) with the highest ash-lime ratio is havitng highest
compressive strength.

6.4.3 Results and Discussion
6.4.3.1 Chemical analysis

Table 6.3 and Fig. 6.14 give the variation of stdubilica and carbon content in
different RHA samples. The influence of differergating arrangements and burning
duration can be discussed on the basis of thetsesuthemical analysis.

Among the field samples RHA A from the annular owgawve better results with
minimum carbon content (LOI) and maximum percentafjsoluble silica. LOI was

ranging from RHA A to RHA C in the order of RHA ARHA B < RHA C and soluble

silica as RHA A > RHA B > RHA C. In both cases RKAthe ash sample from the pit
burning gave inferior results compared to RHA A @&drhis variation in soluble silica
and carbon content can be due to the longer darafidurning and limited air flow in

the case of pit burning compared to the other twangements.
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Figure 6.22 Influence of carbon on the 28 day pessive strength of different Lime-
RHA mortars

Fig. 6.22 and Fig. 6.23 show the variation in cossgive strength of different Lime-
RHA samples (with the water-binder ratio of 0.78)moss on ignition and total silica
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in the ash. It confirms the negative influence afbon in the compressive strength of
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corresponding mortars for three different mix cosipons of the field samples.
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Figure 6.23 Influence of soluble silica in théhas the 28 day compressive strength of

different Lime - RHA mortars

The quick burning and plenty air flow in the cadeamnular enclosure due to its
peculiar shape and bottom firing favored betteultesof RHA A. This factor can be

confirmed from the case of RHA E with uncontrollaatning. It had a lower percentage
of soluble silica and highest percentage of LOIlut Bhe reference sample RHA D,
produced from the controlled conditions in the &iowed the results of least carbon
content among the samples and higher percentaganofphous silica compared to
RHA C and E. The color of the samples also givemditation of carbon content.

6.4.3.2 Pozzolanic activity

The variation in electrical conductivity of satwedt calcium hydroxide solution on
adding the pozzolanic material can be taken asiekqueasure of the pozzolanic
activity of RHA samples. It is based on the condbpt the active constituents of the
pozzolanic material will react with calcium hydrdgi leading to a decrease in
concentration of G4 and hence to a decrease in electrical conductiVaple 6.3 gives
the different properties of RHA samples. Among tbsted RHA samples, pozzolanic
activity decreases from the reference sample (RHAoxhe fuel ash (RHA E) in the
order RHA D > RHA A > RHA B > RHA C > RHA E, in theame order as the loss on
ignition (Fig. 6.24).
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Figure 6.24 Influence of loss on ignition on tezzolanic activity of different RHA
samples, pozzolanic activity expressed as a varidti electrical conductivity
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Figure 6.25 Influence of soluble silica in thezpolanic activity of different RHA
samples

The field samples showed a variation in the redgtin the same order as that of
soluble silica and LOI from RHA A to RHA C. HowayeRHA D showed a higher
value of pozzolanic activity than RHA A and RHA Byen though it had a lower
percentage of soluble silica (Fig. 6.25). This ¢enattributed to the extremely low
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value of the loss on ignition for RHA D. The saméuence could also be noticed in
the cases of RHA C and E. Even though both solshbiea and carbon content are
deciding factors on the reactivity of RHA pozzolatiese results show the significance
of carbon content in the pozzolanic activity.
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Figure 6.26 Relation between conductivity and pmssive strength of different RHA
mortars

As illustrated by Fig. 6.26, the pozzolanic actiwif different RHA samples explained
by the changes in the electrical conductivity gimeclear indication of the variation in
compressive strength of different mortars in acaoo#® with the pozzolanicity of
corresponding ashes.

6.4.3.3 XRD analysis

XRD analysis also shows consistent results withctiemical analysis. XRD patterns of
RHA A and RHA B shows the amorphous nature of sespihereas the peaks of
quartz could be detected in the other samples.pfésence of quartz in RHA C can be
due to the longer duration of burning or can alscatiributed to the contamination of
sand particles from the pit. The uncontrolled bognof 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 siZgsadicles in the tested RHA samples.
It shows the same variation as that of pozzolaaivity from RHA D to C with RHA
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D having the higher percentage of smaller partickég. 6.18 shows the particle size
distribution of different samples. It clarifies theesence of coarse particles (D 90 = 320
pm) in RHA C compared to RHA B (D 90 = 171 um) &idA A (D 90 = 152um).
Higher concentration of comparatively smaller pdes in RHA D (D 90 = 60.7 um)
explains the higher reactivity of the reference gl@mAlso the field samples showed
consistent results in the particle size with thactiwity of ash samples. These results
also confirm the excellence of annular enclosurd ARA) compared to the other two
field arrangements.

6.4.3.5 BET analysis for surface area

The BET results of all the samples vary in the sangier as that of pozzolanic activity,
as expected. Fig. 6.27 shows the influence of fipesurface area on the 180 day
compressive strength of different Lime-RHA sampléth the same water-powder ratio
(0.76). RHA D, having the higher specific surfaceaa gave the highest compressive
strength in 1:3:12 proportion of lime - RHA mortar.
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Figure 6.27 Influence of Specific surface amnedhie Long term (180 day) compressive
strength of different lime - RHA mortars

Compressive strength of mortars from other RHA damplso showed a variation in
the same way with respect to the specific surfasa.aSince all the samples are
subjected to grinding with the same conditions, lilgher specific surface area of the
reference sample (RHA D) can be attributed to tirolled conditions of burning. The
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higher surface area of RHA increases its pozzoladiwity (Feng et al., 2004). Hence
the higher surface area of the RHA D compared lieratamples can also be attributed
to the higher strength gain. According to James Rad temperature and duration of
incineration are important parameters which infeethe specific surface area (James
and Rao, 1986). The annular oven took only a coatpaty short duration of burning
and cooling compared to the other two field arrangets. This supports the variation in
specific surface area of the field samples and dbaesponding variation in the
compressive strength of mortars (Fig. 6.27). Haheegrinding efficiency is apparently
not the same for different ashes with differenttipkr size and surface area (Table 6.4
and Table 6.5). Also the specific surface areaia# husk ash is mainly controlled by
pore structure and hence collapse of the poresr@sllilt in a decrease in surface area.
Therefore, grinding of RHA will not influence theEB values, until it reaches certain
fineness (Bui, 2001).

6.4.3.6 Lime reactivity and compressive strength

The lime reactivity test is considered as a quickasure of the reactivity of RHA
pozzolanas. The tested RHA samples were showiregredse in strength from RHA D
to RHA C as shown in Fig. 6.28. Similar variatiooutd also be noticed in the
compressive strength of RHA-lime mortar.
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Figure 6.28 Influence of water-binder (water-p@r)dratio on the compressive
strength (28 day) of different Cement- RHA mortars

According to Paya et al. (2001) the reactivity oHAR with lime depends on a
combination of two factors, i.e. its non crystadlisilica content and specific surface
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area. But the variation in compressive strengtiRbBfA—lime pozzolanas in different
proportions also confirms the influence of carbomtent (with RHA D giving higher
strength) along with the other two parameters.thd mixes showed a strength gain
during the period of one year. Field burnt samgleswed a decrease in strength from
mortars with RHA A to RHA C with lime mortar.

However the variation in the compressive strengthscement-RHA mortars from
different ashes was not that consistent as in Rk mortars. This can be mainly due
to the different water-powder ratios. This variatio water content in different mortars
was guided by the loss on ignition of the corresiilogp RHA samples and ash content.
The influence of water-powder ratio in the compresstrength of cement-RHA mortar
can be well explained by Fig. 6.28. The coarsereatfilarge sized particles of RHA C
provided a satisfactory gradation of fine partictexl lead to a dense mix. The filler
effect of smaller particles in the mix dominateg fhozzolanic effects in this case
(Gemma Rodry’guez de Sensale, 2006).

From the analysis of different RHA samples, itafirmed that ash samples produced
at controlled conditions in the lab resulted in enpozzolanically reactive ash than the
field samples. This can be attributed to the minmimass on ignition and higher surface
area of the samples from the controlled conditidfresence of un-burnt carbon can
adversely affect the reactivity of ash even thoiigghrich in amorphous silica. Ensuring
ample supply of air is hence necessary for reduttiegcarbon content of ashes. Hence
the duration and type of incineration are importgrdrameters, influencing the
performance of field ovens. The comparisons onpttoperties of field ashes confirm
the significance of annular enclosure over therote field ovens.

