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Abstract  
 

Design concepts, materials and techniques generally employed in the building sector are 

leading to a huge consumption of finite natural resources and irreversible environmental 

degradation. Other than that, the choice of certain building techniques and materials has 

often shown to be inappropriate in the social, cultural and climatic context of disaster 

affected areas. But how can practitioners carry out sustainable reconstructions which 

better respond to local housing needs, availability of natural resources and climatic 

features of the context?  

This academic study aims at sensitizing practitioners and stakeholders involved in post-

disaster reconstruction about the advantages of employing renewable energy and 

alternative technologies, to reduce the exploitation of depleting natural resources and 

dependence of vulnerable communities on external markets.  

In face of an increasing exposure to climate change and natural hazards, post-disaster 

response becomes an opportunity and a challenge for the promotion of safe and local 

building techniques integrated with environmentally sustainable materials and renewable 

energy sources. Such a concept has its unique significance in a country like India, which 

is severely hit by the effects of climate change; these measures are also functional to 

enhance the housing standards of the new settlements, with consequent benefits on 

residents’ comfort and well-being. 

 

The study is based on a desktop research on available literature, followed by a field 

experience in New Delhi and Bihar, India, which took place between August and 

November 2009. The case study of a reconstruction process initiated in Bihar after the 

2008 Kosi floods is proposed as an ideal example of integration of green building 

concepts into an Owner Driven reconstruction process. Environmentally conscious design 

concepts and local building techniques based on improved bamboo technologies are 

effectively implemented at any stage of the process, from the masons’ training activities to 

the physical reconstruction of the village. The introduction of low-tech solutions like eco-

sanitation facilities and solar lighting has improved the standard of living for the rural 

village, as no toilets and electrification were in place before.  

In the conclusive part of this study, recommendations for Green Rehabilitation are given 

in key areas like land planning, house design, green technologies and water conservation; 

the objective is to give an overview of potential measures and practices which can be 

implemented to reduce the ecological footprint of building interventions and securing local 

livelihoods in the long term. Furthermore, a framework of benefits, challenges and future 

directions are drawn out and analyse to what extent environmentally conscious design 

and technology choices represent an important means of livelihood for vulnerable 

communities in disaster affected areas of the world.  
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Preface  

The intention to carry out a research in this specific aspect of disaster response was 

conceived after my first direct approach to the complex reality of large scale 

reconstructions, which took place during the CENDEP (Centre for Development and 

Emergency Practice, Oxford Brookes University) fieldtrip to Tamil Nadu, India in January 

2009. During that workshop - focused on the livelihood assessment of communities 

affected by the 2004 Indian Ocean tsunami - a lot of questions and perplexities have 

arisen while visiting some of the new settlements. 

Whereas the major part of the housing stock was represented by vernacular houses with 

thatched roofs and mud walls, mostly built in the shade or in proximity of the paddy fields, 

those monotonous rows of concrete houses were standing in the middle of nowhere, 

without any provision of green areas or community infrastructure. It was evident that 

agencies had given priority to disaster resistant features and engineered techniques, and 

overlooked the value of cultural compatibility and environmental impact for their solutions. 

In fact, RCC houses were uncomfortable, functionally wrong and even unaffordable for 

the beneficiaries in their maintenance costs: those interventions turned out to be an 

enormous waste of funding and resources, and even worse, they didn’t contribute to the 

improvement of people’s condition after the disaster. According to a recent research 

conducted in Tamil Nadu by the Institute for Sustainability Applied to the Built 

Environment (ISAAC), ‘the RCC houses built by humanitarian agencies within the 

framework of post-disaster recovery projects clearly represent the least viable option, are 

most expensive, offer the lowest level of comfort and have the highest environmental 

impact’  (Duyne and Pittet, 2008).   

That experience has motivated me to delve more into the issues of sustainability in 

reconstructions, as I realized to what extent reconstruction programmes might go wrong if 

they do not consider the existing features of the context and promote to establish a 

stronger linkage between natural habitats and built environments. 
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Research Methodology 
 

Research questions 

The aim of this research is to explore the introduction of environmentally sustainable 

solutions and improved local building techniques into the practice of post-disaster 

rehabilitation. The main questions which led me to focus specifically on the environmental 

component of a rehabilitation process can be summarised as follows: 

 In view of the acknowledged relation between environmental issues (like climate 

change, resource depletion and environmental degradation) and increased 

severity of natural disasters, how can practitioners carry out a coherent strategy of 

environmental conservation through disaster mitigation?  

 How can post-disaster reconstruction be implemented and better respond to the 

local features of the context - like climate conditions, availability of natural 

resources and local housing needs?  

 What design concepts and building materials might provide more cost-effective 

and sustainable solutions in post-disaster situations? 

 

Literature review 

The first section of this research is dedicated to the analysis of literature (mainly journal 

articles and field research reports), in order to set the discussion about the current state of 

the environment in India and its relationship with the impact of large scale disasters. The 

major sources of information corresponded to recent publications available online on 

thematic journals (e.g. Environment and Urbanization) and development-related websites.  

 

Online libraries and resource centres focused on Shelter (e.g. the Shelter Centre Library 

and the Emergency Shelter Cluster website) represented a barely unlimited source of 

very recent publications and grey literature about crosscutting issues of sustainable 

recovery and rehabilitation processes. As a first step, these documents were reviewed to 

develop a critical understanding of the major issues of post-disaster rehabilitation with a 

specific focus on its socio-economic, cultural and environmental implications. Secondly, 

guidelines for sustainable shelters and manuals on green building technologies were 

critically reviewed and adapted to outline the key concepts of Green Rehabilitation.  

 

The analysis of field research reports developed by academic research institutes provided 

valuable examples of good and bad practices, mainly about reconstructions in the 

aftermath of the 2001 earthquake in Gujarat, India and the 2004 Indian Ocean tsunami in 

Tamil Nadu, India and Aceh, Indonesia. This kind of literature represented an important 

reference point for the structure of my research questions and preparation of the field 

work in India. The complexity of data analysed and specificity of each of the context 
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described in the case studies convinced me to carry out a field research in order to have a 

deeper understanding and direct observation of a rehabilitation process. 

 

Field work  

The following four months of internship at SEEDS India (Sustainable Environment and 

Ecological Development Society), has given me the opportunity to integrate the desktop 

study carried out so far with a more realistic view of environmentally sustainable practices 

as they are implemented in a specific context. SEEDS is a Delhi-based NGO strongly 

committed to the promotion of environmental sustainability and community-based disaster 

risk management, and has worked on shelter programmes following six major disasters 

over a period of seven years. Each programme has represented a valuable step towards 

the definition of their approach to reconstruction, focused on the principles of 

appropriateness, sustainability and innovation.  

SEEDS provided the added value needed to my research, by giving me the opportunity to 

learn ‘from within’ a locally based approach to disaster rehabilitation: the field work 

consisted of data research about local green building techniques based on primary and 

secondary sources, followed by development and testing of survey forms and checklists 

during the visit to a reconstruction project in Bihar. Furthermore, I found it extremely 

useful to be based in an intellectually vibrant city like New Delhi, where I had the 

opportunity to meet local experts and practitioners from various Institutes and 

Organizations and have access to several Resource Centres and their huge amount of 

internal publications. This overall experience has given a precious and insightful 

contribution to my understanding of current trends in research and practice carried out in 

India in the field of green building technologies.  

Consultation of local resources was carried out as follows: 

1) Primary sources: 

 Work meetings with SEEDS’ practitioners, field visits and surveys; 

 Informal interviews and work meetings with professionals and officers from other 

Delhi-based organizations and public agencies. 

2) Secondary sources: 

 SEEDS publications, mission reports and work documents employed for previous 

and ongoing rehabilitation programmes; 

 Books,  internal publications like conference papers and research reports from 

other governmental agencies and organizations; 

 Technical guidelines and national best practices in the field of green building 

technologies, retrieved from Indian Governmental websites.   

3) Field visit to the reconstruction project in Bihar: 

 At the time of the field visit to Bihar, the ODR process led by the Gujarati NGO 

Kutch Nav Nirman Abhiyan was at its final stage in one of the pilot villages. The 
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aim of my visit to the village of Aurlaha, Supaul District was to carry out a rapid 

visual assessment of the environmentally sustainable solutions implemented in 

that specific process, and how the organization made their choices of appropriate 

technology according to the needs of beneficiaries, climatic features of the context 

and the availability of raw materials and local skills in the area.  

 Quantitative and qualitative data were gathered on the baseline of two survey 

forms I developed at SEEDS, namely a Rapid Visual Assessment form and a 

Checklist for Green Rehabilitation (see Appendix 4 for further details). The main 

aspects surveyed regarded the identification of abundantly available natural 

resources suitable for the reconstruction, main distances from the major towns for 

labourers and equipment/raw materials, recycling and other sustainable practices 

employed in the construction phase, major renewable resources employed for 

energy needs and water and sanitation measures provided.  

 The following step was to collect and analyse the data with the objective of 

developing a conclusive framework of recommendations for good practices; 

further clarifications were asked to the Team Project in Saharsa during my stay at 

Abhyian’s Field Office before compiling the mission report.  

Hence the related information and pictures reported in the case study of this document 

(Chapter Three) are all drawn from informal interviews of the NGO practitioners, direct 

observation and personal reflections on the data gathered in the survey forms.  

 

Limitations 

The major challenges faced during the elaboration of data were the short time available 

for the field survey and the language barrier to interact with the beneficiaries. Without 

these issues I might have had the possibility to observe more in depth how the 

beneficiaries perceived the technical innovations in terms of cost-effectiveness, enhanced 

comfort, safety and health.  

The initial purpose of dedicating a section of this research to a ‘database’ of green 

building materials, along with a comparative study of their sustainability on the basis of 

their thermal conductivity, energy requirement and carbon emission potential, was 

abandoned as I realised that I wouldn’t have had enough time and resources to carry out 

that kind of research. There are many recognised testing facilities (the IITs, CBRI and 

BMTPC are the major ones) in New Delhi and a large number of research centres and 

organizations (like Development Alternatives and TERI) which have developed their own 

inventory of building materials; nevertheless, many data resulted incongruous and it 

became hard to find the most reliable source. The only solution found to verify those 

sources was to carry out a more experimental research which might have included lab 

testing on a selected number of building materials, task which I was unable to carry out 

individually and in parallel with the rest of the field research.  
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Chapter One  

Introduction: Environment and Disasters 
 
 
 
 
 
 
 

 Around the world, a growing share of devastation triggered by ‘natural’ 

disasters stems from ecologically destructive practices and from putting 

ourselves in harm’s way. Many ecosystems have been frayed to the 

point where they are no longer resilient and able to withstand natural 

disturbances, setting their stage for ‘unnatural disasters’ – those made 

more frequent or more severe due to human actions. By degrading 

forests, engineered rivers, filling in wetlands, and destabilizing the 

climate, we are unravelling the strands of a complex ecological safety 

net. We are beginning to understand just how valuable that safety net is. 

 

(Abramovitz, 2001) 
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Environmental degradation in India 

India is the largest country and leading economy in South Asia. Its unique geography 

produces a spectrum of climates and a rich array of biological diversities; its climate 

regime varies from humid in the Northeast to arid in Rajasthan. Climate change presents 

many risks to such a geographically diverse country, from increased exposure to flood, 

drought, cyclones to the new threats of sea temperature and sea level rise. With a huge 

population that ranks second in size in the world, the high vulnerability of India to climate 

change is becoming influential for its development and future trajectory of economic 

power.  

 
Figure 1 (left): Map showing major Climate Areas of India (Source: BEE, 2009); Figure 2 (right): Map showing 
distribution of per capita income in India (Source: Hossain and Singh, 2002); Figure 3 (below): Map showing 
exposure to natural hazards in India (Source: Hossain and Singh, 2002). 

 

As shown in the maps, the level of 

environmental degradation and exposure to 

disruptive natural events in India is alarming 

nowadays. A complex of human factors is 

involved: demographic growth, rapid 

urbanization, industrialization and increasing 

demand of energy due to changing consumption 

patterns represent together a strong pressure on 

the environment. The lack of a centralised 

regulatory system and strategic planning for 

judicious use of energy and natural reserves, 

along with low levels of awareness among the 
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general population have led to a massive over-exploitation and environmental 

degradation.  

 

Deforestation and soil erosion 

Deforestation in India (and particularly in 

the Northeast) is having devastating 

consequences on local climates and 

livelihoods. The drastic reduction of forests 

is mainly due to illegal felling of trees for 

timber production, overgrazing, intensive 

cultivation and a widespread use of 

fuelwood for cooking in rural areas. 

Increases in temperature, reductions of 

rainfall, soil erosion and drying up of water 

bodies are just a few consequences of 

intensive deforestation.  

Deprived of plants’ deep root structure, top 

soils are washed away into rivers and 

canals during showers, modifying the 

natural conformation of riverbeds and river 

flows, increasing the instability of grounds 

and causing landslides.  Microclimatic 

factors like air temperature and 

evaporation also rise up, with evident 

changes in the intensity and 

unpredictability of precipitations.  

 

Depletion of water sources 

The scarcity of reliable water sources is increasing at alarming rates in the Country: due 

to the soil erosion, the capacity of water absorption into deeper levels of the ground is 

reduced and sources of fresh water such as aquifers, wells and springs are depleting. 

Considering that in India the majority of drinking water is extracted from underground 

sources (up to 85% and 55% respectively in rural and urban areas) hundreds of millions 

of people might be affected by this calamity in the near future (IPCC, 2007). 

