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SUMMARY  

This report provides information on the process of vermicomposting and how it could be 

employed by the village of Devikulam to eliminate organic waste. 
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Currently in the village of Devikulam there exists no environmentally sound and sustainable 

way of dealing with waste generation, collection, treatment and disposal. Lack of a waste 

management system can lead to health problems and significant environmental degradation. 

As the people of Devikulam rely on the land, any environmental damage can be devastating. 

This project aims to solve waste management in a way that will improve the lives of the 

people of Devikulam and help the environment in the process. 

 

Our proposed solution aims to reduce solid waste in Devikulam through a cost-effective 

composting process called vermicomposting. Vermicomposting is the process by which 

worms are used to convert organic materials (usually wastes) into a material known as 

vermicompost. Throughout India there are already many villages and urban areas that 

successfully employ vermicomposting as a viable technique of dealing with organic waste. 

Our group has looked into the reasons these systems have been successful and used this 

knowledge when designing our proposed system.  

 

As well as proving to be largely effective in eliminating organic waste, vermicomposting has 

also been shown to provide numerous other benefits to societies in which it has been 

implemented. The resulting product (vermicompost) is vastly superior to chemical fertilizers 

and does minimal damage to the environment. Vermicompost is also a valuable product that 

can be used as a supplementary source of income. Our system will aim to provide these 

benefits to Devikulam as well as helping to promote self worth and a stronger community 

spirit within the village.  

 

The decomposition of organic waste can be dangerous for human beings and the 

environment. As such a failure to alter the situation in Devikulam could have devastating 

consequences. The decomposition of waste can release chemical components into the soil and 

waterways as well as the atmosphere in the form of methane. Additionally untreated waste 

has the potential to become a breeding ground for disease. It is therefore vital that a waste 

management solution such as vermicomposting be implemented to avoid causing any further 

damage. 

 

The implementation of our waste management solution will result in numerous positive 

outcomes for the people of Devikulam. In addition to eliminating organic waste and reducing 

the risk of health problems and environmental degradation, vermicomposting also provides 

the village with a non-chemical fertilizer and a source of supplementary income. 
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INTRODUCTION AND BACKGROUND 

Devikulam is a poor rural village located in India‟s southernmost state of Tamil Nadu (figure 

1).  The village is surrounded by a lush landscape however due to poor infrastructure the 

majority of the community live below the poverty line. The village has a caste system 
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consisting of 2 casts, the “Most Backward Class” who live in the Devikulam village and the 

“Scheduled Class” who live in the colony
1
.  

 

 

 

 

 

 

 

Figure 1: A map of India showing the state of Tamil Nadu 

Currently Devikulam has no waste management systems resulting in uncontrolled dumping 

of household waste, which in turn causes other negative effects on the community. The 

presence of waste in close proximity to houses contributes to poor sanitation and bad health. 

The dumped waste initially becomes a breeding ground for insects and rodents, which spread 

unwanted diseases. The waste then infiltrates and pollutes water resources and the air
2
.  

Research shows that over 80% of all disease in developing countries is caused by 

contaminated water, inadequate sanitation and poor hygiene
3
. Devikulam has a beautiful 

landscape however uncontrolled dumping reduces the aesthetics of the village, and reduces 

tourism to the area. 

Hence the objectives of this project are; to design a cost effective, sustainable waste 

management system for the community and implement an educational program which will 

commence in the school. This proposed system will then serve to reduce the instance of 

disease by preventing the breeding of rodents in waste, improve crop yields by providing a 

ready to use fertilizer and initiate an attitude change towards waste. An attitude change is 

needed as currently waste is treated in a very linear and non-cyclic way. The waste is seen as 

a problem which needs to be eliminated as oppose to a product that can be refined or recycled 

to generate income
4
. 
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These objectives will be accomplished by an aerobic vermicomposting system which will 

recycle household organic waste. The finished compost will contain worm castings which 

have 5-11 times more nitrogen, phosphorous and potassium than the surrounding soil. 

Finished vermicompost contains more nutrients than traditional garden fertiliser
5
. Research 

shows that in Lucknow, India 82% of the waste produced is organic
6
, while in Karachi, a 

rural village in Pakistan 96% of the waste is organic hence composting is a suitable solution. 

Composting has many proven benefits including;  

- It provides an effective fertiliser   

- It removes organic matter from the waste stream, hence it improves other recycling 

operations 

- Reduces the amount of organic waste in landfill and thus it is one of the simplest ways 

to prevent methane emissions hence reducing global warming  

- Addresses significant health issues such as reducing Dengue fever by controlling 

rodents and insects 

- Composting can commence with little capital and operational costs
7
  

Composting systems have been implemented in India previously. In 1920 the process of 

using cow dung mixed with agricultural waste as a fertiliser, became a recognised method to 

treat organic waste. However it wasn‟t until 1980 that the concept of decentralised 

composting with the help of community initiative was realised
8
. Additionally a study was 

carried out to examine 11 heavily subsidised mechanical municipal compost plants in India. 

The study found that only 3 were operational and they were operating well below their design 

capacity. It was recommended that it would be beneficial to set up several small manual 

composting plants rather than one big plant
9
. Hence our group will consider multiple 

vermicomposting bins to be the best design to be implemented in Devikulam.      