6.5 Conclusions

This experimental technical research was an inyattin for identifying an affordable
and feasible method to produce a pozzolanicallgtiea RHA for building applications
in rural areas. The first phase of this researchegan insight into the optimized
conditions for getting the most reactive ash frdm taboratory environment. Since
these controlled conditions are not feasible utiizthe limited infrastructure of rural
environments, three types of field burning arrangets were tried in the latter phase to
get a pozzolanically reactive ash. The propertiessh samples from these field burning
arrangements were investigated and compared wittfeaence 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 I@sn conducted to identify the
optimum conditions for producing a reactive ashrfngce husk. The amount of soluble
silica and loss on ignition in the different RHAngales showed that incineration at
300°C is unsuitable, as not all carbon is expefiein the samples. It furthermore
indicated the reactivity of samples burnt at 5066G00°C. This agrees with the earlier
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investigations of Mehta (1978) and Hamad et al.8(39who have identified the
temperature range of 500 to 700°C as optimum farctree ash formation. And
disagrees with other investigations (cited by B2001) regarding the formation of
crystalline silica at lower temperatures. The lowemperatures reported for the
crystallisation of silica in rice husk ash could &gributed to contamination of husk
with quartz.

Pozzolanic activity tests verified the good pozmaactivity of the RHA 500 and RHA
700 samples, with uniformly higher values for tlaenples incinerated at 500°C. XRD
and microscopic analysis confirmed the amorphoasaddter of both the RHA 500 and
RHA 700 samples with the first crystalline materiappearing at processing
temperatures of 900°C and higher.

To get insight about the formation of reactive mateon a molecular level, a detailed
analysis has been carried out usfigi solid-state NMR. The broad Gaussian line
shapes in the spectra of the different RHA sampiggports the amorphous nature of
the silica in samples burnt at temperatures of 60&xid 700°C. At higher temperatures
a gradual conversion to crystalline material waseobed, in agreement with the XRD
results. The amount of*@ites in the amorphous phase of the RHAs vari¢d aviclear
maximum for RHA 500-12Q with a @Q® ratio of 4:1. This sample also showed the
highest conductivity drop in the pozzolanic activiest. So we can conclude the most
reactive rice husk ash is produced after incinematfor 12 hours at 500°C and
subsequently quickly cooling the sample down bgatly removing it from the oven.

Il. Rice husk ash from different field burning arrangems

A selection of field burnt samples has been donedmparing their properties with the
reference sample (RHA 12S) prepared from the ctatracconditions in the lab. We
came to the following conclusions.

- RHA samples from the annular enclosure (RHA A) picati comparable results in
the compressive strength of mortars with that ef rieference sample (RHA D) in
all the mix compositions. Therefore the annulaetgb oven can be suggested as an
affordable and simple option for the small-scaledoction of RHA in rural areas.
A modification of the annular enclosure with bridkstead of weld meshes can be
suggested as a long-term solution consideringimhigeld life span of weld meshes.

- Rice husk ash pozzolanas from the brick ovens (RBAlso gave reasonably good
strengths with lime and cement in different projmm$ even though those were
inferior in strength compared to that from the dankiln enclosure.

- The lower strength values of mortars with the ast@ms the pit burning compared
to the other samples can be due to longer periddaifieration and slow cooling
rate. Reducing the depth of the pit can modify #iengement to ease air supply
and result in better ash.

- Type of kindling can also affect the duration dfieration. Rice husk ash samples
from the brick ovens were produced by firing them¥rom the bottom, whereas in
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other two cases, husk samples were fired from g Bottom kindling can
accelerate the burning process and ease natudaigoo

- Analysis of fuel waste ash (RHA E) from the parilmgl operations supports the
possibility of reusing it as RHA pozzolanas of lowé&engths.

- The long-term compressive strength of mortars fadhthe tested RHA samples
showed a progressive increase in the strength stgtiia earlier investigations of
Yogananda et al., (1988), and proved the poteofiate husk ash as a sustainable
replacement (see section 5.5.3, chapter 5) to deiméuilding applications.

Thus, this research has contributed in

- ldentifying the optimum conditions for producingetimost pozzolonically reactive
RHA sample in the controlled conditions in the atal

- Suggesting an affordable and feasible method tdym® pozzolanically reactive
rice husk ash in the field environments.

- Establishing the long-term of strength of RHA pdars
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Appendix 6.1

Compressive strength of different RHA pozzolanas
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Table 1 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 ash) | 7 days 28 days 3 months| 6 monthg laye
RHA A1(1:1:6) 0.76 6.5 8.9 10 111 12.4
RHHA B1 0.76 5.6 8.2 8.9 9.1 10.1
RHA C1 0.76 2.1 3.8 4.1 4.1 5.2
RHAA2 (1:3:12) 0.76 8.9 115 12.8 12.2 14.2
RHHA B2 0.76 7.0 9.0 9.2 9.3 10.5
RHA C2 0.76 4.4 5.7 7.0 7.3 9.2
RHA D2 0.76 12 141 14.6 16.6
RHA E2 0.76 2.2 3.7 6.2 9.0
RHAA3 (3:1:12) 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
RHA C3 0.76 1.2 2.6 2.6 2.3 34
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Table 2 Compressive strength of cement-RHA Mortar
Water
powder ratio Compressive strength for different durations in MPa
(percentage by
weight of lime
Cement -RHA mortar and ash) 7 days 28 days| 3 monthsg 6 months| 1 year
RHAA2 (1:3:12) 0.79 7.9 10.4 12.7 12.7 14.7
RHHA B2 0.80 10.1 10.2 11.4 14.6 16.2
RHA C2 0.61 7.6 18.1 20 20.5 244
RHA D2 0.70 9.6 11.2 13.8 15.0
RHAA3 (3:1:12) 0.53 334 53.2 49.2 534 68.5
RHHA B3 0.53 317 48.9 516 59.3 80.8
RHA C3 0.43 37.9 46.8 52.5 65.8 70.52
RHA D3 0.50 412 555 61.6 64.6
RHA E3 0.53 29.7 443 46.2 61.8
RHA A4 (2:1:9) 0.53 233 26.1 51.9 60.2
RHHA B4 0.54 25.3 44.8 53.1 554 68.8
RHA C4 0.50 30.2 44.4 42.6 64.1 70.0
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7 CONCLUSIONSAND RECOMMENDATIONS

7.1 Introduction

This chapter deals with the general conclusionsrandmmendations of this research.
Section 7.2 presents a comprehensive review ofédbelts achieved. This is followed

by a number of recommendations (section 7.3) fer phactical implementation of

policies to contribute to sustainable-affordablauging development in Kerala. The
final section highlights the scope for further @,

7.2 Achievements of thisresearch

The prime objective of this research was to gawetser understanding of the concept of
sustainable-affordable housing for developing coest in order to come up with
improved strategies to meet the needs of econolynmwalaker sections of population. A
conceptual framework has been developed on infegralhe four equally significant
and interdependent objectives of sustainabilitynceoning socio-cultural, economic,
technological and environmental factors. This freuoik has been adopted and tested in
the context of Kerala (India). It has been appiredoth the socio-political evaluation of
low income housing programmes and in the technoddgevaluation of the building
process in Kerala. In addition to this, the thek&s contributed to technological
innovations of the building process by improvinglarstanding of potential use of rice
husk ash as a pozzolanic material to replace giigjticement. This would greatly
reduce the environmental pollution by the disposhlrice husk, and create less
expensive and more sustainable cement for buildowgstruction. This has been done
by (i) addressing and discussing the long standisggreement on the condensation of
the silica network in rice husk ash (which detemsitts pozzolanic properties) during
the incineration process of rice husk and (ii) tifgmg an affordable incinerator to the
rural environments, requiring minimum infrastruguto produce rice husk ash
pozzolana. The succeeding paragraphs presentsshiésrachieved.

7.21  The conceptual framework

A major achievement of this research is the devabkt of the conceptual framework
and its application on various aspects of housingating a comprehensive approach
encompassing the different objectives of sustagraffordable housing. This
framework includes (a) a conceptual model and (bpljectives hierarchy model for
sustainable-affordable housing.
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a. Conceptual model and significance of interrelatietween four aspects of
sustainability in sustainable-affordable housing

Figure 2.3 (chapter 2) sketches the conceptual hfodsustainable-affordable housing.
It is represented by four overlapping circles vétth circle symbolizing one of the four
aspects of (socio-cultural, economic, technologerad environmental) sustainability.
Socio-cultural needs and practices of the housshattl communities influence the
primary requirements of housing. Sustainable hausimould respond to these needs
and requirements. Affordability or economic capaciéf an individual plays a
significant role in achieving his housing requirense Thus sustainable-affordable
housing for the poor can be defined as “housingchvii accessible and affordable to
satisfy the housing needs of people whose incomes dwt enable them to afford
housing suitable for their needs in the regularsiray market”. In this definition, the
term ‘accessible’ refers to the feasibility to futhose present and future needs. The
basic housing need of an individual is often aeafon of his or her socio-cultural
needs. In that way sustainable-affordable houssncelated tosocio-cultural (basic
needs) an@nvironmental aspects (present and future needs) of sustaityafilie term
‘affordable’ in the definition mainly implies theffardability by the individual in
fulfilling these needs. Innovative technologicaltiops are necessary for affordable
housing solutions. In this sense it is connectedheconomic sustainability and
affordability of sustainabléechnological options. Developments in the economy and
social changes should be able to sustain ecologyiraprove potential resources for
future generations. In the context of global popatagrowth and the Earth's finite
resources, the way in which human beings are acamtatad or sheltered is a major
and integral part of the imperative to maintain labgl environmental equilibrium.
Hence sustainable building processes should be dbleput emphasis on
environmentally friendly technologies utilizing ity available waste materials and
renewable resources. Therefore this framework asségjual importance to all these
four aspects of sustainability in sustainable hogisind accepts their dependencies on
each other.