 

Coastal erosion 

Another big issue is represented by the increasing salinity of soil and water sources. In 

rural areas, the higher concentration of salts reduces the fertility of the soil and spoils the 

cultivations; it also represents a serious health hazard for local populations, which of 

Source: SEEDS, 2008 
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course rely on water bodies for drinking and washing with no alternative options for water 

treatment and purification. This phenomenon is due to the disruption of coastal 

ecosystems (mainly coral reefs and mangroves) which has been taking place for the last 

twenty years to optimise shrimp breeding and fishing operations. Marine plants can 

effectively slow down tidal waves and reduce the impacts of cyclones on the inland. In 

lack of this natural barrier, waves flow from the coastlines up the rivers and bring salt into 

their waters, which are then used for irrigation and domestic use. 

 

Energy use and carbon emissions in the building sector 

The energy requirements in India are growing every year, and as stated by the national 

Bureau of Energy Efficiency they are likely to grow at much higher pace than the world 

growth rate of 2% (BEE, 2009). The Energy Research Institute (TERI), the major private 

institution working on development and dissemination of Green Building technologies, 

reports that nearly half of the total energy consumption and associated Green House 

Gases (GHG) emissions is due to the sudden increase of building activities. The colossal 

migration of people to urban areas in the last few decades has a direct correlation with the 

exponential growth of the building sector. Moreover, the increasing standard of living is 

generating further demand of energy, which means more carbon emissions and waste 

generation especially in rapid developing areas.  

Factory-made materials generally employed in building activities depend on a production 

process which calls for unsustainable energy inputs and levels of pollution for both 

manufacturing and transportation: as underlined by BMTPC conventional building 

materials like cement, steel, brick, aggregate and timber are responsible for the major 

emissions of polluting agents in the building sector (BMTPC, 1998, p.375). 

 

Industrial pollution 

The absence of regulations and planning in 

terms of management and treatment of 

industrial wastes has led to a regardless 

dumping of chemical and toxic substances into 

water bodies, lands and air from highly 

polluting industries like fertilizer plants, thermal 

power plants, iron and steel mills, paper 

industries and many other. Wastes like 

bauxite, fly-ash, phosphogypsum are just 

some of the numerous industrial by-products 

which can be recycled to reduce the emissions 

generated every year by the manufacturing 

process of building materials. With their high 

Source: Reuters.com 
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recycled content, they require low amount of energy for manufacturing and can replace 

conventional building materials like cement and clay. 

 

Waste generation 

Waste disposal is a massive 

problem for the whole country, 

affecting in particular the big cities 

and metropolitan areas. Waste 

collection and disposal are not 

properly implemented and lead to 

unregulated dumping and 

contamination of rivers, coastlines 

and soils.  

When wastes are burnt into public 

streets, gardens and backyards 

the emission of toxic substances like dioxins and smell, and the percolation of polluting 

agents into deep groundwater represent a serious health hazard especially in densely 

populated areas where this phenomenon is more diffused and more people are exposed.  

 

 

Source: Getty Images Source: Getty Images 
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Climate changes might be responsible for food and water shortages, with up to 40% of 

reduction in rice production in the next decades (IPCC, 2007).   

IPCC (the Intergovernmental Panel on Climate Change) predictions have to be 

interpreted as a tangible threat for the majority of Indian population, with a particular 

attention to the most vulnerable communities relying for their livelihood on the local 

availability of natural resources; in fact, the adverse impacts on the ecosystems have 

inevitable after effects on human development in terms of social and economic 

advances. 

Disasters in environmentally sensitive and overexploited areas 
 

It is acknowledged that the exposure to natural hazards and climate changes is not 

uniformly distributed across the world: 80% of all the world natural disasters are 

concentrated in Asia, especially climate-related events like floods, cyclones and draughts. 

To the contrary, it is often unrecognised or unclear that mismanagement of resources, 

uncontrolled human activities and exposure to natural threats are strongly interrelated.  

Disasters are more likely to occur in overexploited areas, where the effects of natural 

hazards are amplified by the increased vulnerability of local ecosystems. It is remarked 

that severity and frequency of floods are increasing in largely deforested areas, where soil 

erosion and water runoff are cause of excessive sedimentation in the river basins, which 

then are too shallow to contain the flash floods (Abramovitz, 2001; Dolcemascolo for 

ADPC, 2004). Some natural bio habitats lose their natural resilience to cyclical flooding 

due to other major human interventions like the construction of infrastructures (roads, 

dams and levees) and human settlements on drained wetlands (Abramovitz, 2001). 

 

 

Changes in frequency and intensity 

of extreme events (heat waves, 

heavy rains, discontinuous 

monsoons, cyclones etc.) are 

expected to increase and sharpen 

the exposure of environmentally 

fragile areas to floods and droughts 

(IPCC, 2001).  
 

Source: Llanos Ortiz-Montero from www.flickr.com 

Source: Llanos Ortiz-Montero on www.flickr.com 
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Environmental Impact of post-disaster responses 

The urgent need for rapid and sound reconstructions in the aftermath of disasters 

generates a huge demand of building materials and natural resources. Overlooking the 

environmental impacts of such interventions may turn into over-exploitation of local prime 

resources (land, forests and water bodies), irreversible damages to biodiversities, waste 

generation and pollution.  

The sudden increase in the demand of raw materials such as clay, aggregates and 

timber, if not appropriately monitored and certified in their provenance and manufacturing 

process may add further stresses on scarcely available resources in ecologically sensitive 

areas, or even give rise to illegal activities (IUCN, 2005). The excavation of sand and 

aggregates for cement mortars and concrete from riverbanks and coastlines, the cut of 

trees into forest reserves, the extraction of top soils to obtain clay for bricks are big issues 

to take into consideration in big scale reconstructions as they might further worsen the 

fragile condition of existing ecosystems. A progressive depletion of local resources 

generates a rising dependence on external markets and commodities, which cost more 

and tend to reduce the livelihood options of the most vulnerable communities. 

With the employment of 

inappropriate or unsustainable 

building techniques and 

materials, post-disaster 

responses may have indirectly 

contributed to increasing the 

vulnerability of local livelihoods 

and fragile natural habitats. The 

extensive employment of 

Reinforced Concrete for housing 

reconstruction represents a big 

environmental issue in itself, as 

concrete is neither recyclable, 

nor adaptable for other uses, and requires expensive equipment to be assembled.  

Factory-made materials like cement and steel bars depend on a production process which 

calls for unsustainable energy inputs, causing environmental pollution and increasing 

exposure to climate change. Furthermore, those conventional building practices lead to a 

considerable production of construction and demolition wastes, which are added to the 

enormous amount of debris and waste generated by the disaster. This aspect represents 

a major threat for land and water contamination if toxic and harmful wastes are not 

properly disposed. 

Many Indian research institutes and implementing agencies have realised that it is 

becoming essential to re-establish a symbiotic relationship between the built environment 
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and its natural context to successfully mitigate climate change effects. There is a pressing 

need to establish new synergies and integration of environmental conservation initiatives 

into post-disaster rehabilitation, as they have the common objective of building resilient 

communities and securing future livelihoods in the long term. 

 

Disaster response in a changing climate: a call for environmentally 

sustainable interventions  

What do we mean by sustainability in post-disaster response? There is a complex of 

issues involved in this broad definition: social, economic, environmental factors which 

cannot be considered separately for the main goal of a long term disaster risk reduction 

and stable development.  

Too often inappropriate and costly solutions based on imported raw materials and alien 

design concepts have neglected the existing cultural, social and climatic context of 

disaster affected areas (Schilderman, 2004; Barenstein, 2006; Sanderson and Sharma, 

2008; Lyons, 2008). 

 

    
Figure 4: Abandoned RCC and fired brick house in Aurlaha, Bihar (on the left). The same amount 

of funding was employed to complete a bamboo house (on the right) equipped with solar lighting 

and eco-sanitation unit.  

 

Building design and construction techniques should follow the general recommendations 

for sustainable shelters provided by the United Nations Environmental Programme 

(UNEP) as shown in the table below. 
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Table 1: Key recommendations on sustainable shelters by UNEP 

 

UNEP remarks that the integration of environmentally sustainable concepts into the 

current practice of shelter design and construction is becoming essential. Although green 

building technologies are widely promoted and employed in the conventional building 

sector, it is harder to conciliate the high technology content with the major constraints of 

disaster response, which are often represented by limits of time, funding and local 

expertise.  

A cost-effective and sustainable option for vulnerable areas of India and more in general 

of developing countries is to promote ‘environmentally conscious’ and ‘people-centred’ 

rehabilitation processes, where innovations might consist of small technological 

improvements of existing and well-established practices to make them safer and more 

durable in time of disasters. Climate sensitive planning and design concepts, locally 

available building materials, rapidly renewable resources for energy production and 

traditional building techniques improved with disaster resistant features must be explored 

and recommended as valuable alternatives for their low energy requirement and cost-

effectiveness. 

 

The major role of professionals and reconstruction implementers should be to provide 

adequate access to knowledge and technical support for local stakeholders. Each stage 

of the rehabilitation process should encourage capacities of affected communities, in 

order to strengthen the existing livelihood options and spread awareness about the 

benefits of environmental conservation towards disaster resilience. To this regard, the 

case study of a reconstruction process initiated in Bihar after the 2008 Kosi floods is 

proposed in this research as an ideal example of integration of green building concepts 

into an owner-driven reconstruction process.  

Main features of Sustainable Shelters 

KEY RECOMMENDATIONS FROM UNEP 
 

 Made with Simple, Low cost, Robust and Practical techniques 

 Resistant to natural hazards 

 Environmentally Sustainable and Energy Efficient 

 Socially, aesthetically and culturally appropriate to the context 

 Made with locally available building materials, tools and skills 

 Flexible for future upgrading and extensions 

 Easy to maintain  

 Easy to disconnect, reuse and recycle in its parts 

 (Ref: UNEP 2007, p.26) 
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The next chapter is functional to give an introduction to the key concepts of Green 

Rehabilitation and related field of intervention. This section is an abstract from the original 

Guidebook for Green Rehabilitation, a document conceived in collaboration with SEEDS 

as an informative tool for academia and stakeholder groups involved in reconstruction 

about current trends of alternative and eco-friendly solutions implemented in recent times 

in India. These guidelines have been conceived with the idea that practitioners might use 

them as a reference for further research on more suitable solutions adjusted to specific 

locations, climate conditions and limits of budget, in the endeavour to sensitize the 

governments to adopt green rehabilitation and magnify it into a national campaign. 
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Chapter Two  

Environmental sustainability in post-disaster reconstruction. 

Key concepts of Green Rehabilitation 

 
 

 

 

The sustainable development is a broad term which includes not only 

aspect related with housing and infrastructure but also issues related with 

environment, green house gases, natural resources, eco-friendly 

technologies, hazard resistance, site planning, water conservation, waste 

management, and energy efficiency. It is a wakeup call for all of us to 

understand that any construction activity taken today will not be 

appropriate unless it takes environmental aspects, sustainability issues 

and eco-friendliness into account.  

(BMTPC, 2008) 
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Definition of Green Rehabilitation 

UNDP defines sustainable reconstruction as a holistic approach where environmental, 

social, technical, economic and institutional concerns are considered in every step and 

activity of reconstruction (UNEP, 2007).  

 

Therefore, a green rehabilitation process can be defined as a process which allows 

building safe and disaster resistant shelters by employing materials and techniques that 

generate the lowest impact on the environment. 

 

This is achievable by minimizing energy consumption and related emissions during the 

various stages of site planning, house design, construction, usage and maintenance of 

the new building and eventually, during the phases of demolition and dismantling of the 

structure, in order to connect those stages in a continuous life-cycle where the final 

outcome is that wastage is minimized. 
 
 
  

 

 

 

 

Objectives of Green Rehabilitation 

The purpose of Green Rehabilitation is to reduce the impact of the built environment on 

human health and natural habitat. It encourages to a more respectful use of prime 

sources, (land, water, air, green cover and energy), emphasizing on renewable sources, 

energy efficient building practices and minimization of wastes. 

 

A more eco-friendly reconstruction will also help the beneficiary communities to reduce 

the running costs of the building by saving on consumption of biomasses and fuels, 

electricity and water in the long run.  

 
Life-cycle scheme of a green shelter 

- Construction (e.g. management and minimization of 

construction and demolition waste; separation and 

recycling of waste; set up of a transport plan for 

materials and workers to save costs and limit the 

emissions); 

- Use and Maintenance (e.g. minimized energy 

consumption, employment of renewable energy, solid 

waste collection, water saving strategies etc.); 

- Demolition (same as for construction phase); 

- Reuse and recycling (of building components, 

salvaged elements and debris). 
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Focus areas of intervention 

To ensure sustainable living environments in the long term, reconstruction activities 

should be focused on the following key points: 

 

1.   Climate sensitive land planning and house design  

Planning and design of new settlements have to take into account the morphologic 

and climatic features of the context in order to enhance healthy living conditions for 

the residents while mitigating the effect of potential natural hazards. In this sense, 

buildings and their surroundings should be carefully designed to ensure an adequate 

level of indoor thermal comfort and natural ventilation through passive solar 

techniques and catching of prevalent winds. By implementing those simple and low 

technology design solutions, new buildings can be comfortable, fuel efficient and safe.  

 

2.   Eco-friendly Materials and Local Techniques 

A wide range of recycling techniques and alternative building materials has been 

developed to minimize energy use and GHG emissions during both manufacture and 

transportation. Their local availability and high recycled content make them suitable 

for cost-effective and ecologic interventions without sacrificing the basic requirements 

for safety and structural resistance to cyclones, flooding and earthquakes. These 

products have been developed and extensively tested by public and private national 

research institutes like BMTPC, CBRI, the Indian Institutes of Technology and the 

Indian Building Centres spread around the Country. The main categories of materials 

MAIN OBJECTIVES: 
 
Enhanced occupants’ health and 
living conditions  
 
Conservation of prime sources 
(land, water, energy, air, and green 
cover) 
 
Reduction of energy costs (Bills) 
 
Reduction of GHG emissions and 
waste generation 
. 

ECO-FRIENDLY MEASURES 
 
Climate sensitive site planning and 
house design 
 
Eco-friendly materials and 
techniques 
 
Energy saving strategies 
 
Employment of renewable sources 
(solar energy, biogas, wind) 
. 
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which are developed and marketed are obtained from agro-industrial wastes, 

vegetable fibres and bamboo. 

 

3.   Energy Use and Emissions 

The demand of energy for everyday use is mostly met by using gas and electricity 

from the municipal grid or from fuels like firewood, biomasses, kerosene and coal.  

Carbon footprint and dependence on external (and costly) supply of fuel can be 

drastically reduced by integrating renewable technologies for basic needs like lighting, 

cooking and heating. 

Some methods of energy production are unhealthy and highly polluting. For example, 

domestic fires using biomasses and firewood as fuel generate a large amount of in-

house smoke; if overlooked, this issue constitutes a serious threat for the human 

health and the environment, but can be avoided with cleaner and fuel efficient 

equipments (e.g. solar cookers and biogas plants).  

 

4.   Water Use and Conservation  

Water management in post-disaster responses involves an array of issues concerned 

with its use and conservation: as far as safe drinking water is concerned, it might be 

unsafe to use or drink water coming from surface bodies or aquifers as they might 

contain high concentration of salts, bacteria or they might have been contaminated 

during the disaster and cause spread of diseases like dysentery, cholera, typhoid and 

hepatitis. Simple methods of rainwater harvesting, water purification and distillation 

are some of the most affordable and sustainable solutions to obtain safe drinking 

water.  

When scarcity of water is an issue, water saving strategies are essential to ensure 

usage of freshwater for primary necessities. Conventional sanitation is in most of the 

cases unaffordable, as normal toilets tend to consume too high quantities of water. 

Ecologic sanitation represents the best low-cost and low-tech solution for issues of 

water scarcity and water contamination. Otherwise, small household rainwater 

harvesting plants might be an interesting option for reusing water for toilet flushing 

without pumping water from wells, and waste water treatment plants can be used for 

domestic and agricultural uses.  

 

5.   Solid Waste Management  

The issue of solid waste management is often considered of negligible importance in 

disaster affected areas. Major factors which might influence the success of waste 

management strategies are often concerned with the accessibility to disposal facilities, 

the level of governmental or municipal commitment toward this concern and local 
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customs (UNEP, 2007). Waste should be properly segregated, collected, disposed 

and recycled to minimize further generation and accumulation into landfills.  

Segregate collection facilitates reuse and recycling of wastes, such as paper, plastic 

and glass (which can be easily commercialized again). Furthermore, ecologic 

treatment of organic wastes gives the opportunity to reduce the growing demand of 

land for dumpsites and to convert those discarded masses into new resources like 

fertilizer for agricultural purposes or gas fuel for domestic use.  
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Chapter Three 

A case of Green Rehabilitation 

The ODR process in the flooded villages of Kosi Valley, Bihar, India 
 
 

  

Unprecedented floods and droughts are signs that the climate can affect 

millions of poor people who do not have the resources to cope, who 

depend on agriculture and natural resources for their daily survival and 

who are at the front line when scarcity and shortages appear.  

The needs of the poor can be reconciled with the ones of the environment 

by supporting people to adapt to these changes by helping them to cope 

with natural disasters, by backing communities in conserving and 

managing scarce resources and supporting them to meet their needs by 

using renewable energy from solar or hydro sources. By using new 

technologies, livelihoods can be created, green house gas emissions can 

be reduced or lives can be lit up’. 

 

(UNDP India website) 
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Background to the 2008 Kosi floods  

Event  

The regions of Bihar in the Kosi 

Valley are constantly affected by 

floods, as the river naturally 

changes its course nearly every 

year. The floods that occurred in 

August 2008 are exceptional for the 

scale of the event and damages to 

the crops, cattle and houses (see 

Appendix 3 for location and flooding 

maps).   

 

The River Kosi diverted from its 

natural course in proximity of the 

Nepali border, at about 12 km up 

the existing barrage, and as it 

breached its embankments, the 

river started flowing on a completely 

different course, washing away 

human settlements and cultivations 

on a breadth of 15 km and a total 

length of 150 km towards South.  

    

 

Over 2 million people were affected   in five districts, more than 340.700 houses were 

damaged along with significant losses of crops and cattle due to the protracted 

inundations (Government of Bihar Report, 19/11/08).  

 

Environmental Vulnerability and Impact of Kosi floods 

The effects of flooding were devastating for the local populations for a complex of 

reasons, which have led Bihar to become in the last decades one of the most vulnerable 

areas of India. The lack of livelihood opportunities, low levels of literacy and income, and 

widespread malnutrition have led to poverty and underdevelopment for a major part of the 

population. All those factors, along with the high exposure to natural threats like flooding 

and earthquakes, have drastically exacerbated people’s vulnerability and, as a 

consequence, their inability to cope with the impact of this tragic event.  

Source: FMIS website 

Figure 5: Flooding and devastation in the Kosi Valley 

Source: FMIS website 
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The construction of a dam upstream at the Nepali border (after the Independence in 

1947) has caused a major pressure of water and heavy sediments on the embankments. 

This fact changed the water flow and capacity of the river, hence the natural flood control 

and adaptive capacity of the existing environment and populations. The breaching 

provoked a huge and violent inundation of areas which were not used to seasonal 

flooding anymore, where people have built their villages on an ancient course of the river 

and the land is fertile. The landscape of this area is completely flat with no major 

obstacles to the diffusion of waters; moreover, the high water table and poor soil 

stratification didn’t facilitate the absorption of water, leaving the affected communities 

completely isolated in their displacement camps for more than two months.  

 

Post Disaster response  

The ODR Collaborative and the Kosi Rehabilitation Project 

The Owner Driven Rehabilitation (ODR) process initiated in the aftermath of the 2008 

Kosi floods is a joint initiative of the Government of Bihar with national organizations and 

institutions (Kutch Nav Nirman Abhiyan, SEEDS India, Alchemy Urban Systems, 

Hunnarshala, People in Centre, SANI and other NGOs joint under the name of the ODR 

Collaborative), in the effort to reduce the vulnerability of rural communities of Bihar, which 

is affected by floods nearly every year. 
  

The main objectives of the rehabilitation effort can be summarized as follows: 

 To allow a rapid reconstruction of affordable, eco-friendly, climate sensitive and 

disaster resistant shelters; 

 To promote the employment of environmentally-friendly solutions based on bamboo 

technology and local techniques in place of factory-made materials; 

 To enable technology transfer and facilitate replicability through demonstration 

projects, workshops and skill trainings on bamboo technology; 

 

   

Figure 6: Artisans’ training session at the Community Hub of Madhepura, April 2009. 

Source: SEEDS 
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 To raise awareness (both at grassroots and policy level) about the great potential of 

improved bamboo techniques for safe temporary and permanent houses;   

 To provide a durable and reliable support to beneficiaries through regular quality 

control of the reconstruction process and technical consultancy offered by the experts. 

 

Those objectives were fulfilled by the following activities led by the ODR Collaborative in 

three districts (Madhepura, Saharsa and Supaul): 

 Damage assessment and field visits 

 Experimentation of Bamboo techniques and permanent display of 5 Bamboo model 

houses (Saharsa District);  

 Creation of a Community Hub as a permanent reference point for local communities, 

offering trainings on Bamboo techniques for artisans and masons (Madhepura 

District); 

 Reconstruction of two pilot villages (Aurlaha and Puraini, Supaul District) and 

development of a financial package for the beneficiaries. 

     

Source: SEEDS 
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The ODR Process 

 

The process consisted of the following steps:  

Damage assessment 

 

 

A total of 41 households out of 110 in Aurlaha and 89 out of 102 in Puraini village resulted 

seriously affected by the flooding and were chosen as the beneficiaries of the two pilot 

projects. The villagers are all marginal farmers which make their living on cattle breeding 

(few cows, buffaloes and goats) and rice cultivation on small plots of land.  

Assessment of local resources and practices  

The Gujarati NGO Kutch Nav Nirman Abhiyan was new to the context of Bihar and 

conducted disaster assessments to identify the major local resources available in the 

area. It encountered an exceptional abundance of bamboo with compatible features for 

building purposes, along with well-established skills and capacities of local masons and 

artisans with bamboo techniques. Bamboo is extremely cheaper than any other building 

material in the area, due to its large availability, rapid growth and regeneration (it grows 

naturally everywhere and after being cut it grows again in two years time). This makes 

bamboo buildings a diffused house typology among the rural communities and highly 

familiar practice to local masons and artisans.  

 

The main building materials encountered in conventional houses are summarised below: 

1. Walling: Bricks with cement mortar; concrete frame and brick filling; bamboo structure 

and bamboo mats (generally the cheaper option consists of a double mesh of bamboo 

filled with thatch; other options are split bamboo canes and more elaborated woven 

patterns).  

2. Roofing: CGI sheets, handmade clay tiles, thatch made with rice straw. 

3. Elevated Plinth: mud/rammed earth. 

Figure 7: Damaged houses in the Village of Aurlaha, Supaul district. 
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4. Wall finishing: no finishing; mud/cement plaster and painting. 

5. Flooring: Mud floor or concrete floor. 

 

Figure 8: Traditional bamboo and mud houses in Aurlaha. 

 

Generally, there is no sanitation facility in the rural villages; open defecation is a 

widespread habit and a big health issue. 

Water is plentiful available as aquifers are extremely shallow; manual pumps are 

generally well accessible (mostly one for each cluster of houses or even household).  

Quality and safety of water are instead becoming big concerns in the area: recent water 

testing revealed high concentrations of salts and arsenic, but rural communities have no 

alternative source or supply system and largely employ ground water for domestic and 

drinking use in complete unawareness of the health implications.  

Community Meetings 

As a first step, a number of 

community meetings were 

arranged once a week to 

identify people’s housing 

needs and expectations and 

to introduce the principles of 

the ODR process (for example 

that they would have had 

access to a funding scheme in 

order to directly manage the 

reconstruction of their houses, 

rather than receiving a ‘final 

package’ of new houses and 

infrastructures).  

Figure 9: NGO and Community meeting in Aurlaha 
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Bamboo Model Houses and Exposure Visits 

 

 

Figure 10: Bamboo model houses designed by the Gujarati NGO Kutch Nav Nirman Abhiyan in 

Saharsa 

 

Four different prototypes were built in order to experiment their affordability and 

resistance according to different choices of structural systems, joints, wall filling and size 

of living space. During the exposure visits with beneficiaries, local artisans and masons, 

the model houses were used to explain the features of bamboo as a multi-hazard 

resistant building material and its cost-efficiency and durability in comparison with 

conventional brick walling systems (it can be noticed that the last prototype, made 

predominantly of bricks, is smaller in size than the other three).  

The prototypes are still permanently displayed in the courtyard of a Government Office 

(namely the District Magistrate of Saharsa), in order to be easily accessible and protected 

from eventual damages or acts of vandalisms. 
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Setting up the Demonstration Hub and Artisans Training 

SEEDS India created a Community Hub, which is a complex of resource facilities made to 

provide technical support to beneficiaries and local masons in form of knowledge sharing, 

quality control of construction, skill trainings and workshops on bamboo techniques, 

crafts, treatment processes etc. The Community Hub has been set up in a particularly 

favourable location for its proximity to a local rural market and good visibility from the 

main road. In fact, a central location is ideal for the purpose of attracting as many visitors 

as possible among the surrounding populations and provides a safe place where to find 

refuge in case of emergency. 

 

 

 

 
Figure 11: View of SEEDS Community Hub in Madhepura  

 

The hub comes across as a complex of small infrastructures with different and 

complementary functions: 

 A Model house prototype made of a bamboo structural frame and roofing, 

bamboo mat walls and mud plaster finish, permanently displayed and used to 

promote local and sustainable building materials.  

 An Exhibition space with library and sample demonstration room, which gives 

access to technical information such as construction details and products, 

references, literature. 

 A Training centre where training programmes for artisans and masons can take 

place both inside the building and in the outer semi-open space under a bamboo 

shed covered with clay tiles. This structure is further used during trainings as a 

demonstration element of bamboo technology for roofing.  

 A Material Bank Yard, which consists of a bamboo treatment plant for soaking 

and drying of bamboo canes, equipped with soaking tanks and open space for the 

                       Training centre                  Prototype         Exhibition Space      Office 

Source: SEEDS 
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storage of material. This represents a very useful facility where anybody can come 

and interactively experience or observe the methods of preservation.   

 An Eco-Sanitation Demonstration Unit, displayed to sensitize about the major 

issues of hygiene and sustainability in sanitation systems, due to the widespread 

habit of open defecation and lack of adequate sewerage systems.  

 

The Model House Prototype is a permanent display of multi-hazard resilient solutions: a 

raised RCC plinth, walls cladding made of clay tiles up to the sill level and an attic (which 

might work as an elevated refuge in case of persistent flooding). 

The prototype offers a place for daily interaction for the village leaders, self help groups, 

community meetings and many other initiatives, so that the local community and 

government officials can directly experience and develop a deeper understanding of 

improved bamboo buildings. 

 

 
 

The hub is committed to initiating on a regular basis a huge number of activities related to 

safe construction, like the quality control of building materials and construction process, 

skill training of artisans and masons. 