b. The objectives hierarchy model ({For sustainable-affordable housing

The objectives hierarchy model (Fig. 2.9) integsatmoth the perspective of the
households (users) and the concepts of sustaityainilhousing development. It enlists
the different objectives of sustainable-affordableusing under the four aspects of
sustainability and analyses the housing issuegdb@s¢he specified criteria. This model
can be applied as a general tool for addressingihguroblems and for modifying

policies in any of the less developed economiesadaptive version of this model is
also developed and applied in this research foettaduation of the building process.
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The conceptual framework for sustainable-affordableusing (Fig. 2.10) is a
combination of objectives (GJand strategies (GJ-for sustainable-affordable housing.
The second part (GF helps in the formulation of strategies based lmn évaluation
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-affordaideising has been applied and
tested in the context of economically weaker sadiiousing in Kerala. The outcomes
of these analyses had brought out valuable insigtis in the housing situation of the
low income households in Kerala and as well aténdignificance of the correlation
between different sustainability aspects in the siroy programmes. Three types of
analysis have been done.

1. Analysis I. Evaluation of the goals of several goweent programs
(Chapter 3, section 3.3)

2. Analysis Il. Evaluation of government programs fraime perspective of an
observer (Chapter 3, section 3.3)

3. Analysis lll. Evaluation of several government margs from the perspective of
the beneficiary households (Chapter 4)

The outcomes of these evaluations can be summarime the following headings:

I.  Problems of low-income housing in Kerala and sti&t® for sustainable-affordable
housing
Il. Significance of correlation between different sirsthility aspects

Ad. I:  Problems of low-income housing in Keralalatrategies for sustainable-
affordable housing

The comparative evaluation from different perspediidentifies a mismatch between
the objectives and instruments of government pedicand the real situation of
beneficiary households. It underlines the failufelifferent housing policies (Box 7.1)
with respect to sustainable housing development amderstands that changes in
policies over the years 1970 to 2000 have not ¢edignificantly different outcomes.
The results of the evaluation and recommendationsstiategic measures are briefly
discussed here under different aspects of sustéipah.e. (a) socio-cultural, (b)
economic, (c) technological and (d) environmentztainability.
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Box 7.1

The overlooking of socio-cultural and environmental factors in the housing programmes,
poor accessibility to resources, improper awareness on building process and innovative
technological options, and insufficient basic services are identified as the main problems of
the poor householdsin Kerala.

a. Socio-cultural sustainability

Socio-cultural sustainability of housing programmes the least significant role in the

total sustainability of selected housing programriéss explains the poor acceptability

of the housing programmes among the users. The aspiects could be identified as

- lack of flexibility or little adaptability of houseto the future requirements of
households (One Lakh Housing Scheme-OLHS).

- increased dependency of households on governmppbsu

- poor involvement of both the households (OLHS) anchmunity (Indira Awaas
Yojana-lIAY and Total Housing Scheme-THS) in theldinig process.

- poor integration of amenities and services (IAY dmts).

Policy measures for achieving socio-cultural susthility in housing should explain

the importance of

- stimulating participatory housing through involvemhef households and with the
support of community.

- promation of core housing concepts instead of gk designs.

- fostering equality between citizens through carefighbourhood planning of the
houses in such a way as to allow the mixing upifiémnt income levels of the
society in the same locality and to ensure adeqimtastructure facilities and
community services.

b. Economic sustainability

The financial ability of the households in all tbeses is found to play a significant role
in the economic sustainability of the housing pemgmes. This shows the importance
of strategies to empower the poor for housing tlewes. The economic un-
sustainability of housing schemes in Kerala waarclem the following observations:

- the poor housing conditions of beneficiary housdsol

- problems connected with land ownership and incotagieuses (IAY and THS)

- insufficient housing facilities (OLHS) and

- poor accessibility of the households to basic resesufor housing (IAY and THS).
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Economic sustainability of housing programmes canelmsured by improving the

strategies for

ensuring consistent income for the poor househmyds

= empowering them in the different activities of theilding process, like
production of building materials and other skillabour training.

= integrating the housing schemes for the econorgioattaker sections with
poverty alleviation programmes.

- ensuring accessibility to resources such as lamdirée supplementary loans,
building materials, labour and infrastructure faigis. Accessibility to credit
services can be improved by promoting micro-finaimst¢itutions and by flexibility
in loan services depending on the needs of thedimld and their ability to make
repayments.

- ensuring minimum housing facilities for the so-edlcompleted houses.

c. Technological sustainability

The household surveys and case studies confirroatheern about the following factors
of the technological sustainability of housing prergmes in Kerala. They are

- scarcity of affordable materials and availabilifys&illed labor

- feasibility and affordability of technological optis

- lack of technical guidance or supervision in thdddng process

- poor know-how of the building process

- poor know-how of cost effective alternatives

- excessive use of energy-intensive materials

The poor correlation (as found by SPSS analysisjdmn the socio-cultural and the
technological factors in the housing programmearbfallustrates the un-sustainability
of the present building process in Kerala in tewhsacceptability and feasibility of
technological solutions. Strategies for technolabisustainability should include
measures for

- ensuring timely guidance and technical supervigiahe building process

- ensuring the availability of materials and skilladour

- empowering the beneficiaries to acquire minimuntiskor the building process

- promation of technological innovations

- promotion of the use of renewable and local madteria

d. Environmental sustainability

Environmental sustainability of housing scheme&émnala raises greater concern over
other aspects of sustainability, as it has notivecethe desired attention, neither in the
conceptualization stage nor in the perception ofefieiaries in real situations. The
topics, which need immediate attention, are
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- insufficient basic services
- excessive conversion of agricultural land for hongsind
- poor concern over the utilization of non-renewaklgources

The little importance given to environmental fastars revealed from the analysis, can

be considered as one of the main reasons for thelaf@ment of slum-like human

settlements in the rural areas of Kerala. Poliskemuld be improved to

- integrate basic infrastructure facilities as vitiamponent of housing

- adopt proper regulatory measures for conservaticagncultural land and against
uncontrolled land reclamation for clay mining, himgsand other development
activities.

- ensure conservation of resources through energgiezfty in household activities,
alternate solutions for renewable energy and bggrating rainwater harvesting
methods.

Ad Il:  Significance of correlation between diffetesustainability aspects

The results of statistical analysis (Analysis Bhapter 4) confirm the inter-relations

between the four aspects of sustainability as sigdein the conceptual model.

Although the statistical relevance of this findisgsomewhat limited due to the limited

size of the sample and to the consequent choic80fer evidence to prove the validity

of the framework, the relevance of the correlatidvetween the factors gives an
indication of its reliability. This finding is conborated and supported by the findings of
the individual case studies described in secti@nBhese results also give a satisfactory
indication on the validity and usefulness of thianfiework for further applications in
similar situations. Significant findings can bgtdid as follows:

- the evaluation of public housing schemes in Kemdats towards the failure of
implementation strategies because of the lack tégnation of the four main
aspects of sustainable-affordable housing, nameagiosultural, economic,
technological, and environment factors.

- the evaluation of different housing programmes aé/¢he excessive dependency
of the sustainability of housing programmes on #wonomic status of the
households (to afford and maintain the houses) twerpolicy initiatives of the
government. This confirms the failure of enablintategies and shows the poor
correlation between socio-cultural factors and ecain factors in housing.

- the insignificance of correlation between socioimal sustainability and
technological sustainability in all the housing ectes verifies the un-sustainability
of the present building process in Kerala. It ppittwards the poor knowledge of
the households of building processes, improperizatibon of resources and
difficulties in accessing innovative technology.
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- technological sustainability in all the cases hatrang correlation with economic
sustainability. This indicates the importance of tiffordability of technological
options.

- the insignificant correlation of socio-cultural figability and environmental
sustainability gives an indication of the insuféiot basic infrastructure facilities
and poor concern in the Kerala district about the-renewable resources.

- the meagre correlation between socio-cultural sestélity and economic
sustainability shows the poor affordability of theusing schemes, especially in
providing the basic shelter needs.