Source: SEEDS 

 
 
 
Bamboo House Prototype 
 
 
 
Roofing  
Clay tiles over bamboo strips 
 
 
 
Structural framework 
Bamboo 
 
Walling 
Mud plaster over bamboo 
panels. 
Clay tile cladding up  
to sill level. 
 
 
 
Foundation & Plinth 
RCC and Brick 
 
 

Figure 12: The bamboo prototype. 
Figures 13: Testing of bamboo  
joints (next page). 
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Any livelihood generation activity is encouraged to 

be based on the enhancement of local skills, by 

facilitating small scale enterprises of bamboo 

furniture and building components, while the 

arrangement of cultural exchange events within the 

region and outside might help preserving the value 

of local crafts and techniques.  

As a preliminary step towards the Owner Driven 

Reconstruction of the pilot villages, a one-day 

session for artisans training called ‘Building artisans 

experience and knowledge sharing session’ was 

led at the Hub in April 2009.   

It consisted of a two way dialogue between 

engineers and experts and the local masons. The 

response considerably exceeded the initial 

expectations as 30 artisans attended the 

programme and many interesting points and 

questions arose from the masons.  
Figure 14: Testing of Bamboo joints 

Source: SEEDS 

Source: SEEDS 
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The funding package 

The mechanism of funding for the reconstruction of Aurlaha consisted of a total of 55.000 

Rupees for each household, given in three instalments. This strategy is generally used in 

the ODR process to monitor the progress of activities, asking as a demonstration of 

commitment from the beneficiaries to reach a predefined stage of construction prior to 

having access to the following instalment. Engineers and technicians from the field office 

of Abhiyan in Saharsa visited the village on a regular basis to monitor the quality of 

construction and provide their technical support to the local masons. 
 

INSTALMENT AMOUNT STAGE OF CONSTRUCTION  

First instalment 
 

30.000 Rs 
 

RCC and brick plinth 
Bamboo structural frame 

Second instalment 17.000 Rs Walling until the lintel level 

Third instalment  
 

8.000 Rs 
 

Roofing  
Door and window frames 
Mud plaster finishing  
Painting 

 5.000 Rs Eco-sanitation unit 

 5.500 Rs Solar lighting 

 

Table 2: The funding package 

 

The total time limit was initially agreed to be of three months, starting from May 2009.  

Nevertheless, some delays occurred due to banking and land property issues which 

shifted forward the completion of activities nearly in concomitance with the field visit of 

November 2009. 

Participatory Design 

Community meetings were set up to outline the design features of their houses through 

sketches and building exercises. This way, design concepts were tailored on community’s 

housing needs and resulted into a commonly agreed house shape. Unified design 

features were essential to better monitor the progress of reconstruction and facilitate 

replicability.    
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Technology Choice 

Appropriateness and sustainability of Bamboo technologies 

Bamboo is acknowledged to be the most widely available and rapidly renewable resource 

in the area. Three different types of bamboo are currently employed for building purposes, 

according to their natural properties: one is more suitable for making structural 

frameworks (more resistant), the other two for walling and panelling (more flexible). They 

grow naturally in the immediate surroundings of the village; bamboo is widely available 

even within the village and can be regenerated in 2-3 years, while timber could take up to 

25 years before being suitable for harvesting and processing (INBAR website). 

The Indian National Bamboo Commission states that up to 80% of bamboo growing in 

India comes from these areas. This fact makes an obvious consequence that the local 

population has lived in houses made of bamboo (together with other materials like timber, 

earth and thatch) for thousands of years. Mostly any kind of building (houses, 

warehouses, shops, granaries etc.) could be made with these lightweight materials and 

techniques handed down for generations, and generally they are able to withstand the 

strength of earthquakes, floods and hard winds. 
 

 
Figure 15: Different patterns of bamboo mats. 
 

Bamboo is rightly considered the ideal solution for ecologic and disaster resistant shelters 

for the following qualities:  

Eco-friendliness 

The International Network for Bamboo and 

Rattan (INBAR) remarks that bamboo is one of 

the fastest growing plants and available in 

abundance in the Indian forests: bamboo can be 

regenerated in 2-3 years, while timber could take 

up to 25 years before being suitable for 

harvesting and processing (INBAR website). 

Bamboo plantations can be grown also over 

degraded lands. 

1000 bamboo houses per year can 

be constructed with 70 ha of 
bamboo plantation.  

If they were built with timber, 600 
ha of natural forest would be 
destroyed each year.  

(INBAR website) 
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Energy-efficiency 

Bamboo components require little energy for production and assemblage in comparison 

with concrete, steel and timber. The carbon footprint of the building is greatly reduced and 

so is the overall cost. Processing bamboo requires 1/8 of the energy that concrete 

requires and even 1/50 of the amount necessary for steel (INBAR, website).  

 

Cost-effectiveness 

As a local resource and a strongly present element of vernacular architecture, bamboo 

techniques are well-established among artisans and rural households. Its low technology 

content provides a cost-effective option which is accessible for the most disadvantaged 

and easy to replicate. It is also possible to construct shelters in a short span of time and 

with basic equipment.  

 

Comfort 

Bamboo houses are more suitable than concrete and fire brick constructions to the local 

climatic features of warm-humid areas. This quality allows better living conditions and 

wider acceptance from local communities in the aftermath of a disaster. 

 

Disaster Resistance/Safety 

Bamboo has high qualities of tensile strength and extreme lightness. Structures are able 

to tolerate high values of deformations in the elastic range and withstand lateral forces, 

generated by earthquakes and hard wind during cyclones. 

Upgrading Bamboo techniques 

Years of Research and Development on Bamboo 

Technologies have focused on experimenting 

treatment processes which might make bamboo 

components more durable and structurally 

resistant in time. In fact, bamboo is less durable 

than other natural woods due to its hollowness 

and sensitivity to attacks by fungi and insects; 

furthermore, the high levels of humidity in tropical 

climates or during monsoon seasons can 

accelerate the decay process when in direct 

contact with moisture or soil. To this regard, a 

preservative treatment of canes with Boron (a 

chemical compound of water and boric acid) and 

storage in dry and aerated spaces are 

fundamental prerequisites for this material to Source: SEEDS 
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become a safe building solution. Technical support and clear guidelines for its pre-

treatment must be given in form of skill trainings and consultation about safety and quality 

in construction: to this regard, emphasis on fundamental aspects of construction like 

chemical treatment, curing and precautions has been given to the masons during the 

training session at SEEDS Community Hub in Madhepura District. 
 

The reconstruction of the pilot village of Aurlaha in Supaul district 

Land Planning of the village 

A reconstruction in situ took place, therefore the pre-existing topography, collocation of 

houses, plots and household properties didn’t change at all after the disaster. The typical 

plot is composed of a cluster of four main constructions: the main building with two rooms 

(bedroom + storage + upper loft), a small detached temple, a basic shelter for the cattle 

and the permanent eco-sanitation facility. Damaged houses were retrofitted and reused 

as secondary buildings for storage and living space after being repaired.  

 

 
Figures 16: Passageways in the village of Aurlaha 

 

The village is very green and lively, articulated in a dense tangle of alleys connecting 

single courtyards to wider passages, these latter leading to the paddy fields on one side 

and to the canal and main road on the other. This scheme of cluster houses is beneficial 

for their mutual shading; nevertheless, the extreme narrowness of the village roads may 

represent an issue of accessibility and safety in case of emergency.  

Bamboo trees are widely available all around the village, in the paddy fields, close to the 

canal, scattered around the houses and even in the small alleys. The extreme 

concentration of trees provides excellent shading, a cool breeze into the courtyards and 

the streets, and it protects the buildings from extreme weathering such heavy rain or 

strong winds.  
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 Figure 17: One of the entrances to the village      Figure 18: A well-shaded courtyard. 

 

House Design 

All the 41 houses have the same shape, plan scheme and spacial organization. The 

rectangular plan is divided in two rooms of equal surface, the first used as bedroom and 

the second used as storage for grain, rice, seeds and food in general.  

The house has an attached veranda on the longer front facing the courtyard, generally 

south exposed. This is a traditionally multi-purpose work space used by the women to 

work during the day and sleep at night in the hot season; moreover, it provides shading to 

the building with its roof overhang.  

 

The structure is made of bamboo columns and beams, generally tied together with 

recycled ropes from zippers (they are an industrial by-products found in plenty in the 

area). The bamboo structure is supporting the roof cladding made of CGI sheets. This 

material is known to have an extremely poor thermal insulation capacity; therefore it is 

coupled with an internal layer of straw for better insulation. 

The importance of Landscaping 
Unpaved and green areas absorb solar radiation, hence they contribute to keep the 
ambient temperature cooler. Paved surfaces (like concrete pathways and hard 
surfaces in general) are more reflecting and might generate excessive heat in hot and 
humid climates.  
 
Preserving the existing trees and adding new ones is valuable for preserving local 
biodiversity and modify the microclimate. Trees are also playing a central role in 
mitigating the impact of hazards: with their roots and branches they can slow down 
tidal waves, protect from hard cyclone winds and rains and prevent landslides due to 
their stabilizing effect on soils (UNEP, 2007).  
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The walling system consists of a frame of bamboo (a mesh of horizontal and vertical 

elements) filled with thatch, split bamboo canes or woven strips. This layer is then 

covered with 3 inches of mud plaster finished with a layer of cement plaster on the outer 

face and simple mud plaster on the inner side. Mud plaster is the cheapest and most 

available solution, but households generally opted for cement plastering as it is more 

durable and resistant to the monsoon rains.  

 

Figure 19: Bamboo walling system employed in Aurlaha. 

 
 
Roofing  
CGI sheets and straw insulation  
 
 
 
Bamboo mats 
Bamboo split strips woven 
together to form a very light and 
flexible walling system which is 
then tied and fixed to the timber 
or bamboo structure to take the 
shape of a rigid panel. 
 
Bamboo-straw walling  
A very diffuse technique in rural 
areas which consists of a frame 
of bamboo (a mesh of horizontal 
and vertical elements) filled with 
thatch, split bamboo canes or 
woven strips. External cement 
plaster made with three layers 
of mud plaster (3 inches thick) 
and a final layer of cement 
plaster and paint. 
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The perforated pattern on the upper belt was made to facilitate the air flow and 

penetration of sunlight in the loft. The bamboo loft also works as an insulating false ceiling 

for the interiors below. 
 

Use of Renewable Energy  

Lighting 

The employment of solar lighting has brought great 

benefits to the community of Aurlaha. The total 

absence of electrification in rural areas and the 

scarce provision of electricity even in towns of 

modest dimensions (the main town of Saharsa has 4 

hours of electricity a day) is an enormous constraint 

for the people, as it prevents from carrying out any 

activity of everyday life.  

After 5-6 pm in winter time, inhabited areas are completely left in the dark and it becomes 

impossible for the women to work on any of their daily chores, while the kids cannot 

study, read or play at home. The total absence of street lighting makes it difficult and 

especially unsafe to walk in the streets at night, in every village and town. The provision of 

solar lights in Aurlaha has definitely brought a significant improvement to the villagers’ life, 

as it provided a reliable and clean source of energy for an average of 5 hours every night. 

The PV panel is south exposed and connected to a battery charger, while the 

employment of LED lights instead of conventional incandescent lights allowed a greater 

energy efficiency of the system and durability (it is acknowledged that LED lights can last 

up to 10-15 years without requiring any maintenance or replacement).  

 

Cooking 

Biomass is the only fuel employed for fire cooking. It 

is obtained from food waste mixed with cow dung and 

straw. This is such a widespread and consolidated 

practice that apparently is the only form of fuel 

employed for cooking. The cow dung is mixed with 

straw and put on jute sticks collected from the canals. 

The composite is left to dry for few days, after which 

the sticks are ready to be used. The counter effect of 

this practice is that it generates lots of smoke and air pollution; hence it represents a 

health and fire hazard (there is a major risk for the thatch roofs and walling systems). The 

introduction of alternative fuels for healthier and less polluting cooking has already been 

taken into consideration.  Use of biogas is apparently under experimentation in another 
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Abhiyan’s project in Gujarat: it seems to work well when implemented as a centralized 

facility managed by the community and used to provide the fuel through pipelines.  

Water use and conservation 

Each household is provided with one manual water 

pump. Recent tests have revealed high concentrations 

of salts and arsenic in the groundwater, therefore it is 

not a safe source for drinking. A programme of 

sensitization and implementation of water purification 

techniques are still under development. The most 

suitable drinking water might be provided through 

rainwater harvesting, followed by its distillation or 

purification. At the village planning level, there is an 

urgent need for a drainage infrastructure in order to let 

the waste water drain away and avoid penetrating in 

the ground and being pumped again for domestic 

usage. The scheduling of these and other village 

infrastructures (mainly roads, benches and solar street 

lighting) are still discussed at the community meetings, as the second stage of 

participatory planning and consultation is still in the making (the first set of meetings were 

held to discuss about the house design issues, which were more urgent at the first stage 

of reconstruction).  

Sanitation issues 

One permanent eco-san facility is built for each house. 

Before this intervention, no sanitation facility was in 

place. It consists of a dry compost pit latrine, where 

the separation of human wastes in different containers 

allows reusing them for manure and irrigation of 

plants. The smell is prevented by application of ash 

after each use. 

Waste management 

The village is extremely reliant on the practices of 

agriculture and cattle breeding; therefore, any of the 

waste produced are re-employed as fodder, fuel for 

fire cooking or natural fertilizer.  

 
Figure 20: Eco-sanitation facility made with bamboo for 

frame and walls, mud plaster and CGI roofing sheets. 
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For example, the rice straw is re-used for the thatch roofs, as fodder or for basket 

weaving. The cow dung is re-used for making the biomass fuel for the stoves and as 

manure. The bamboo canes discarded during the construction process are reduced into 

smaller chips or pieces and burned similarly to the cow dung.  No presence of non-

biodegradable waste was seen at the moment of the field visit.  