7.2.3  Application of the conceptual framework in the evaluation of present building
processin Kerala

A selection of sustainable building alternativegtadule to the requirements of Kerala
has been carried out in two stages (chapter 5).fif$testage employs the conceptual
framework from Chapter 2 for a comprehensive amsly$owever, in the second stage,
a grading of basic building materials and populeechhological options based on
embodied energy has been done. Basically the squoae of grading plays a crucial
role only when two alternative score equal pointshie first phase analysis in making
the most appropriate choice. The outcomes of thialuation acknowledge the
traditional building technology with laterite wallMangalore pattern tile roofing, and
mud mortar as the most sustainable technologicibfor affordable housing in

Kerala, where laterite is locally available. Logajfroduced hollow concrete block

masonry can be suggested as an alternative tedficalmption to replace laterite in

other places. These findings point at the failur€ost-Effective and Environmentally

Friendly (CEEF) technological options in Kerala iagh the modern or prevailing

energy intensive building process. This has ledouthe conclusion that none of the

technological alternatives can be feasible in fpradf they do not have enough support
and acceptance from society. The evaluation of bbo#ding process in Kerala
underlines the need for

- popularization of the cost-effective and environtaéip friendly technology
alternatives and dissemination of technological oimtions through proper
strategies

- demonstration of technological innovations to theblft so that they can
experience the advantages.

- formulation of stakeholder groups including thetigical experts to deliver the new
technology and post delivery services as to ensumeer implementation and usage
of new innovations.

- innovative technology options which require ungklilabor, renewable resources
and decentralized production and

- popularizing affordable, environmentally friendlyilding materials suitable to the
requirements of Kerala.
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7.24  Ricehusk ash pozzolana as a partial replacement for cement

The search for new environmentally friendly affdsia materials has led to the
experimental research on the pozzolanic activifasce husk ash (chapter 6). This has
been done to explore the possibilities of the petidn of a reactive pozzolana in rural
environments with minimum infrastructure and utiig the limited skills of poor
households. Both experimental studies in the laboya@) and field studies on oven
technology (b) were carried out.

a. Labresearch for reference sample from optimized conditions

An experimental study was carried out in orderitd the optimal temperature regime
for the formation of crystalline silica from ricau$k that can be used successfully as
replacement for Portland cement. In literature @dittory findings on this point have
been presented (Bui, 2001; Mehta, 1978; Hamad &98l1). From an in-depth study of
the amount of soluble silica and loss on ignitidrdifferent rice husk ash samples that
were produced under different thermal conditiowés found that incineration at 300°C
is unsuitable as not all carbon is expelled from samples. The studies furthermore
revealed substantial reactivity of samples burfdft°’C or 700°C. This agrees with the
earlier investigations of Mehta (1978) and Hamadle{1981), who had identified the
temperature range of 500 to 700°C as optimum factiee ash formation. Electrical
conductivity test verified the good pozzolanic waityi of the RHA samples at 500 and
700°C, with systematic higher values for the samaheinerated at 500°C. XRD and
microscopic analysis confirmed the amorphous cheraof both the RHA 500 and
RHA 700 samples with the first crystalline materiappearing at processing
temperatures of 900°C and higher. To get insigldualthe formation of reactive
material on a molecular level, a detailed analfisis been carried out usifAtpi solid-
state NMR. The broad Gaussian line shapes in thetrgpof the different RHA samples
supports the amorphous nature of the silica in sssnipurnt at temperatures of 500°C
and 700°C. At higher temperatures a gradual coiver® crystalline material was
observed, in agreement with the XRD results. Thewarmof J sites in the amorphous
phase of the RHAs varied with a clear maximum f6tAR500-12Q with a AQ? ratio

of 4:1. This sample also showed the highest comdtyctirop in the pozzolanic activity
test. So we came to the conclusion that the mastike rice husk ash is produced after
incineration for 12 hours at 500°C and subsequemtigkly cooling the sample down
by directly removing it from the oven.

b. Field ovensfor rice husk ash production
For rural building applications, sophisticated ovemd techniques are not feasible and

affordable to maintain the controlled conditionstive lab. The second part of the
experimental technical research was carried oudentify an affordable incinerator to
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produce reactive pozzolana for rural building aggtiobns in Kerala. Rice husk ash

samples from three different types of field ovares, an annular kiln enclosure, a brick

oven and a pit oven, were examined. We came téotloaving conclusions:

- rice husk ash samples from the annular kiln encio$BRHA A) produced better
results (higher mortar strength) in all the mix gasitions compared with those
from other field ovens. Therefore the annular tgp®ven can be suggested as an
affordable and simple option for the small-scaleduction of rice husk ash in rural
areas. A modification of the annular enclosure \ititks instead of weld meshes
is suggested as a long-term solution considerirg lithited life span of weld
meshes.

- rice husk ash pozzolanas from the brick ovens (FBHAlso gave reasonably good
strengths with lime and cement in different projoms though those were inferior
in strength compared to that from the annular &ialosure.

- the lower strength values of mortars with the aghas the pit burning (RHA C)
compared to the other samples can be due to Igegérd of incineration and slow
cooling rate. Reducing the depth of the pit can ifiyathis arrangement to ease air
supply and result in better ash.

7.25 Conclusion and Reflection

This thesis integrates different perspectives teustand the housing problems in low-
income countries, and to develop improved stratetpelead to sustainable-affordable
housing. These perspectives combine a technologigidok, mainly concentrating on
building materials, with non-technical aspects sastthe socio-cultural outlook of the
beneficiaries, the economic aspects of the builgiraress, and the political aspects as
seen from the government perspective. By integyatinese perspectives in one
conceptual model, this thesis claims to improve ooderstanding on sustainable-
affordable housing. Moreover, the conceptual fraorwproposed by this research has
proved successful in functioning as a practical, tooth for evaluating the effectiveness
of various policy approaches by the state governneérKerala, and the (lack of)
outcomes of these policies as seen through the efydhe beneficiaries. Another
integration of technical an non-technical aspeets bheen achieved by evaluating the
potentials of rice husk ash as a partial replacénencement, by combining the
technical evaluation with various non-technical extp such as affordability,
availability of local materials, and know-how by shilled people. Although the
viability of these ovens for rice husk ash produtcthas not been tested under field
conditions in Kerala or elsewhere in India, thise@ch points into a clear direction for
sustainable-affordable housing utilizing renewaatel less energy intensive building
materials suiting to the requirements of househalds$ as well as on the concepts of
sustainability. This research thus combines comzgpanalysis, tool development,
technical analysis and innovation in such a way ithaas both theoretical and practical
relevance.
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7.3 Recommendations for implementation

The evaluation of public housing schemes in Keralges the need for efficient and
effective implementation strategies, suitable fbe tsocio-economic and cultural
specifications of the state. This section proposeme recommendations for the
practical implementation of sustainable-affordaid@sing in Kerala.

a. Integrated approach

The evaluation of public housing schemes in Keiddatifies the integration of the four
aspects of sustainability as the crucial elementéstainable-affordable housing. The
involvement of all stakeholders in the building @ees including beneficiary
households, the local community, non-governmentajamizations, and the local
government can strengthen the integration of thesgects. Therefore, the overall
process requires the support from a strong netvwadridifferent stakeholders and
institutions to achieve its objectives.

b. Formulation of support mechanism

The findings of this research strongly argue inofawf formulating a support

mechanism (“Housing Support Organizations” simitar that of People's Housing

Process of South Africa) for capacity building gnd enabling people to address their
own housing needs. Inaccessibility to resourceslyding land, finance and

technology) is one of the main obstacles for therpmuseholds in Kerala in achieving
their shelter needs. Hence the enabling strategiesild merge with sustainable
solutions to overcome this. Support mechanismshia form of “Housing Support

Organizations” can help the households in secwsiigsidies, obtaining land ownership
and accessing technical, financial, logistic anchiadstrative support related to housing
activities.

¢. Ensuring the affordability of households

Ensuring consistent income by empowerment or fatitig income-generating
activities should be considered as the initial $tepustainable-affordable housing. The
principle of micro financing as developed by thea@een Bank (Bangladesh) is a
fruitful solution for achieving economic sustain@kiin housing.

d. Ensuring the technological sustainability in the building process
The present Building Centers or other technologyanizations could probably act in a

role to ensure the sustainability of the buildinggqess. Enabling the households in the
building activities, production and supply of build materials, arranging skilled labor,
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and dissemination of technological innovations #&hdwe their prime concern. All
beneficiary households should be given a prelinyirwareness and basic know-how
on the building process. Further, extensive trginghould be given for interested
households on different activities related to thélding process such as building
material production and other construction actgti These Centers should also be
made responsible for popularizing and improving timmovative technological
alternatives (CEEF technology) according to theuiregnents of the locality and
making it feasible to the public. Locally availabiaste materials from agricultural and
industrial processes, which are less energy interesnd require unskilled labor, should
be identified and promoted. For example, the fimining arrangements developed in
this research can be popularized through thesenimations by enabling the households
in the production process and making them awarth®mdvantages.

e. Ensuring basic infrastructure facilities and conservation of resources

Ensuring physical infrastructure needs special eoncin the case of individual
households. Specific guidelines should be adoptecerisuring basic services such as
water, sanitation and waste management. Provisfotilets and drainage facilities
should be made an integral part of housing.

7.4 Scopefor further research
The following themes could be considered for furtfesearch.
a. Application of conceptual framework in other developing countries

The proposed conceptual framework can be applieathier developing countries for
sustainable housing solutions. Testing and furiggplication of this framework is
suggested for other countries.

b. Further experimental research on rice husk ash pozzolana

Further researches on rice husk ask as replacdaréPortiand cement should include:

- Bulk production of rice husk ash

- Environmental problems on rice husk ash producdiach

- Exploration of the potential of rice husk ashesrfrthe rice mills after utilising its
fuel value.