Design Issues 

1. The ODR process is structured in such a way that people are free to choose what 

material is the most suitable for their economic possibilities, skills and availability of time. 

This is visible in the multiplicity of techniques which have been used in the different 

houses for plastering (cement or mud plastering), pillars for the verandas (painted PVC 

pipes filled with steel bars and concrete, bamboo pillars covered with cement plaster or 

RC columns made by using CGI sheets as framework) and external colours of façades.  

 

Figure 21: Bamboo houses in Aurlaha  

 

The overall outcome is of an extremely heterogeneous and lively settlement, where the 

single families have contributed to the beautification of the village by painting and drawing 

their houses with different and bright colours according to their tastes. 

 

2. Design considerations were added as to improve the living environment of traditional 

houses: 

 Raised height of the building to make the upper loft more comfortable. 

 Integration of disaster resistant features (plinth, loft and cross bracings),  

 Integration of ecologic services such as eco-sanitation and solar PV lighting.  

 

3. The bamboo canes were pre-treated by soaking them into water and boric acid for 40 

hours, then left drying in the open for a few days or immediately assembled (in this latter 

case, small holes were made into the trunks to let the trapped water flow outside).  

 

4. Pitched roofs are completely preassembled on the ground in all of their parts (rafter, 

purlins and cladding); when the whole slope is complete, it is assembled to the others and 

finally put onto the columns. For this phase the coordination of 10-15 masons was 
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necessary. It is a very efficient prefabrication system which is applied to all of the house 

components made with bamboo (walling and loft also). 

 

5. Joints and bolting were designed in order to 

be easily workable for local artisans in a 

‘standardised’ way, which means to ensure a 

rapid mass production of elements offsite and 

then assemblage in the field for a large 

number of shelters. These low-tech solutions 

rely on local knowledge and do not require the 

employment of expensive equipment.  

 

6. It is acknowledged that houses built with 

local materials rather than imported ones are 

often associated with poverty and 

backwardness, by both local populations and 

governmental officials (Duyne and Pittet, 

2008).   

Figure 22: Detail of the bamboo structure  

supporting the loft 

 

Nevertheless, living in vernacular bamboo houses doesn’t represent a matter of social 

status in this case, as the external plastering covers the internal structure and from 

outside one cannot say whether the structure is in bamboo, or concrete, or bricks. The 

concrete plastering has the same aspect either on bamboo and concrete columns; 

furthermore, the level of comfort is high or people are generally happy with the houses, as 

they are cool in summer and well ventilated all year. 
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Construction process 

As direct owners of their own plot of land and house, the reconstruction process started 

immediately with no property issues or need for the implementers to fund the purchase of 

public land. Abhiyan identified a few households with no land and helped them to acquire 

a new plot.  

The smaller size of those plots in 

comparison to the average plot 

owned by the other beneficiaries led 

to the experimentation of a new 

house shape. The alternative design 

consisted of smaller dwellings, with 

two rooms distributed on two floors 

rather than on a unique ground level. 

This design feature allowed obtaining 

the same living surface with identical 

expenditure for materials and labour 

but on a smaller plot area.  

 

People rebuilt their own houses by 

hiring local masons and artisans for 

the construction of the RCC and brick 

plints and the main bamboo structural 

framework; then the family itself 

managed to work on the walling 

system by assembling the mats and 

doing the plastering and flooring.  

A model house was built firstly for a 

widow living in the village, to help her 

coordinating the reconstruction of her 

new house and at the same time to 

give a model to replicate for the other 

beneficiaries. The village is relatively 

accessible from the roads and canal. 

The extreme availability of raw 

materials in the surroundings and the 

great familiarity of local artisans with 

the manufacture of bamboo 

components allowed minimizing 

Figure 23: Changing of shape and spacial 
distribution according to the plot size. 

Figure 24: Beneficiaries portrayed with the village 
master artisan  
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transportation distances and relative carbon emission, costs of materials and labourers.  

Hired masons were necessary for the construction of the brick and RCC plinths. The 

closest city is just 20-25 km far from the village, so transportation didn’t represent a 

constraint for the sustainability of the ODR process.  

The construction process was set up in such a way that salvaged material and building 

components were re-employed to the maximum extent if considered still in good 

conditions after the long permanence in the water. Families opted for reusing salvaged 

materials, e.g. the mud from pre-existing elevated plinths were used to make the mud 

plaster; window and door frames were reused and repainted; undamaged bamboo 

components were re-employed for the construction of the bamboo skeleton. Straw and 

mud are natural materials used for finishing with insulating features. 

Construction waste and debris were minimized due to the extremely limited employment 

of concrete, cement and bricks. Furthermore, the funding distributed in three instalments 

and the limited amount of money available for each of the three stages led to a well 

calculated usage of resources without wastages. For instance, the modular design of the 

bamboo structural framework, the roofing and wall panels allowed knowing the precise 

number and type of necessary elements. The splitting and weaving of bamboo for the 

mats produced wastes which were employed as cooking fuel.  

 

Figure 25: Completed bamboo house (left) and brick house (right); the construction was abandoned at the 

lintel level. 
 

At the moment of my visit to the village (November 2009), the reconstruction of the 41 

bamboo houses was completed, with the exception of few houses which still needed to be 

painted, finished with plaster or other minor interventions.  

Some households in Aurlaha preferred to use conventional techniques (RCC frame and 

fired brick filling) as they were less familiar and comfortable with the employment of 

bamboo, but they ended up spending more money for less material.  
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In fact, with the same funding package they managed to ultimate the structural framework 

and brick walling but no roof, no window frames and doors, and no finishing are yet in 

place as represented in Figure 25 on the right-hand. The building process is stuck and 

families still leave in temporary houses in the backyard, made of bamboo, mud and other 

salvaged material. 

 

Some general recommendations for green and sustainable rehabilitation can be deducted 

from the ODR experience in Bihar. The model village of Aurlaha has such many strong 

points in its process, design features and technology choices that it has represented an 

ideal starting point from which to draw out a model of implementation and a list of 

suggestions for good practices. 
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Chapter Four  

Recommendations for Green Rehabilitation  
 
 
 
 
 
 

Disaster reduction has primarily focused on physical protection to 

hazards and the economic and social spheres of sustainable 

development. Disaster risk reduction needs to be integrated into 

environmental and natural resource management. Environmental 

protection, as a component of sustainable development and consistent 

with poverty alleviation, is imperative in the prevention and mitigation of 

natural disasters”. 

  

(UN/ISDR, 2004) 
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 A framework of action for Green Rehabilitation 

 
 

 

Methodology of Green Rehabilitation 

Each step of green rehabilitation is interlinked with the next one by having as outcome a 
desired result out of that step as represented in the flow chart below. 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Table 3: Methodology of Green Rehabilitation 

Why 

A locally-based approach with a tight relation with the context has more probabilities to be 

successfully implemented and accepted in the long term. In order to introduce innovations 

for disaster resilience which are effectively benefiting the affected communities and 

strengthening existing livelihoods it is necessary to build upon people’s awareness and 

capacity to develop a sense of ownership of the entire process. 

Recommendation  

Each stage of the rehabilitation process must be based on local capacities, local housing 

culture and abundantly available resources to ensure better resilience to future hazards, 

improved living conditions and the least impact on the environment. 

Exposure visits to 
the Green 

Prototype with 
beneficiaries, 

implementers and 
governmental 

officials 

Rapid visual 
assessment of the 
site conditions to 

evaluate the natural 
and climatic 

features of the 
context 

 
Design of  

Green Solutions 

Training and 
awareness 

workshop for 
different 

stakeholders 

 

Development  
of a funding scheme 
for beneficiaries 
and start of 

reconstruction 
activities 

 

Measurement of 
Payback period and 
Carbon Footprint 
Reduction with the 

implemented 
techniques 

Construction of a 
Green Building 
Prototype 

Identification  
of local resources  
and techniques 

 

 
Detailed analysis 

report with 
identification of 

priorities 
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A Rapid Visual Assessment of the context 

 

 
 

 
 

Conducting a preliminary Rapid Visual Assessment is functional to gather in rapid time a 

wide range of quantitative and qualitative data about the characteristics of the context, 

which are needed to identify priority measures and field of interventions (see Appendix 3).  

As indicated in the Sphere Project Manual, ‘The environmental impact of pre-disaster 

sourcing practices and large-scale post-disaster demands on natural resources, such as 

water, construction timber, sand, soil and grasses, as well as fuel for the firing of bricks 

and roof tiles, should be assessed. Customary users, extraction and regeneration rates 

and the ownership or control of these resources should be identified. Alternative or 

complementary sources of supply may support the local economy and reduce any long-

term adverse impact on the local environment. Multiple sources and the re-use of 

salvaged materials, alternative materials and production processes (such as the use of 

stabilised earth blocks) should be specified, together with the adoption of sustainable 

practices such as complementary replanting or regeneration programme’ (SPHERE 2004, 

Shelter and Settlement Standard 6: Environmental Impact, Guidance Note no.3). 

 

To fulfil these objectives, it is important to check the following aspects:  

Why 

A deep knowledge of the context is functional to better reflect on existing culture, living 

conditions and vulnerabilities so that as a final output of rehabilitation, conventional and 

affordable practices will be enhanced and strengthened.  

Recommendation  

It is fundamental to identify the socio-cultural and environmental features of the context 

prior to starting the reconstruction process and try to preserve natural resources, 

vernacular styles and traditional building practices to the maximum extent. 

Features of the context 

Existing features like land form, site topography and vegetation can 

control the levels of natural ventilation and solar radiation. 

In disaster prone areas, these features must be adjusted to the 

primary requirements of safety and resilience of the site to the effects 

of flooding, earthquakes or cyclones.  

Therefore, it is always essential to assess soil stability and geologic 

composition and adapt climate conscious solutions on the basis of 

those considerations. 
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Existing resources  

A qualitative and quantitative examination of the locally available resources like raw 

materials, energy sources and labour skills is useful to plan a more culturally acceptable 

intervention, with positive effects on livelihood and environment in the long term.  

 

 

Local practices 

A survey of existing consumption patterns and living standards can be done to identify the 

major factors of environmental and socio-economic vulnerability in the region, in particular 

vulnerability to natural hazards and health risks. 

 

 
 

 

 

Checklist 

 Conventional housing features (thatch houses, bamboo, bricks etc.); 

 Existing building techniques; 

 Major sources of energy employed (lighting, cooking and water heating); 

 Assessment of environmentally sustainable practices already in place (rainwater 

harvesting, segregate waste collection, composting etc.). 

Checklist 

 Major types and availability of raw materials in the immediate surroundings; 

 Availability of local labour/skilled masons/engineers and technicians; 

 Availability and reliability of natural water bodies for drinking and domestic use; 

 Distance of the affected area from major towns and urban settlements. 

Checklist 

 Site topography: presence of slopes, depressions, undulated lands, flat lands; 

 Local climate: seasonal temperatures, humidity, rainfall values, presence of dominant 

winds; 

 Existing vegetation: trees, shrubs, green cover, unpaved areas; 

 Presence of water bodies: ponds, creeks, water tanks, canals.  
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Design of Green Solutions 

Land Planning 

 

 
 

 
 

Layout: the urban configuration might result in replicating the pre-existing layout or in 

introducing a new one, if more suitable for the implementation of passive systems for 

heating, cooling and ventilation.  

Orientation: orientation of buildings should be planned to minimize solar gains in summer 

and maximise passive heating in winter. If orientation is taken into account, it can 

considerably improve the overall level of comfort in the building by maintaining a stable 

indoor temperature throughout the day.  

Open areas and built form:  houses should have large open spaces such as courtyards 

and passage ways to maximize ventilation and free circulation of air.  
 

  

 
 

A spread out pattern is 

more advisable than a row 

disposition as to prevent 

the wind tunnel effect 

(UNEP, 2007). 

 

 
 

Generally, cluster houses are the better solution for cold 

climates as their proximity and sharing of walls consent to 

reduce heat losses and exposure to cool winds (Nayak, 

2006).  

 

 

Recommendation 

Consider local climate factors like wind and sun direction when planning the settlement 

layout, building orientation and distribution of open areas.  

Why 

A climate sensitive site planning allows reducing the dependence on non-renewable 

resources and living in healthier environments by taking advantage of natural ventilation 

and solar radiation.   
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House Design 

 

 
 

 
 
Building shape 

 

 A compact plan form (the circular one is ideal) is more advisable 

in extreme climates as it better contains the heat flow. This is 

because the surface to volume ratio (S/V) is minimized and so are 

the exposed surfaces as well. 
 
 

 
 
 
 
 
 

Building Components 

The roof receives the major part of solar radiation and its thermal performance is decisive 

to determine the indoor comfort.  

Some solutions represent a good alternative to conventional and costly materials (e.g. 

fillers and synthetic materials such as Thermocol and Polyurethane foams) and are widely 

employed in India (see Appendix 2).  

  

Inverted earthen pots can be placed over the roof 

slabs and covered with a layer of earth and paving, 

creating an insulating air gap.  

Reflecting finishing, (e.g. china mosaic floor finish 

obtained from broken ceramic tiles) can divert a high 

percentage of incident radiation. 

Why  

As a physical protection from weathering, the building envelope has the primary function 

to ensure a stable and comfortable value of indoor temperature and humidity. If climate-

conscious design considerations are not taken into account, new houses might lead to 

unbearable living conditions due to their incompatibility with the local climate. 

Recommendation 

Ensure the most comfortable and energy efficient performance of the building envelope 

(roofing, external walls and openings) in its shape design and building components.  

To the contrary, long and narrow 

shapes – better if longer axes are 

positioned in parallel to prevalent 

winds - are suitable for warm-humid 

regions as they maximize cross-

ventilation.  
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External walls need to be improved in their thermal resistance with ecologic insulation or 

aerated cavities.  

 

Figure 26: Straw insulation on CGI roofing sheets 

When made of poor quality materials like 

plastic sheeting or CGI/Aluminium sheets, 

pitched roofs can be kept cool by adding an 

internal layer of insulating material like 

straw or other recycled fibre.  

Otherwise, the heat gain might be reduced 

with a double skinned roof with a ventilated 

cavity or by addition of a false ceiling indoor 

(e.g. bamboo, plasterboard or natural fiber 

panels). 

 

Figure 27: Detail of a bamboo and straw wall  

When made of poor quality materials like 

plastic sheeting or CGI/Aluminium sheets, 

pitched roofs can be kept cool by adding an 

internal layer of insulating material like straw 

or other recycled fibre.  

Otherwise, the heat gain might be reduced 

with a double skinned roof with a ventilated 

cavity or by addition of a false ceiling indoor 

(e.g. plasterboard or natural fiber panels). 

Colour and texture of external surfaces are 

also important: it is agreed that in a light 

painted surface, transmission of heat can be 

reduced up to 80% if compared to a dark one 

(Nayak, 2006). 

 

 

Sizing and positioning of openings are 

essential in hot areas to protect from direct 

exposure to sunlight; the use of external 

shading devices is also advisable (horizontal 

brackets and vertical fins, adjustable louvers 

and roof overhangs etc).  

 

In warm-humid areas, some considerations are essential to remove heat and moisture 

from inside the building.   
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By placing smaller windows on the windward 

side and bigger ones on the leeward side, 

the draught effect is amplified; by placing the 

inlet window at lower level and the outlet at 

the higher level, the exhausted air is naturally 

removed (Nayak, 2006).   

Improved local building materials for disaster resilience 

 

 
 

 
 

Fired clay brick masonry systems and RCC structural frameworks are not sustainable as 

they require large amounts of good quality soil and cement for manufacturing; they are 

also often not compatible with specific climate contexts and local capacities, as they 

require skilled labour in construction phases and cannot be easily maintained by the 

residents.  On the other hand, many solutions have been developed and tested to give 

more structural strength to consolidated techniques through very small scientific inputs: 

these options are more affordable for the beneficiaries and encourage the recovery 

process of local markets, by involving small local contractors, producers, unskilled 

labourers and so forth. 

The major advantages of using improved local building materials can be summarised as 

follows: 

1) Low energy content: 

o They do not require firing for manufacturing (e.g. bricks and blocks); 

o They do not employ coal or firewood; 

o They do not produce emissions and pollution in the manufacturing process. 

Why  

It is essential to keep in mind that one of the major factors to determine whether a specific 

building material is sustainable or not in a particular context is its local availability. In fact, 

building materials and techniques are cheaper when locally available, while their costs 

and carbon emissions from production and transportation are reduced. 

Recommendation 

For a sustainable design and construction process, financial and technical assistance 

must be provided to make local building techniques safer, more resilient to disasters and 

more durable. 
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2) Good thermal insulating properties and durability 

3) Great potential for small-scale production for local manufacturers 

o They are easy to manufacture in situ through manual or mechanized moulds; 

o A low capital investment is required for machines and equipment. 
 
Fly-ash blocks 

Fly-ash is one of the largest available 
industrial wastes produced in India: the coal 
based thermal power plants produce 65 
million tonnes of fly-ash every year 
(BMTPC, 2008). Fly-ash can partially 
replace cement and clay due to its excellent 
mechanical properties as a hydraulic 
binder. It is certified that up to 25% of 
cement can be replaced with fly-ash without 
losing any of the characteristics of concrete 
(BMTPC, 1998).  

Figure 28: Shelter built by SEEDS in Balasore, Orissa. 

 
The lock and key design of fly-ash blocks makes them a rapid and cost-effective solution 
for post disaster response, as they do not require mortar or plastering before painting. 
 
Stabilized Compressed Earth Blocks (SCEB) 

This option consists of interlocking blocks of 
mud stabilized with 5-10% of cement and 
compressed for strength, features which 
make them appropriate for multi-hazard 
(flood and earthquake) resistant structures.  
Using local soil as a major component and 
being easy to manufacture in situ through 
manual or mechanized moulds, these 
blocks are potentially applicable in every 
region of India. Their outstanding feature, in 
comparison with conventional bricks, is that 
they can provide better thermal 
performance than conventional bricks. 

 

Figure 29: One of the 300 flood resistant shelters built with  
SCEB technology by SEEDS in Barmer, Rajasthan. 
 

Stabilized Red Mud Bricks 
Red mud (Bauxite) is a waste product of aluminium extraction and is successfully 
employed with fly-ash to partly replace clay. Those bricks are stabilized with a small 
percentage of lime for more compressive strength and resistance to water erosion. 
Therefore, this product is suitable for low-cost and multi-hazard resistant housing.  
 

Source: SEEDS, 2007 

Source: SEEDS, 2009 

Source: SEEDS, 2007 
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Stonecrete Blocks 
Stones of irregular shape and size are 
laid in cement mortar and compacted 
into moulds. This technique is used to 
optimize wall thicknesses and reduce 
construction costs without decreasing 
strength and durability (they are 30% 
cheaper than conventional stone 
masonry do to their rationalized use of 
raw material). Waste stones can be 
salvaged from demolished buildings. 

Figure 30: Stonecrete model houses tested by SEEDS  
in Patanka, Gujarat. 

 
Bamboo structures 

The whole structural framework 
(pillars, rafters, wall panels and roofs) 
can be made of bamboo in a very short 
time and with basic equipment. 
Bamboo technology enables to build 
engineered structures which are more 
appropriate to the context, 
environmentally friendly and even 
more resistant to disasters due to their 
lightweight and excellent elastic 
properties. The rising costs and scarce 
availability of materials such as bricks, 
concrete and timber in disaster 
affected areas make bamboo the ideal 
substitute; furthermore, its low-cost 
technology and durability makes it a 
viable option for disadvantaged 
communities.  

Figure 31: Construction process of the Bamboo model house 
 in Madhepura, Bihar. 
 

Source: SEEDS, 2009 

Source: SEEDS, 2003a 

SEEDS Vision 

SEEDS is a non-profit organization working to make resilient communities. For this, it adopts 

a multi-hazard locally based approach, seeking to empower communities through awareness 

generation, training and action. Appropriateness, sustainability and innovation are the key 

concepts driving the decision making process in every reconstruction project; each case is 

considered as a unique set of circumstances and consequently a different technology is 

employed. Building materials are chosen on the basis of local availability, low embodied 

energy, thermal performance, cost, durability and skills required. 
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Ecologic Building Materials  

 

 
 

 
 

Low-cost claddings are generally made of Asbestos Cement (AC), Corrugated Aluminium 

or Galvanized Iron (GI) sheets, but despite their low price and durability they are not 

healthy for people and not sustainable for the environment. Their cost effectiveness and 

durability are corresponded by high energy demand and extremely poor thermal 

properties, with evident consequences on the quality of living.  

In decades of R&D efforts the Indian Building Centres have been developed and tested a 

massive range of ecologic building materials for roof cladding, walling, insulation and 

panelling, but also products like binders, plastering and paintings. Most of them come 

from vegetable fibers and agro-industrial by-products which can be employed in partial or 

complete substitution of other components (see Appendix 2).  
 

 
Table 4: Main features of ecologic building materials and products

Why  

Ecologic building materials generate fewer emissions and wastes during manufacture, 

assemblage and transportation. Their good thermal properties help improving the habitat 

conditions in terms of comfort and healthy environment, while their low embodied energy 

minimizes the carbon footprint of the building and demand of energy. 

MAIN FEATURES OF ECO-FRIENDLY MATERIALS AND PRODUCTS 
 
Green 
They are made with rapidly renewable 
resources instead of fossil fuels (e.g. 

bamboo, certified wood) 
 

Locally available 
They entail shorter transport distances; 
hence reduced carbon emissions and air 

pollution 
 

High recycled content 

They are produced from agro-industrial 
waste or salvaged material  
 

Recyclable 

They can be used again as whole or in parts 
for different uses and as different products 
 

Biodegradable 
They are organic, hence not harmful for 
human health and environment 

 

Energy efficient  
They have a good thermal performance and 
help reducing energy loads  

 
Low embodied energy  
They require less energy for production 

Durable 
They require low maintenance 

Recommendation 

Selection of building materials and products must keep into account their impact on the 

environment and occupants’ health. 
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Use of renewable energy sources  
 

 
 

 

 

 

Solar PV 

Solar Photovoltaic is used for converting the solar radiation into 

electricity for lighting and water pumping. The PV system is nearly 

applicable in every region of the world as it employs only the 

sunlight as a primary source; the major limitation to its widespread 

employment is represented by the high costs for production and 

installation.  

 

 
 

Solar Lights 

For most remote or un-electrified areas, candles, kerosene lamps 

and battery torches are the only affordable means of lighting. 

Candle wax can be a cheap solution but the quality of light is 

really poor, while kerosene lamps are alimented by generators 

and are noisy and polluting. Other than that, kerosene is 

becoming inevitably costly due to the global increase of prices of 

fossil fuels (Practical Action, 2008a).  

 

Solar lanterns represent the most energy efficient and low-cost 

alternative: they are easy to use and install as they consist of a 

small stand-alone kit composed of a lamp with a CFL or LED light 

and a recharge battery connected to a small size photovoltaic 

panel. In one day, the PV panel generates enough electricity to 

provide 4-5 hours of lighting for the night time.  
 

 

Why 

The introduction of renewable energy sources and passive systems can decisively 

improve the living conditions of the most deprived communities by providing clean and 

cost-effective technologies for lighting, heating and cooking and reduce dependence on 

costly or scarcely available resources like fossil fuels and firewood. 

Recommendation 

Passive systems and renewable energy sources must be explored and implemented to 

the maximum extent, to reduce vulnerability to fuel shortages and minimise GHG 

emissions.  
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 Solar water heating 

The low technology content of solar collectors (they basically 

consist of a solar panel and water storage) makes them 

affordable, easy to manufacture and install. The water flows from 

the bottom of the tank to the collector on the roof, it gets warmer 

into the collector’s pipes and flows upwards, where it is stored 

again in the tank and withdrawn for final use. 

 Solar Cooking 

Solar cooking is a concept developed to reduce dependency on 

fuels and minimize in-house smokes, which cause unhealthy living 

conditions and respiratory diseases, along with indoor and 

outdoor air pollution. This method is easy to use and suitable for 

everyday cooking; in the bigger picture, it contributes to mitigate 

the effects of deforestation, land degradation and climate change.  

 Biogas 

The process of composting of organic wastes implies a natural 

emission of a gaseous compound (methane and carbon dioxide). 

Processed into small household plants (biogas digesters) for an 

average time of 100 days, biogas can provide an alternative and 

clean fuel for cooking, water heating, lighting and electricity and 

reduce carbon emissions.   

 Wind Power 

Wind power can be employed for electricity generation and water 

pumping. Similarly to PV systems, wind turbines require a backup 

generator to counter the intermittent supply of electricity; 

therefore, battery charging for electricity storage is a better (yet 

expensive) option. 
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Water Usage and Conservation Strategies  

 

 

 

 
Figure 32: Scheme of a RWH  
system (Practical Action, 2008b). 

Rain water harvesting  

Rainwater harvesting is not a solution to poor or 

inefficient water supply systems, rather an additional 

source of water to be employed for secondary domestic 

uses like toilet flushing, surface cleaning and washing. 

Water is collected from rooftop areas, paved courtyards 

and walking areas through down-take pipes and 

drainage systems; then it is filtrated and stored into a 

settling tank.  

 

This technique has also been employed for drinking and cooking purposes but it was 

reported that cultural issues (especially mistrust about the hygiene and reliability as a 

source of drinking water), made it quite an un-popular solution (Practical Action, 2008b).  

Storm waters can be collected through large catchment areas and then kept in one or 

more ground storage tanks of big dimensions. This water can be diverted into bore wells 

and simply used for groundwater replenishment (as to reduce the intensive withdrawals 

from wells and progressive depletion of water) or re-employed for agricultural irrigation or 

even used as a community facility for washing clothes and surfaces.  

Reuse of waste waters  

Reuse of grey waters is possible through basic and 

eco-friendly water treatment tanks where reeds are 

grown to absorb the nutrients and impurities from the 

water, which is then filtrated and reused for different 

purposes (again irrigation, floor cleaning and toilet 

flushing). 

Why 

The majority of drinking water in India comes from underground sources like wells and 

aquifers. It is of primary importance to ensure access to clean and reliable drinking water 

by reducing the risk of shortages due to the overexploitation of wells and by promoting 

ecologic sanitation to avoid risks of contamination of aquifers and land. 

Recommendation 

Sensitization on water-related health issues, implementation of water purification 

techniques, water treatment and proper sanitation must be addressed.  
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Water purification through solar distillation 

Solar distillation is the simplest water purification 

technique which can be used when other sources of 

clean water are not easily accessible or lacking. With 

this low tech solution, dissolved salts and other 

impurities are removed.  

Figure 33 (previous page): Scheme of a grey water treatment system with gravel bed and reeds (UNEP 2007). 

Figure 34 (above): Scheme of Solar Distillation 

 Eco-sanitation systems  

The main objective of eco-sanitation systems is to 

reduce the risks of contamination of aquifers and land, 

often caused by inadequate sewerage systems; in fact, 

improper or negligible treatment of waste waters prior to 

their discharge is source of environmental pollution and 

represents a serious health hazard. Pour-flush and 

cistern-flush toilets are not always feasible solutions 

due to their demand of water for flushing; eco-sanitation 

can be employed as a water saving strategy and 

ecological solution in situations of severe shortages or 

lack of sanitation facilities. 