The field ovens proposed in this research areldeitmr small-scale production of rice
husk ash pozzolana. Further research is neceswaimproving the affordability of this
material through bulk production to make it readdlyailable through a somewhat
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centralized outlet (such as Building Centre) in theal areas. Utilization of the fuel
value of RHA can further improve the economic vatiehis waste material. Hence
more advanced research is suggested to explomotbatial of rice husk ashes directly
obtained from the places where it is being usefiiels

c. Experimental research to check the suitability of straw bale technology in the
environmental condition of Kerala

Even though straw bale technology is proposed astamative sustainable option for

buildings, its compatibility with the environmentebnditions of Kerala is yet to be

investigated. This is purely a new concept to théding process in Kerala and has
never been introduced. Hence prior monitoring arattical applications are necessary
to investigate their structural performance andasnability to gain acceptance.
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Summary

Summary

The persistence and growth of poor shelter conditigoarticularly in the developing
countries, is a worldwide stumbling block to sopulitical stability and economic
development (UNCHS, 19%0The causes and nature of these problems difan fr
country to country, depending on local social, eroit and political contexts. The
multidimensional nature of this issue has beenfabas of this research and addresses
the following main question within the context oétéla (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 Kerala?

This thesis integrates different perspectives teustand the housing problems in low-
income countries, and to develop improved stragetfiading to sustainable-affordable
housing. These perspectives combine a technologieal, mainly concentrating on
building materials, with non-technical aspects sashthe socio-cultural view of the
beneficiaries, the economic aspects of the builgiracess, and policy aspects as seen
from a government perspective. This research cossbiconceptual analysis, tool
development, technical analysis and innovatioruchsa way that it has both theoretical
and practical relevance.

These objectives have been approached and achiigveddressing a number of sub
questions. The succeeding sections summarize tidisrdive heads.

1. Housingissues: aframework for conceptualization

How can the housing problems be evaluated from the per spective of the users, in such a
way as to contribute to sustainable devel opment?

.......

Figurel Basic concept for sustainable-affordable housing
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Sustainable-affordable housing development has besceptualized as a combination
of four equally significant aspects of sustainapilinamely socio-cultural, economic,
technological and environmental (Fig. 1).

Social and cultural factors determine the primaguirements of housing. The financial
capacity or affordability by an individual or fampihas the immediate effect of trans-
forming this need or requirement into a sound tgaliechnology acts as a catalyst to
help realizing this, by providing affordable opt#osuiting individual requirements and
changing circumstances. The environment is theietaof the above and should be
sustained for future generations as well as acdshipy present demands. This frame-
work is a modification of the three pillar concegft sustainable development (UN)

incorporating an additional technology factor. &usible-affordable housing for the

poor can thus be defined as “housing which is atolesand affordable to satisfy the
housing needs of people whose income does not eertbin to afford their housing

suitable to their needs in the formal housing mirkaving a minimal impact on the

environment”.

A hard-core policy framework is inevitable for ta#ficient working of implementation
systems, optimizing limited resources and integgathe demands and requirements of
various actors in accordance with changing circamsgs. It is also essential to create a
‘pull’ from the side of beneficiaries rather thasifg a ‘push’ from the authorities in
achieving the development of sustainable housinlge Tonceptual framework for
sustainable-affordable housing developed in thissith is a combination of these
objectives and strategies for sustainable-affol&blsing.

The ‘objectives for sustainable-affordable housirltave been defined using a
methodology resembling that of Value Focused TigkiVFT). It helps in identifying
the needs of the households from the perspectivmuéeholds based on the principles
of sustainable development. The objectives wered use construct an evaluation
framework, which have been applied and tested withe context of Kerala for the
evaluation of housing issues. Based on the anadysisevaluation of the Kerala cases,
strategies are formulated in accordance with th@irements 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 problems of the poor and how far have the different schemes
been successful in achieving sustainable housing development and what is the real
housing situation of the poor households in Kerala?
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The housing situation in Kerala is quite differémm other parts of India. Despite the
positive trend (diminishing quantitative housindidiés) in the housing conditions, a
close analysis shows that the poor and lower setgnersociety often do not get the
necessary assistance for the actual constructidrcampletion of houses. Visible slum-
like areas occur in human settlements in ruralspaftthe state, with many inhabitants
still deprived of basic facilities like drinking wexr and sanitation. Though the poor
manage to get support, government sponsored psoften fail to meet the initial
goals.

The review of the evolution of the present hougioticy in Kerala reveals a reflection
of global policy changes during the correspondiegiquls, but with minor modifica-
tions to cope with the interests of political leed@nd policies of the respective
governments. State government intervention in pubbusing was pioneered by the
launching of the so-called One Lakh Housing Sché@®keHS), with the role of the
government partially as a ‘provider’ of public hings (Phase 1). Even though by that
time (1970s) the International agencies that werestantly advocating public housing
had already shifted their focus from this approdbh,government of Kerala promoted
this with a few modifications.

The housing schemes implemented during the Fifte Fiear Plan (1974-79) addressed
the issue of rural housing. The basic principlslw#lter provision under this scheme can
be said to be one of ‘aided self-help’ (Phaselhereby the government selects the
potential users (beneficiaries), arranges for foag and administrative procedures, and
the users provide the entire or part of the labpui. This, new shift in policy was in
line with the international policies based on aidetl-help and mutual help marking the
second phase.

The 1990s witnessed significant changes in hougaligy. The National Housing and
Habitat Policy of 1998 addressed the issues ofiile development, infrastructure
and strong public private partnership for sheltelivery. This was a true mirror image
of the whole sector development concept of UN aratltvBank (Phase IIl). In 1996,
with the decentralization movement, local governtsestarted getting involved in
different development activities in Kerala. The t@loHousing Scheme’ (1998) was
introduced during this period with the concept dfole sector development with the
local or self government as the implementing agesnci

Three government housing schemes [One Lakh Ho&ihgme (OLHS), Indira Awaas
Yojana (IAY) and Total Housing Scheme (THS)] weidentified for detailed
evaluation on the basis of their representativaineain policies with those of the
international agencies, their uniqueness in implging agencies and other particular
characteristics (Table 3.3, chapter 3).
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Figure2 Comparison of different aspects of sustainability according different housing
schemes, i.e. socio-cultural, economical, technological and environmental, from the
perspectives of the government (A1) and users (A Il and A lll).

The sustainability analysis has been carried otitliee stages (from different perspec-
tives) using the criteria derived from the conceptframework. The first stage of
analysis (Analysis 1) has been done to evaluategtieds of the government programs
and the second as well as the third stages (Amallyaind I1l) to assess the real situation
of the beneficiary households. Analysis | is basadnformation provided by govern-
ment reports and government officials. Analysishéls been done based on the re-
searcher’s observations from the field, and Analysi based on information from
household surveys. Fig. 2 (a to d) presents theglteeon various aspects of sustainabi-
lity of the selected schemes based on the analyséspective of the different policies
of the government, the representative schemestsdléor evaluation from each phase
of policy do not show significant differences betmethe end results, and all of them
seem to have partially failed in achieving theialgof sustainable housing.
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The mismatch between the perceptions (goals) oémowent and the real situation of
the beneficiary households (results) is clear frin@ evaluation. This shows the in-
effectiveness of the different policies and needefifective policies for proper imple-
mentation.

In general the evaluations show that Analysisdrtfrthe perspective of government) is
systematically more positive than the evaluationshie researcher and the beneficiaries
(Analysis Il and 1ll). The evaluations show the Haof integration of the four main
aspects of sustainable-affordable housing, nan@ip<cultural, economic, technologi-
cal, and environment factors and how it has couteith towards the failure of imple-
mentation strategies. The overlooking of sociowraltand environmental factors in the
housing programmes, poor accessibility to resouyricegroper awareness of the buil-
ding process as well as the availability of innoxetechnological options, and insuffi-
cient basic services are identified as the mairtaghss for the poor households in
Kerala. The low affordability by the households dack 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 modifying it?

An evaluation of a selection of sustainable butdialternatives suitable to the
requirements of Kerala was carried out using theceptual framework. A grading of
basic building materials and popular technologmations based on embodied energy
was also done to add a semi-quantitative refinenigagtically this grading only plays a
decisive role when two alternatives score equahtsan the comprehensive analysis to
make the most appropriate choice. The outcomesisfavaluation acknowledge the
traditional building technology with laterite wallMangalore pattern tile roofing, and
mud mortar as the most sustainable technologictibrop for affordable housing in
Kerala, where laterite is locally available. Logajfroduced hollow concrete block
masonry is suggested as an alternative technologjiteon to replace laterite in other
places. These findings illustrate the sad failureimplementing cost-effective and
environmentally friendly (CEEF) technological opt® in Kerala compared to the
market success of the prevailing ‘modern’ energgsisive building process. It leads us
to the conclusion that none of the technologictdrahtives can be feasible in practice,
if they have not enough support and acceptance $amiety.
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The evaluation of the building process in Keraldentines the need for

- the popularization of the cost-effective and envinentally friendly technology
alternatives and dissemination of technologicabirations through proper strate-
gies.

- the demonstration of technological innovationsh® public so that they can expe-
rience the advantages.

- the formation of stakeholder groups including teécahexperts to deliver environ-
mentally friendly technology and post delivery seeg¢ to ensure proper imple-
mentation and usage of new innovations.

- innovative technology options, which demand une#illlabor, renewable resources
and decentralized production.

4. Ricehusk ash pozzolana as a sustainable alter native to cement

How can rice husk ash pozzolana be developed locally as a sustainable alternative to
replace cement for the primary building applicationsin Kerala?

The search for new environmentally-friendly affdotéa materials has led to the
experimental research on the pozzolanic activibesce husk ash (chapter 6). It has
been done to explore the possibilities in the petida of a reactive pozzolana in rural
environments with minimum infrastructure and utiliz the limited skills of poor
households. An in-depth characterization of ricekhashes has been conducted as the
first phase of this experimental technical rese&vadentify the optimum conditions for
producing a reactive ash from rice husk. The rigskhash produced after an incinera-
tion for 12 hours at 500°C and subsequent quickimgpdy directly removing it from
the oven is identified as the most reactive sanmiphés is in agreement with earlier
investigations by Mehta (1978) and Hamad et al8{)9vho have identified the tempe-
rature range of 500°C to 700°C as optimum for igacash formation. At the same
time, these findings disagree with a few other #tigations (cited by Bui, 2001)
regarding the formation of crystalline silica atvler temperatures. The present research
thus makes a contribution in solving the disputeyarding the crystallization
temperature of silica during the incineration aerhusk.

The second part of this experimental technicalaxedewas carried out to identify an
affordable incinerator to produce reactive pozzal&or rural building applications in
Kerala. Rice husk ash samples from three diffetgres of field ovens were examined.
We came to the following conclusions:

- rice husk ash samples from the annular kiln encew$BHA A) produced better
results (higher mortar strength) in all the mix gasitions compared with those
from other field ovens. Therefore the annular tyeoven is suggested as an
affordable and simple option for the small-scaleduction of rice husk ash in rural
areas. A modification of the annular enclosure \ititks instead of weld meshes
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5.

is suggested as a long-term solution considerirg lithited life span of weld
meshes.

rice husk ash pozzolanas from the brick ovens (A Also gave reasonably good
strengths with lime and cement in different projoors though those were inferior
in strength compared to that from the annular &iclosure.

the lower strength values of mortars with the agha® the pit burning (RHA C)
compared to the other samples can be due to arlgeg®d of incineration and
slow cooling rate. Reducing the depth of the pit caodify this arrangement to
ease air supply and result in better ash.

Strategies and Recommendationsfor 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 to sustainable
development?

Based on the evaluation, a number of strategiegsh®rdevelopment of sustainable-
affordable housing are proposed:

Policy measures for achieving socio-cultural sunstaility:

Stimulate participatory housing through involvemesft households and with

community support.

Promotion of core housing concepts (basic unitptadide to changes according to
future requirements) instead of rigid type designs.

Fostering equality between citizens through careéigihborhood planning to allow
the mixing up of different income levels of societythe same locality, and to

ensure adequate infrastructure facilities and conitypgervices.

Strategies for economic sustainability should ideluneasures to

ensure steady income for poor households

ensure accessibility to resources such as landdeaupplementary loans, building
materials, labor and infrastructure facilities.

improve accessibility to credit services by promgtmicro-finance institutions and
flexibility in loan services depending on the neeflthe household and their ability
to make repayments.

ensure a minimum level of housing facilities.

Strategies for technological sustainability shantdude measures to

ensure timely guidance and technical supervisidhérbuilding process
ensure the availability of materials and skillebdda

empower the beneficiaries to acquire minimum skdtsthe building process
promote technological innovations
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promote the use of renewable and local materials

Strategies for environmental sustainability shantdude measures to

integrate basic infrastructure facilities as vitamponent of housing

adopt proper regulatory measures for the conservati agricultural land and
against uncontrolled land reclamation, for clay imjp housing and other
development activities.

ensure conservation of resources through enerdpiesfty in household activities,
alternate solutions for renewable energy, and lggiating rainwater harvesting
methods.

The evaluation of public housing schemes in Keralges the need for efficient and

effe

ctive implementation strategies, suitable Far $ocio-economic and cultural specifi-

cations of the state. It identifies the integratafnthe four aspects of sustainability as
crucial for achieving sustainable-affordable hogsifihe involvement of all stakehol-
ders in the building process including beneficitiguseholds, the local community,

non
tion

-governmental organizations, and the local gowent can strengthen the integra-
between these aspects.

Recommendations proposed are:

an integrated approach in the overall process with support from a stroegwork
of all the different stakeholders and instituti@asichieve the objectives of sustain-
able-affordable housing.

the formulation of a support mechanism (“Housing Support Organizations” similar
to that of People's Housing Process of South Afrfoa 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 incogeserating activities.

to ensure the technological sustainability in the building process

to ensure basic infrastructure facilities and the conservation of resources
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De hardnekkigheid en de groei van slechte huiswgstindities, voornamelijk in ont-
wikkelingslanden, vormen een struikelblok voor sedipolitieke stabiliteit en voor
economische ontwikkeling (UNCHS, 1990). De oorzakende aard van deze proble-
men verschillen van land tot land, en zijn afhaijlikelan de lokale sociale, economi-
sche en politieke contexten. Het multidimensionaeakter van dit probleem heeft de
focus gevormd voor dit onderzoek en heeft geletdd® volgende hoofdvraag in de
context van Kerala (India):

Hoe kan een geintegreerd raamwerk worden ontwik&eidhet huisvestingsprobleem
van de armen (vanuit hun eigen perspectief) teyaeaen (zowel wat betreft het beleid
als het bouwproces) en welke duurzame materialéacbiologieén kunnen samen met
beleidsaanbevelingen worden voorgesteld om duurzambetaalbare huisvesting in
Kerala te bewerkstelligen?

Dit proefschrift integreert verschillende perspeetin om het huisvestingsprobleem in
ontwikkelingslanden te kunnen begrijpen, en om gttme strategieén te ontwikkelen
die kunnen leiden tot duurzame en betaalbare hstisige Deze perspectieven combine-
ren een technologische invalshoek, die vooral auineert op bouwmaterialen, met

niet-technische aspecten zoals de socio-culturelalshoek van de begunstigden, de
economische aspecten van het bouwproces, en dddaspecten vanuit het perspectief
van de overheid. Het onderzoek combineert conceptugalyse, methodiekontwikke-

ling, technische analyse, en innovatie op een matiezowel theoretische als prakti-

sche relevantie heeft.

Dit doel kon bereikt worden door een aantal subsmatp stellen, waarvan de beant-
woording noodzakelijk was voor het verkrijgen vaaicht in de totaalproblematiek. De
vijf onderdelen van deze samenvatting vatten deeévchgen samen.

1. Huisvestingskwesties: Een raamwerk voor conceptualering

Hoe kunnen huisvestingsproblemen zodanig wordewafiegerd vanuit het perspectief
van de gebruikers dat dit kan bijdragen tot duureaontwikkeling?

Duurzame en betaalbare huisvestingsontwikkelirgesonceptualiseerd als een combi-
natie van vier even belangrijke aspecten van damp&id, namelijk sociaal-culturele,
economische, technologische en ecologische duutmdr{Figuur 1).

De sociale en culturele factoren bepalen de bejaaty te stellen eisen aan huisves-
ting. De financiéle positie of draagkracht van egtividu of een familie heeft een
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Figuur 1 Basisconcept voor duurzame en betaalbarsvesting.

direct effect op het omzetten van de behoefte @fdmaak in een concrete realiteit.
Technologie treedt op als katalysator om dit tdigegen, door betaalbare opties te
leveren die passen bij individuele eisen en verame omstandigheden. Het milieu is
de drager van het bovenstaande en moet worderenontzn een draagvlak te creéren
voor toekomstige generaties, en tevens te voldeende behoeften van de huidige
generatie. Dit raamwerk is een aanpassing van3iBt ‘toncept (“People, Planet, Pros-
perity”) voor duurzame ontwikkeling (VN) met toeygirg van de technologische
factor. Duurzame en betaalbare huisvesting voarden kan dus gedefinieerd worden
als “huisvesting die bereikbaar en betaalbaar iz de huisvestingsbehoefte wordt
voorzien van mensen wier inkomen het niet toelaatvea de reguliere markt een huis
te betrekken dat bij hun eisen past, en die eemmaal effect heeft op het milieu”.