 

The eco-san facility can be built for each household with 

limited expenditure as the superstructure is made of 

locally available or salvaged materials. This sanitation 

facility consists of a dry compost pit latrine, where the 

separation of solid and liquid wastes in two different 

containers allows reusing them respectively for manure 

and irrigation. Built over a lined pit or tank, it doesn’t 

employ any water for flushing; therefore, it is necessary 

to add a mixture of soil, lime and ash after each use for 

hygiene reasons (especially to control smell and flies). 
 
 Figure 35: Eco-sanitation unit made in 

   bamboo and concrete
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Waste Management Techniques 

 

 
 

 Separate waste collection and recycling 

Inorganic products like rubber, plastic and glass are non-

biodegradable. Everyday products are used and thrown away after a 

short utilization, although their manufacture and elimination is costly 

and energy intensive. Setting up informal segregate collection of 

waste like organic wastes, paper and plastic is the first step towards 

recycling instead of producing new materials and to contrast land 

filling. 

 Composting 

Common organic wastes (food wastes and kitchen trimmings, animal 

and human wastes, crop residues etc.) can be converted into a 

natural fertilizer and re-used for commercial and agricultural 

purposes. Composting can be implemented in a number of methods 

and either in a small scale, as household utilities (individual barrels or 

composting pits situated in the backyard and shared among 3-4 

families) or as a form of community-based waste processing 

infrastructure.  
 

Biogas  

The process of composting of organic waste implies a natural 

emission of gaseous compounds. Therefore, composting can be 

paired to biogas production to further reduce the carbon emissions 

and employ naturally generated sources of energy. 

 

 

Why 

Incineration of wastes is still a very diffuse practice in India and extremely dangerous for 

health as it produces toxic fumes and pollution; their storage and disposal in the open air 

generate soil contamination and air pollution. Reuse and recycling of wastes into different 

products can minimize the carbon footprint and reduce vulnerability to health hazards and 

environmental degradation.  
;

Recommendation 

Waste should be properly segregated, collected, disposed and recycled.  

Source:  
Munasinghe, 2007. 
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Construction Process 
 

 
 

 
 

To avoid generating harmful impacts on the environment, construction activities should 

also provide for segregate collection and safe disposal of waste in order to facilitate their 

reuse in other construction tasks. For example, left over concrete and demolished 

concrete components can be pulverised and employed again as cementitious products for 

concrete mix design, hard-paved surfaces or as cement plastering. 
 
 

 

Why 

A well implemented construction process is a fundamental requisite to avoid rapid decay 

of the structures, issues of malfunctions or expensive maintenances and retrofitting.  

Recommendations 

 

PLANNING OF TRANSPORTATION 

A careful planning of distances for transportation of raw materials and labourers must be 

considered to reduce costs and carbon emissions.  

 

MINIMIZATION OF CONSTRUCTION WASTES 

Generation of waste and pollution must be monitored and minimised during construction 

activities. 

 

M&E AND TECHNICAL SUPPORT 

Technical support and regular surveys during construction phases are necessary to 

monitor the standard of safety and quality of building practices and materials employed.  
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Chapter Five  

Conclusions 
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Project Impact 

A green rehabilitation process that is socially, culturally and environmentally sensitive can 

provide a wide range of long term benefits to the environment and communities, with 

positive consequences on living conditions, livelihood and environment.  

 

ENVIRONMENTAL BENEFITS 

 Enhanced thermal performances in buildings 

 Conservation of prime resources (biomass, fossil fuels, water, air, land) 

 Reduction of GHG emissions and waste generation 

 

SOCIO-ECONOMIC BENEFITS 

From culturally and climate sensitive design concepts 

 Enhanced residents’ health 

 Improved living conditions 

 Reduction of construction and maintenance costs 

From improved disaster resistant techniques with local materials 

 Awareness raising 

 Capacity Building / Skill upgrading on local techniques 

 Job security and growth   

From the process 

 Community Empowerment 

Participatory Process  

Capacity Building  

Sustainable Livelihoods 

 Establishing cooperation and knowledge sharing among stakeholders 

 Scaling-up of this approach to other geographical areas and wider realities  

 

The case study of Bihar can be considered an ideal example of integration of ‘green’ 

concepts into the process of owner-driven reconstruction. Environmentally conscious 

design and local techniques are perfectly integrated at any stage of the process, starting 

from the activities for awareness raising and skill training to the physical construction of 

the village. In this specific ODR process initiated in Bihar, these benefits have been 

identified as follows: 

1. With its wide range of IEC (information, education and communication) activities, the 

process contributes to reducing the vulnerability of people by improving awareness about 

the environmental risks in the region and by empowering the existing capacities of target 

communities. 



 

68 
 

2. It acts as a catalyst in mitigating the environmental degradation and dependence on 

external resources by improving the existing means available, like local raw materials and 

well-established techniques. The Demonstration Units of Bamboo housing and Ecologic 

Sanitation aimed at sensitising local populations and especially institutions about how the 

current conditions and practices can represent a serious threat to human health and 

natural environment, along with how it might be possible to enhance living standards and 

well-being with renewable energy and ecologic interventions.  

3. It enables to fulfil the principles of ‘building back better’ by disseminating safe and 

sustainable housing concepts while providing ideas and support for new job and livelihood 

opportunities. 

4. It has the potential to initiate a collaborative mechanism among different stakeholders, 

giving the opportunity to local communities, institutions and organizations to share their 

knowledge and work together on a more constructive way towards rehabilitation and 

development. 

 

With specific reference to the house design, technology choice and construction process, 

the major outcomes identified where both of environmental and socio-economic 

relevance:  

 

Environmental benefits 

 The employment of bamboo promotes to combat the overexploitation of natural timber 

forests and changes in local climates.  

 Bamboo requires little energy for production when compared to concrete, steel and 

timber. The carbon footprint of the building is greatly reduced and so is the overall 

cost.  

Socio-economic benefits  

 Bamboo houses are more suitable than concrete and fire brick constructions to the 

climatic features of warm-humid areas. This quality allows better living conditions and 

wider acceptance from local communities in the aftermath of a disaster. 

 By being a cultural heritage, traditionally handed down for generations, it is also a very 

popular building technique among rural communities, so beneficiaries can contribute 

during reconstruction with their practical experience and indigenous knowledge, and 

develop a major sense of ownership and intimacy with their house. 

 Its low technology content provides an option which is accessible for disadvantaged 

populations and easy to replicate.  

 It is possible to construct shelters in a short span of time and with basic equipment. 

The efficiency of such technique allows providing temporary shelters in rapid times to 

the affected populations, without giving up to basic needs of quality and durability. 
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Challenges 

Development and testing of alternative strategies for green building technologies and 

sustainable livelihoods is encouraged and implemented in India. A wide range of 

academic and research institutions, governmental agencies, professionals and non-

governmental organizations are significantly contributing to promote environmental 

sustainability in the building sector. Kirtee Shah, former President of Habitat International 

Coalition and director of the Ahmadabad Study Action Group has a strong view on this 

point: ‘To say that there is no awareness or action is simplistic. The stakeholders are 

engaged in many ways. Things are happening. However, short term cost reduction rather 

than long-term sustainability is the prime concern’ (in Shah, 2001).  

Nevertheless, the Central Building Research Institute in Roorkee, which is probably the 

major Building Centre established in India reports that, even though impressive 

achievements were reached in the R&D sector, there is still a poor acceptability and 

limited employment of alternative and indigenous building materials in reconstructions. 

The reasons are manifold and can be summarised as follows: 

 

 Lack of technical knowledge and awareness about unconventional materials 

among professionals;  

 Low confidence and prejudices on quality (fear of malfunctions and short 

durability) on behalf of governmental institutions, which do not support 

organizations to implement alternative techniques; 

 Negative attitude towards employing indigenous materials and techniques; 

vernacular housing is perceived as being backward respect to westernised 

models (Duyne and Pittet, 2008); 

 Non-inclusion in various National Codes and specifications; 

 Lack of cooperation among stakeholders to promote local housing culture and 

along with improved disaster resistant building techniques. 

 

Furthermore, it is underlined that the speed required for reconstruction often leads aid 

agencies to choose standardized reconstruction of settlements, or at least to give priority 

to conventional, well-established solutions rather than to develop experimental projects, 

which would involve long-term initiatives of community engagement, and technical 

expertise to test and improve innovative solutions.   
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Future direction  

1. Need for a global action strategy and policy framework 

There are many initiatives for sustainable environments going on in the Country, ranging 

from awareness campaigns, lab testing, promotion of pilot projects and skill trainings, but 

they are still marginal and scattered as a consequence of the lack of a global action 

strategy. A universally recognised policy framework is still missing and probably, the 

environmental sustainability is still not unanimously recognized as a priority concern 

among the central institutions.  

 

2. Setting up a long-term evaluation plan for the implemented measures 

Green Rehabilitation projects are scattered and yet too recently implemented, so that it 

was not possible to give an assessment of benefits and improvements effectively 

generated in the long term. It would be useful to verify if long-term goals have been 

achieved in a lapse of time of two to five years. For example,  to evaluate whether the 

employment of passive systems and environmentally friendly materials have effectively 

reduced the impact on natural resources and carbon emissions; if the technical 

improvement of local building techniques has been accepted by local communities and 

has generated new job opportunities and livelihood options; finally, if chosen constructive 

solutions have withstood severe weathering or natural hazards without compromising 

their safety and durability requirements. 

 

3. Building a local culture of disaster reduction   

Capacity building transferred and shared through education, awareness and training is a 

fundamental step in a rehabilitation process. To this regard, it is of central utility to 

establish a strong linkage among all the local stakeholders (institutions, grassroots 

organisations, academia and research centres), so that they will have gained adequate 

capacity to keep on advocating and acting for environmental conservation and community 

based initiatives of disaster reduction in the future. 

  

The main goals of ‘building back better’ and improving existing livelihoods finds solid 

foundations into the development of a local culture of disaster reduction and 

environmental conservation, where the knowledge sharing and technology transfer enable 

communities to gain confidence in the process. ‘Empowering’ communities means to give 

them the possibility to develop a sense of ownership and deep understanding of the 

issues through education, awareness generation, training workshops and complete 

involvement into action. In this sense, SEEDS is exemplar in its vision and methodology 

as it adopts a locally-based approach to disaster response, where building resilience is 

not just intended as a physical reconstruction of safe and multi-hazard resistant shelters, 
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but where people’s knowledge has an immense value for technology transfer, awareness 

generation and future replicability.  

The promotion of masons’ training workshops, advocacy campaigns, exchange programs 

of affected communities, exposure visits to prototype houses and many other educational 

activities are all part of a process which is oriented to people’s understanding and not just 

‘engagement’ or ‘consultation’ of communities. This strategy can be successfully up-

scaled at the national or international level; a model approach to community rehabilitation 

which is replicable and adaptable to other vulnerable locations of the world, with different 

geographical, socio-cultural and economic conditions. 
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Appendices 
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Appendix 1: Planning and design considerations for different Indian climate 
areas (Source: BEE) 
 
Climate Zone Map of India  

(Source: BEE, 2009) 
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Summary Table 
Planning and design considerations for different Indian Climate Areas 
recommended by the Ministry of Non-Conventional Resources  

Reference: Nayak J.K., Prajapati J.A. (2006), Handbook on Energy Conscious Buildings, , New Delhi, India. 

 

CLIMATE AREA  RECOMMENDATIONS 

 

Hot and Dry Climate: Western and Central 

India (e.g. Jodhpur, Jaisalmer). 

Main Features: High variations in temperature 

(hot in the day and cool in the night), low 

humidity, hot dusty winds. 

Flat areas, sandy or rocky soils, scarce 

availability of underground/surface water and 

vegetation. 

 

 Ensuring shading and ventilation (North-

South oriented streets; open spaces, 

verandahs and courtyards; roof overhangs 

and external fins; clusters for mutual 

shading of buildings) 

 Decreasing exposed surfaces (round plan 

form and/or vaulted roof are ideal) 

 Increasing thermal resistance (aerated 

brick/block walls; building materials with low 

thermal conductivity value) 

 

Warm and Humid Climate: Coastal areas  

(e.g. Mumbai, Chennai, Kolkata). 

Main features: medium-high temperatures and 

very high humidity (70-90% throughout the 

year); frequent and intense precipitations. 

Flat areas, slopes, depressions; abundant 

vegetation and surface water bodies. 

 

 Ensuring ventilation and air movement 

(North-South oriented streets or parallel to 

prevailing winds; spread out buildings; large 

open spaces)  

 Increasing shading (overhangs, verandas) 

 Ensuring aeration of components (soil/mud 

brick/block cavity walls; double roof with 

ventilated cavity; insulation is not decisive). 

 Decreasing humidity levels (by favouring 

cross ventilation with long and narrow plan 

form and by catching cool winds) 

 Protecting from moisture effects and heavy 

rains (water proofing of walls, roofs, surface 

finishing;  planning water drainage systems) 

 

Temperate Climate: hilly regions. 

(e.g. Pune, Bangalore) 

Main features: Medium temperatures all year; 

high levels of humidity just during Monsoon 

season, otherwise below 50% for the rest of 

the year. 

Hilly or undulating terrains, abundant 

vegetation. 

 Ensuring ventilation and air movement in the 

hot season (North-South oriented streets or 

parallel to prevailing winds; spread out 

buildings; large open spaces)  

 Increasing shading on the west side of 

buildings (overhangs, verandas) 

 Ensuring aeration of components (soil/mud 

brick/block cavity walls; double roof with 

ventilated cavity; insulation is not decisive). 