Een duidelijk beleidsraamwerk is onvermijdelijk voefficiénte implementatiesyste-
men, die de beperkte middelen kunnen optimaliserede verschillende behoeften en
wensen van diverse actoren onder veranderende mdigiti@den kunnen integreren.
Ook is het essentieel om op het gebied van duurzamsyestingsontwikkeling een
“trekkracht” te creéren vanaf de kant van de dasgrin plaats van een “stuwing” van-
af te kant van de autoriteiten. Het conceptuelenveerk voor duurzame en betaalbare
huisvesting dat in dit proefschrift is ontwikkelsl €en combinatie van deze doelen en
strategieén voor duurzame en betaalbare huisvesting

De “doelen voor duurzame en betaalbare huisvestiiig'gedefinieerd door een metho-
dologie te gebruiken die lijkt op “Value Focusediniking” (VFT). Het helpt bij het
identificeren van de behoeften van de huishoudansii het perspectief van de huis-
houdens en is gebaseerd op de principes van duerpamwikkeling. De doelen zijn
gebruikt om een evaluatiekader te ontwerpen dakigepast en getest in de context van
Kerala voor de evaluatie van huisvestingsvraagemkip basis van de analyse van de
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cases in Kerala zijn er strategieén geformuleeedimliovereenstemming zijn met de
eisen voor duurzame en betaalbare huisvesting.

2. Evaluatie van de programma’s voor publieke huisvestg: Kerala

Wat waren de verschillende beleidsbenaderingemargaande jaren in India (Kerala)
voor de huisvestingsproblemen van de armen, ewnévdrre zijn de verschillende pro-
gramma’s succesvol geweest in het bereiken varzdmg huisvestingsontwikkeling, en
wat is de daadwerkelijke huisvestingssituatie varmdne huishoudens in Kerala?

De huisvestingssituatie in Kerala verschilt steak wie in andere delen van India. On-
danks de positieve trend in de huisvestingssitu@tee kwantitatieve huisvestingste-

korten nemen af) laat nadere analyse zien dat ohe @&n lagere segmenten van de
samenleving zeer vaak niet de nodige hulp krijgeor e daadwerkelijk constructie en

voltooiing van huizen. Er zijn zichtbare slopperkaghtige gebieden in landelijke delen

van de staat, waar veel inwoners nog steeds n@kmm zijn van basisfaciliteiten zoals

drinkwater en sanitaire voorzieningen. Hoewel dmer het klaarspelen om steun te
krijgen, falen overheidsgefinancierde projecterkvaa

Een overzicht van de ontwikkeling van het huidiggshestingsbeleid in Kerala laat

zien dat de wereldpolitieke veranderingen zich weiegelen in de corresponderende
perioden, maar met kleine aanpassingen aan dedeglaran politieke leiders en het

beleid van de verschillende overheden. Met de dhtctie van het “One Lakh Housing

Scheme” (OLHS) (1 Lakh is honderdduizend) werdeghgerimenteerd met interventie
vanuit de staatsoverheid in publieke huisvestinganij de rol van de overheid deels
die van verschaffer van publieke huisvesting wasé€Fl). Hoewel in die periode (jaren
70) de internationale organisaties die constantigke huisvesting hadden gepromoot
zich hadden verwijderd van deze benadering, prommate regering van Kerala dit met

enkele kleine modificaties.

De huisvestingsprogramma’s die tijdens het vijfi§arenplan (1974-1979) geimple-
menteerd werden, richtten zich op het probleemhudsvesting in de landelijke gebie-
den. Het basisprincipe van huisvesting binnen tigmmma kan beschouwd worden
als ‘zelfvoorziening met hulp’ (Fase 2), waarbij deerheid de potentiéle gebruikers
(begunstigden) selecteert en zowel de financieslsgde administratieve processen re-
gelt, terwijl de gebruikers zelf geheel of geddgkale noodzakelijke arbeidskracht
leveren. Deze nieuwe verschuiving van het beleg italijn met het internationale
beleid dat was gebaseerd op zelfvoorziening meqt éalonderlinge hulp dat de tweede
fase kenmerkte.

In de jaren '90 traden er significante verandermg@e in het huisvestingsbeleid. Het
nationale huisvestings- en leefgebiedbeleid van81@@ational Housing and Habitat
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Policy) richtte zich op de kwesties duurzame onkeling, infrastructuur en sterke pu-
bliek-private samenwerking voor huisvesting. Ditswhuidelijk een weerspiegeling van
het concept van integrale sectorontwikkeling vanvéie en de Wereldbank (Fase 3).
Met de decentralisatiebeweging begonnen lokalehadean in 1996 betrokken te raken
bij de verschillende ontwikkelingsactiviteiten irekala. In deze periode werd het inte-
grale huisvestingsprogramma (Total Housing Schef88) geintroduceerd vanuit het
idee van integrale sectorontwikkeling met de lokaerheid of locaal zelfbestuur als
implementerend orgaan.

Drie huisvestingsprogramma’s van de overheid [OakhLHousing Scheme (OLHS),
Indira Awas Yojana (IAY) en Total Housing SchemeH)] zijn uit de verschillende
fasen geselecteerd voor een gedetailleerde ewvaloptbasis van hun representativiteit
op het gebied van beleid in vergelijking met hdelsevan de internationale organisa-
ties, hun eenmaligheid wat betreft implementereodmnisaties en andere typerende
eigenschappen (zie hoofdstuk 3).

De duurzaamheidanalyse is uitgevoerd in drie fa@emuit verschillende perspec-
tieven), met gebruikmaking van de criteria die zjgeleid van het conceptuele raam-
werk. In de eerste fase van de analyse (Analygén)de doelen van de overheidspro-
gramma’s geévalueerd. In de tweede en de derddAasdyse Il en Analyse Ill) is de
werkelijke situatie van de begunstigde huishoudsspaald. Analyse Il is gebaseerd op
de veldwaarnemingen van de onderzoeker en Analysedebaseerd op de informatie
uit de enquétes onder de huishoudens.

De figuren 2(a) tot en met 2(d) laten de resultai@m de analyse zien, waarbij de ver-
schillende aspecten van duurzaamheid van de gesside programma’s aan de orde
komen. Ongeacht de verschillen in beleidsaanpakdeaoverheden tonen de represen-
tatieve schema’s die geselecteerd zijn uit iedase in de beleidsuitvoering niet veel
verschil in het eindresultaat. Het lijkt erop dbe @rogramma’s deels gefaald hebben in
het bereiken van hun doel, namelijk duurzame hgtavg.

De evaluatie maakt het verschil tussen de doelendea overheid en de werkelijke
situatie van de begunstigde huishoudens (het eegpltuidelijk. Dit laat zien dat de
verschillende projecten ineffectief zijn, en madkt behoefte aan een meer effectief
beleid voor een goede implementatie duidelijk.

In het algemeen tonen de evaluaties dat Analyseahujt het perspectief van de
overheid) systematisch positiever is dan de eviglsiaan de onderzoeker en van leden
van de doelgroep (Analyses Il en Ill). De evaluatienen het gebrek aan integratie van
de vier belangrijkste aspecten van duurzame eralbat@ huisvesting, namelijk soci-
aal-culturele, economische, technologische en gwabe factoren, en hoe dat heeft
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geleid tot het falen van implementatiestrategidégt. over het hoofd zien van sociaal-
culturele en milieufactoren in de huisvestingspangma’s, de slechte toegankelijkheid

Socio-cultural Sustainability Economic Sustainability
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Figuur 2 Vergelijking van de verschillende aspactan duurzaamheid, t.w. sociaal-
culturele, economische, technologische en miliqaeeten, in verschillende huisves-
tingprogramma'’s, gezien vanuit de perspectievendeanverheid (Al) en de gebruikers
(All en Alll).

tot de hulpmiddelen, de oneigenlijke kennis van elolmet bouwproces als van innova-
tieve technologische opties, en het gebrek aarswamizieningen zijn geidentificeerd

als de belangrijkste obstakels voor de arme huidhiosi in Kerala. De lage economi-
sche draagkracht van de huishoudens en het geare&em consistent inkomen dragen
verder bij aan de problemen.

3. Evaluatie van het huidige bouwproces: Kerala

Draagt het huidige bouwproces in Kerala bij aan dzame huisvesting? Zo niet, welke
aanpassingen kunnen dan aanbevolen worden?
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Met behulp van het conceptuele raamwerk is er etaciie uitgevoerd van duurzame
bouwalternatieven die aan de specifieke eisen nalgevoldoen. Ook is er een waarde-
bepaling uitgevoerd van gangbare bouwmaterialepagrulaire technologische moge-
lijkheden. Deze waardebepaling was gebaseerd agrdeninhoud” en voegt een semi-
kwantitatieve verfijning toe. In feite speelt dem@ardering alleen een cruciale rol
indien een geschikte keuze moet worden gemaakéniussee alternatieven die een
gelijke score behalen in de uitgebreide analyseuib®msten van deze evaluatie geven
aan dat de traditionele bouwtechnologie met lai@tieen, dakpannen in het Mangalore
patroon, en mortel van leem de meest duurzame démdiache optie is voor betaalbare
huisvesting in Kerala, waar lateriet locaal besbhds is. Voor andere locaties wordt
metselwerk met lokaal geproduceerde holle betokelokgeadviseerd als alternatieve
technologische optie die lateriet kan vervangerzeDigevindingen illustreren het falen
van kosteffectieve en milieuvriendelijke (CEEF)hpologische opties in Kerala tegen-
over het marktsucces van het overheersende modaergie-intensieve bouwproces.
Dit leidt ons tot de conclusie dat geen van derteldgische alternatieven in de praktijk
haalbaar is als ze niet op genoeg draagvlak erptatie van de maatschappij kunnen
rekenen.

De evaluatie van het bouwproces in Kerala ondexstrée behoefte aan:

- Popularisatie van kosteffectieve en milieuvrierjlelitechnologische alternatieven
en verspreiding van technologische innovaties duomdel van geschikte strate-
gieén.

- Demonstratie van technologische innovaties aapuigiiek zodat het de voordelen
ervan kan ervaren.

- Het formeren van groepen stakeholders, inclus@friessche experts, zodat de nieu-
we technologie geleverd kan worden, samen met deléiding die na de levering
nodig is zodat een goede toepassing en correctiigalan innovaties gewaarborgd
kan worden.

- Innovatieve technologische opties die gebruik makenongeschoolde arbeid, ver-
nieuwbare grondstoffen en gedecentraliseerde ptieduc

4. Puzzolane rijstkaf-as als een duurzaam alternatiefoor cement

Hoe kan puzzolane rijstkaf-as lokaal ontwikkeld deor als duurzaam alternatief voor
cement voor de primaire bouwtoepassingen in Kerala?

De zoektocht naar nieuwe milieuvriendelijke en bHtare materialen heeft geleid tot
experimenteel onderzoek naar de puzzolane actividi rijstkaf-as (hoofdstuk 6). Dit
is gedaan om de mogelijkheden te onderzoeken vegordductie van een reactieve
puzzolaan in een landelijke omgeving met een mit@niafrastructuur met gebruik-
making van de beperkte vaardigheden van de arnshdwilens. Als eerste fase van dit
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experimentele technische onderzoek is een diepgakarhkterisering van rijstkaf-as
uitgevoerd om de optimale condities voor het predeic van een reactieve as van
rijstkaf te identificeren. Het meest reactieve nienslat gevonden is, is een rijstkaf-as
dat geproduceerd is door een verbranding van 1Diug00°C en vervolgens een snelle
koeling direct nadat het uit de oven gehaald i siBmt overeen met eerdere onderzoe-
ken van Mehta (1978) en Hamad e.a. (1981), dietdraperatuurgebied van 500 tot
700°C hebben gevonden als optimaal voor de praglwetn reactieve as. Tegelijkertijd
komen deze bevindingen niet overeen met een aantire onderzoeken (geciteerd
door Bui, 2001) met betrekking tot de formatie \aistallijn silicium bij lagere tempe-
raturen. Dit onderzoek heeft dus bijgedragen aanagdossing van een wetenschap-
pelijke onenigheid met betrekking tot de kristatistemperatuur van de siliciumdi-
oxide gedurende de verbranding van de rijstkaf.

Het tweede deel van dit experimentele technischéermoek had ten doel om een
betaalbare oven te vinden die de reactieve puzzdtaa produceren voor landelijke
bouwtoepassingen in Kerala. Monsters rijstkaf-as dde verschillende typen veldo-
vens zijn onderzocht. De volgende conclusies kondmalen getrokken.

- Vergeleken met de monsters uit andere veldovenserwde resultaten van de
ringvormig omsloten pottenbakkersoven (RHA A) befea mortelsterkte (van alle
geselecteerde testmortels met rijstkaf-as monstesile mixcomposities). Daarom
kan het ringvormige oventype aanbevolen wordeneals betaalbare en simpele
optie voor de productie van rijstkaf-as op kleisbaal in een landelijke omgeving.
Het wordt aanbevolen om de ringvormige omsluitifiigte voeren in baksteen in
plaats van gelaste mazen, omdat de gelaste maméreperkte levensduur hebben.

- Rijstkaf-as van de stenen ovens (RHA B) gaven aalelijk goede sterkten in
combinatie met verschillende proporties kalk en eethhoewel deze resultaten
minder goed waren dan die van de ringvormig omslptatenbakkersoven.

- De gevonden lagere sterktewaarden van mortels eliasdbevatten van kuilver-
branding (RHA C) kunnen worden verklaard door degéae periode van verbran-
ding en de lage koelsnelheid. Door de diepte vatkudete verminderen zou de
luchttoevoer vergemakkelijkt kunnen worden en dit keiden tot betere resultaten.

5. Strategieén en aanbevelingen voor duurzame en betbare huisvesting in
Kerala

Welke beleidsaanbevelingen kunnen worden aangedi@gernamelijk voor de econo-
misch zwakkere sectoren) met betrekking tot dulezambetaalbare huisvesting zodat
er bijgedragen kan worden aan duurzame ontwikkeling

Gebaseerd op de evaluatie kan er een aantal s&é&megorden voorgesteld voor de
ontwikkeling van duurzame en betaalbare huisvestimgy de verschillende aspecten
van duurzaamheid.
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Beleidsmaatregelen voor het bereiken van socidtirele duurzaamheid:

- Het stimuleren van participatie in het huisvestprgbleem door de huishoudens
erbij te betrekken met steun van de gemeenschap.

- De promotie van basisconcepten (“core housing quetebasiseenheden die aan-
pasbaar zijn aan toekomstige omstandigheden) mtgphlaan voorgeschreven ont-
werpen (“rigid type designs”).

- Het nastreven van de gelijkwaardigheid tussen liardeor zorgvuldige wijkplan-
ning, zodat verschillende inkomensniveaus in ddeebfuurt met elkaar gemengd
kunnen worden, en door het verzorgen van een atiegqueastructuur en goede ge-
meenschapsvoorzieningen.

Strategieén voor economische duurzaamheid dienewoliende maatregelen te be-

vatten:

- De garantie van een constant inkomen voor de atishdudens

- De garantie dat middelen als landbezit, aanvulldadagen, bouwmaterialen, ar-
beid en infrastructuur toegankelijk zijn.

- Verbeteren van de toegankelijkheid tot leningenrdoarofinanciéle instellingen
te promoten en door flexibel te zijn in het verkken van leningen, afhankelijk van
de behoeften van het huishouden en hun vermogéeertmbetaling.

- De garantie van minimale faciliteiten voor de huoistiens.

Strategieén voor technologische duurzaamheid dieleemolgende maatregelen te be-

vatten:

- De garantie van tijdige begeleiding en technise@zittht op het bouwproces

- De garantie van de beschikbaarheid van materialeggeschoolde arbeid

- Hetin staat stellen van de begunstigden om miinaahrdigheden voor het bouw-
proces te verwerven.

- Het promoten van technologische innovaties

- Het promoten van het gebruik van vernieuwbare kaléomaterialen

Strategieén voor ecologische duurzaamheid dienevoligende maatregelen te bevat-

ten:

- De integratie van basisinfrastructuur als vitaahponent van huisvesting

- Het nemen van goede regulerende maatregelen oaddibduwgrond behouden
blijft en ongecontroleerde landwinning voor kleigustie, huisvesting en andere
ontwikkelingsactiviteiten voorkomen wordt.

- De garantie voor conservering van grondstoffen dagsvesting energie-efficiént
te maken, door oplossingen met alternatieve ertm@imen en door integratie van
methoden van regenwateropvang.
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De evaluatie van publieke huisvestingsprogramma’Keérala vraagt om efficiénte en
effectieve implementatiestrategieén die geschikt voor de sociaal-economische en
culturele kenmerken van de staat. De evaluatie&at dat de integratie van de vier
aspecten van duurzaamheid een cruciaal elementtwamduurzame en betaalbare
huisvesting. Door alle belanghebbenden te betrekkehet bouwproces, zoals de
begunstigde huishoudens, de locale gemeenschajgouvernementele organisaties en
de lokale overheid kan de integratie tussen dgzecésn versterkt worden.

Voorgestel-de aanbevelingen zijn:

- Een geintegreerde aanpak het gehele proces met behulp van een sterkemktw
van verschillende belanghebbenden en institutielsioge doelen van duurzame en
betaalbare huisvesting bereikt kunnen worden.

- Formulering van ondersteunende mechanisifielousing Support Organisations”
zoals het ‘People’s Housing Process’ in Zuid-Afjiken genoeg capaciteit te creé-
ren en om de mensen hun eigen huisvestingsbeltamfte laten geven.

- De betaalbaarheid voor huishoudens verbetemdwor een consistent inkomen te
garanderen door ‘empowerment’ of door het fac#itevan inkomensgenererende
activiteiten.

- Het verzekeren van technologische duurzaamheidtibbduwproces

- Het verzekeren van een basisinfrastructuur en bbbbd van grondstoffen.
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