 

Cold Climates: northern part of India.  Maximize solar gains (East-West oriented 
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(e.g. cold and cloudy: Shimla; cold and sunny: 

Ladakh). 

Main features: Extremely low temperatures and 

cold winds in winter; pleasant summers with 

high humidity in cold and cloudy regions. 

Cold desert climate, little vegetation and 

mountainous desert landscape in cold and 

sunny areas. 

streets; building location on the southward 

side of a slope or mountain; reflective 

surfaces on paved external areas; living 

spaces located on the southern side) 

 Reduce heat losses (cluster configuration; 

compact form of buildings; insulated roofs; 

insulated/cavity walls on the northern side; 

false ceilings) 

 Minimize exposure to cold winds (building 

location on the leeward side; cluster 

configuration 

 

Composite Climate: central part of India. 

(e.g. New Delhi, Kanpur, Allahabad). 

Main features: Alternation of very diverse 

seasonal conditions (hot and dry, warm-humid 

and cold climate). 

Variable landscape; seasonal vegetation; 

strong winds from south-east during monsoons 

and cold winds from north-east in winter. 

 Ensuring ventilation and air movement 

during the Monsoon season 

 Ensuring shading (North-South oriented 

streets; open spaces, verandas and 

courtyards; roof overhangs and external fins; 

clusters for mutual shading of buildings) 

 Increasing thermal resistance (aerated 

brick/block walls; building materials with low 

thermal conductivity value) 
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Appendix 2: Suggestions for eco-friendly materials (Source: BMTPC) 

 

Natural Fiber Boards, Panels and Corrugated Sheets  

Agro-industrial wastes of various natures like rice husk, wood chips, bagasse (by-product 

of sugar industry), coconut pith, sisal fibers, jute and many others can be recycled and 

turned into rigid boards and panels.  

Flat panels  

Fibers are bonded with a mix of fly-ash and cement (namely Cement Bonded Fiber 

Boards) or polyester resins (Fiber Composite Panels) to be assembled into high-density, 

rigid sheets and boards. The final products demonstrated to have good thermal properties 

and fire resistance but their qualities and related environmental benefits are rarely 

recognized and included in National codes and certifications.  

Corrugated sheets 

Similarly to flat panels, natural waste products are employed for corrugated roofing 

sheets. The manufacture process consists of putting the cement bonded fibres on a 

corrugated mould under hot pressure for 8-10 hours and curing of cement. This low-

energy manufacturing process makes them 50% cheaper than conventional Corrugated 

Iron sheets (CGI) and represents an excellent opportunity to recycle agro-industrial 

wastes.  

Insulating panels  

Insulating materials are generally marketed in form of synthetics foams and fiber panels 

(polyurethane foams, expanded polystyrene slabs or fiberglass batts). Those are energy-

intensive materials and not biodegradable or recyclable. Cellulose insulating panels 

(obtained from recycled newspapers and cardboard, grinded and bonded with polymeric 

resins) have a higher recycled content than any other insulating material, while its 

embodied energy is the lowest as it is not produced in furnaces. 

 

Major industrial bamboo walling systems  

Bamboo mat boards 

Bamboo mat boards consist of 2-3 layers of bamboo mats glued together with resins and 

an interposed layer of cheap quality wood veneer, then hot-pressed and trimmed into 

regular boards. They find employment as substitute of wood and regular plywood, but 

have a lower thermal insulation capacity.  

Bamboo mat corrugated sheets 

These roofing sheets may represent a good solution for roofing and walling because of 

their low thermal conductivity, fire resistance and extreme lightness. Seeing that they 

need to be mechanically pressed into moulds, they might represent an over-expensive 

solution for remote/rural areas and similarly to other industrial products they might require 

long transport distances. In this case, thatch roofs and hand-made clay tiles are better 

options.  
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Cement, Sand, Aggregate for Concrete, Mortar and Plastering   

Agro-industrial wastes can be used to reduce the content of pure cement in concrete, 

mortar and plastering; fly-ash, waste lime, phospogypsum (a waste product of fertilizer 

industries) and rice husk are some of the products which have been tested and currently 

used as hydraulic binders. It is also advisable to reuse pulverized concrete cement debris 

salvaged from demolitions and site landfills.  

 

Paints, Sealants and Adhesives  

It is rarely known that paints are generally solvent-based and contain toxic and pollutant 

chemical components named Volatile Organic Compounds (VOC). VOC evaporate slowly 

into the indoor and outdoor environment even for months after application, especially in 

conditions of high temperature and humidity, with harmful effects on ecosystems 

(environmental pollution, ozone depletion) and human health (nausea, irritation of eyes 

and difficulty of respiration; in case of protracted exposures also heart and lung diseases, 

or cancer). Commonly marketed low VOC products are for example water based paints 

and epoxy resins. 
 
Summary Table  
 
CONVENTIONAL MATERIAL SUGGESTED ALTERNATIVES 

CONCRETE, MORTARS, CEMENT PLASTERING 

Ordinary Portland Cement  

 

Blended Portland Cement (BPC): pozzolanic 

components such as fly-ash, furnace slag, rice 

husk ash, pulverized debris. 

Natural sand and aggregates Pulverized debris; sintered fly-ash. 

STRUCTURAL SYSTEMS 

Load bearing walls (bricks, blocks) 

RCC frames 

Prefabricated RC components (roofs, columns, 

beams, lintels) 

Bamboo structures 

WALLING 

Fired bricks of burnt clay 

Hollow Concrete blocks 

Stabilized red mud brick; Fly-ash and clay 

bricks; Stabilized Compressed Earthen Blocks; 

Fly-ash blocks; Pulverized debris and cement 

blocks. 

Bamboo reinforced walls 

Stone masonry Stonecrete Blocks 

PLASTERING 

Cement Plaster Portland cement plaster- pozzolana (25%-50%) 

Calcium Silicate Plaster 

Mud Plaster 

Gypsum Plaster Phosphogypsum Plaster 

ROOFING (CORRUGATED SHEETS)

Asbestos Cement (AC) sheets  Coconut fiber CS  
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Corrugated Galvanized Iron (CGI) sheets 

Corrugated Aluminium sheets 

Wooden chips CS 

Cellulose CS 

Bamboo Mat CS 

BOARDS AND PANELS (FALSE CEILING, WALLING, FLOORING)

Timber panels 

Plywood panels 

Asbestos Concrete (AC) panels 

Bamboo: Bamboo mats; Bamboo mat boards; 

Bamboo mat veneer composite panels. 

 

Wood substitutes from natural fiber-based 

waste products: Fly-ash/Cement bonded fiber 

boards (bagasse, rice husk, wood fiber, 

coconut pith, sisal fiber, sun hemp); Wood 

chips boards. 

 

Timber from government certified plantations 

  

Rapid renewable timber: Poplar, Rubber, 

Eucalyptus 

  

Timber from salvaged wood 

INSULATION 

Foamtex (Polyhuretane Foam)  

Thermocol (Expanded Polystyrene) 

Fibreglass 

Mineral Wool 

AC panels 

Cellulose insulation 

 

Wood wool panels 

 

Compact straw panels

FLOORING AND PAVING 

Concrete paving blocks 

Cement Tiles 

Fly-ash Blocks 

Pulverized debris blocks  

Terrazzo flooring 

Ceramic tiles non-vitrified 

Bedding layer and hard surfaces Pulverized debris  

PAINTS, CHEMICALS, SEALANTS AND ADHESIVES 

Solvent based products Low VOC products: water based paints; epoxy 

resins and adhesives.  
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Appendix 3: Location maps of Bihar and 2008 Kosi floods  
 
Map 1: Location of Bihar in the Indian Subcontinent 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Map 2: Bihar Districts  
Araria and Supaul).  

 
 

BIHAR
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Map 2: Bihar Districts   

(The highlighted areas correspond to the five flood affected Districts of Saharsa, 

Madhepura, Purnia, Araria and Supaul).  

 
Map 3: Flood inundation extent on 24th August 2008  
 

 
Source:  FMIS Bihar available at http://fmis.bih.nic.in/kosi_breach.html 
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Appendix 4: Checklist for Green Rehabilitation 
 
The following RVA form and Checklist for Green Rehabilitation were tested during the 
survey of the village of Aurlaha, Supaul District, Bihar in November 2009. 
 

1. RAPID VISUAL ASSESSMENT FORM FOR GREEN REHABILITATION  

1.1 ASSESSMENT OF THE EXISTING FEATURES OF THE CONTEXT 

Site topography (slopes, depression, ondulated, flat) x 

Local climate x 

Dominant winds - 

Existing vegetation  x 

To prevent soil erosion (Mandatory)  

To provide shading  

To preserve local biodiversity  

To prevent heat island effect (microclimate)  

Existing water bodies x 

1.2 ASSESSMENT OF EXISTING RESOURCES 

Major types and availability of raw materials in the immediate surroundings x 

Availability of local labour/skilled masons/engineers and technicians x 

Availability and reliability of natural water bodies for drinking and domestic use In progress 

Distance of the affected area from major towns and urban settlements 20 Km 

1.3 ASSESSMENT OF EXISTING PRACTICES 

Survey of relevant/conventional housing features (thatch houses, bamboo, 

bricks etc.) 

x 

Survey of existing building techniques x 

Describe the major sources of energy employed for:  

Lighting No lighting 

Cooking Cow dung 

Water heating Fire stoves 

Transport  

Other:   

Assessment of existing environmentally sustainable practices   

Rainwater harvesting  

Solid waste segregate collection  

Composting x 

 

2. CHECKLIST FOR GREEN REHABILITATION 

2.1 LAND PLANNING 

Consideration of land topography and existing landscape x 

Buildings Orientation   

To optimize solar radiation  

To harness the direction of winds for natural ventilation  

Street width and orientation (N-S is better)  
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Street width (to enhance ventilation effects, mutual shading etc.)  
 

Built form   

Spread out pattern (better to prevent wind tunnel effects) x 

Row houses  

Cluster houses x 

Conservation/increase of the existing vegetation  x 

To prevent soil erosion (Mandatory)  

To provide shading  

To preserve local biodiversity  

To prevent heat island effect (microclimate)  

Conservation of existing water bodies x 

Treatment of open areas  

Paved areas  

Unpaved areas x 

Green areas  

2.2 HOUSE DESIGN 

House shape:  

Compact/circular to contain the heat flow  

Long and narrow to maximize cross-ventilation  x 

Roofing 

Flat roof   

Insulation:  

Inverted earthen pots  

False ceiling (loft, natural fiber panels)  

Plastering  

Reflecting finishing (e.g. china mosaic floor finish)  

Pitched roof x 

Insulation: x 

Straw x 

False ceiling (Loft, natural fiber panels) x 

Ventilated cavity between sheets  

Reflective coating/reflecting tiles  

Cladding: thatch, clay tiles,  

Walling   

Insulation: x 

Straw/ natural fiber boards  

Mud Plastering  x 

Ventilated cavity  

Colour of external surface Pale colours 

Waterproofing treatment  

Openings  

Position on opposite walls x 
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Position on the wall: lower inlet + higher outlet windows  

Size: smaller inlet+bigger outlet  

Shading devices:  x 

Roof overhangs  

Veranda x 

Horizontal brackets and vertical fins  

Louver windows  

2.3 CHOICE OF BUILDING MATERIALS

Materials with recycled content  

Rapidly renewable materials x 

Locally available materials x 

Reuse of salvaged materials: x 

For the plinth (e.g. pulverized debris)  

For the structural framework (bamboo/bricks in good conditions) x 

For the finishing (e.g. mud from the previous plinth reused for mud plastering) x 

Door and window frames x 

Use of certified wood for materials and furniture  

Description of selected building materials for: 

Plinth  RC and bricks 

Structural system Bamboo  

Walling Bamboo mats (thickness 3 inches) 

Roofing CGI sheets and straw insulation 

Plastering Cement (external side)  

Mud plaster (internal or both sides) 

Insulation Straw (roof) 

Internal mud plaster (walls) 

Flooring and paving Mud floor / Cement floor 

Paints, sealants and adhesives N/D 

2.4 USE OF RENEWABLE ENERGY 

Energy efficient lights (CFLs, LED lights) x 

Solar lights (PV kits) x 

Solar PV  x 

Solar water heating   

Solar cooking  

Biogas  

Wind energy  

Biomass (e.g. rice straw, cow dung or other instead of firewood) x 

What fuels for:  

Cooking Cow dung 

Heating  

Lighting/Electricity generation  Solar (100%) 

2.5 WATER USE AND CONSERVATION 

Rainwater harvesting In progress  
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For groundwater replenishment  

For reuse (irrigation, toilet flushing, surface cleaning)  

For drinking use x 

Grey water treatment (reeds or other):  

For irrigation  

For cleaning  

For flushing  

Water purification In progress  

Solar distillation  

Other:  

Ecologic sanitation x 

Septic tanks  

Dry compost toilets/double pit compos toilets x 

VIP (Ventilated Improved Pit)  

2.6 WASTE MANAGEMENT 

Segregate waste collection x 

Recycling of non biodegradable wastes  

Composting facilities for reuse of humid wastes x 

2.7 CONSTRUCTION PROCESS 

Separation of construction wastes for recycling/reuse x 

Waste reduction strategies in place 

 

x 

Transport distance for workers 20-25 Km 

Transport distance for building materials In situ;  

Max 20-25 Km 

2.8 MAINTENANCE PROCESS 

Provision of ‘Green Home’ guidelines for the occupants 

(Features of the house, information for usage, benefits etc.) 

In progress 

Provision of IEC materials and trainings   
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