This project has limitations which needed to be considered and minimised. Primarily 

technical constrains exist with regard to local qualified personal. Without adequately trained 

local personnel a project cannot continue effective operation. Additionally a lack of research 

may lead to the selection of inappropriate technology. Technology which is effective in 

western countries may be unsuitable due to local climate and conditions, resource capabilities 
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and social or cultural acceptability. Financial constraints are also a factor in developing 

countries so any project must be cost effective. The ability for the community to sell the 

finished compost is influenced by the market, thus introducing economic constraints
10

. In 

developing countries there is often a negative perception of waste handling. In India the caste 

known as the “Untouchables” traditionally deal with the waste and most people consider such 

work beneath them
11

.  

This project will minimise as many limitations as possible, the community will be educated 

about the use of the composting system to ensure an understanding and acceptance of the 

project. Materials for construction will be locally harvested thus reducing the costs. 

Additionally research shows that due to religious reasons the people will not use composted 

human waste as a fertiliser hence the system will not deal with human waste. Excluding 

human waste from the composting system will also reduce potential objections to the project. 

This is paramount as the success of this project is based on the wiliness of the community to 

activity participate in the project. 

APPROACH 

Problem identification  

The first traces of civilisation in India are along the Indus river; the river from which India 

derived its name. Many mysteries still surround the Indus valley civilisation but the people 

are believed to have been Dravidians. The two main cities Harapa and Mohenjadaro, which 

are now in Pakistan, appear to have extensive town planning. The people processed 

domesticated animals, harvested crops and may have been sea- faring. The society appears to 

be urban which defies the idea that India is essentially an agricultural civilisation
12

. However 

in modern India many rural villages rely on agriculture to produce food and generate income.   

Modern day India is divided into 28 states and 7 union territories with a population of more 

than 1.2 billion people. Under the guidance of Mahatma Gandhi India became an independent 

nation in 1947. Throughout India many different languages are spoken and people originate 

from different cultures. Four of the world‟s major religions- Hinduism, Buddhism, Jainism 

and Sikhism originated in India. Traditional Indian society revolves around a caste system 

which defines social restrictions
13

. Dalits (“Untouchables”) are the lowest rank and most 

continue to face persecution and discrimination, despite the fact that there are laws against 

discrimination. In article 15 of the Indian constitution it states “the State shall not 
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discriminate against any citizen on grounds only of religion, race, caste, sex, place of birth or 

any of them”
14

.  

Devikulam is a small rural village which is located in the Villupuram district, India. The 

Villupuram district has a total population of 2 960 373
15

. “Devi” means goddess and “kulam” 

means pond, locally the name of the village means „Village Blessed by God‟ however 

literally the translation is „Goddess of the Pond‟
16

.  The village is surrounded by a lush 

landscape full of tropical plants and wildlife
17

. The population of the village is 358 people 

and households generally contain 4-7 people.  Houses are usually a hut style with mud floors, 

mud or burnt brick walls and thatched roofing (figure 3). The houses generally do not contain 

a toilet and hence open defecation is a common practice. Women primarily manage 

household chores as it is believed women should be satī (true and devoted wife) and 

pativratā (faithful and devoted to the husband)
18

.  A majority of the community of 

Devikulam are Hindu. Hinduism originated in India around 1500BC and Hindu‟s call their 

religion “Sanatama Dharma” which means eternal religion
19

. Hindu‟s believe in 

reincarnation which is based on the principle of karma and worship in temples
20

. Hinduism 

has many religious festivals and holidays throughout the year (appendix 1).   

 

 

 

 

 

 

 

Figure 2: The Devikulam Lake 
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Figure 3: A typical house with a thatched roof and mud brick walls 

Devikulam‟s primary industry is agriculture with many residences owning their own plot of 

land typically 2-5 acres. A variety of crops are cultivated including tapioca, rice, sugar cane, 

ground nuts and watermelon.  Transport options in Devikulam are very limited; about 12 

families own a motorbike and one third of the families own a bicycle. However the bicycle is 

usually ridden only by the men.  For most of the community walking is the main mode of 

transport
21

.  The most common celebration in the village is the Amman temple festival where 

the community offers millet and rice to the gods
22

. Based on temperature data from Salem 

station, which is near the Villupuram district the temperature is relatively constant throughout 

the year ranging from 20- 39
0
C

23
. The rainfall in the Villupuram district ranges from 

1001mm to 1200mm per year with most of this falling during the North East Monsoon season 

from October to December 
24

(appendix 2). In Tamil Nadu 48% of the annual rainfall is 

received during the North East Monsoon season. Tamil Nadu also receives heavy rain during 

the South West Monsoon season from June to October
25

.  

To obtain information about the current waste situation I contacted Navin who works with 

Yearoutindia, a volunteer organisation which runs conservation and community development 

programs in South India. Navin has been working at the Mannan Tribal Settlement in the 

Iddukki district and thus was able to provide further information about the current waste 

situation in remote rural villages. He stated that the rural villages needed waste management 

system to be implemented. Currently the waste (including any plastics) is burnt in the 

evenings and waste is dumped into rivers or lakes. Any sewage collected is dumped into 

leach pits. This current method poses health risks particularly in the burning of plastic as 

toxins such as Dioxin are released into the atmosphere. Dioxin is carcinogenic and a hormone 

disruptor which accumulates in body-fat and mothers can pass it to their babies through the 
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placenta. Furthermore the Dioxin can settle on crops which are then eaten, thus the dioxin can 

accumulate in the body
26

. Hence a safer solution is required.     

In order to gain further insight into the social context of Devikulam I contacted Jennifer 

Turner who is the Engineers Without Borders Challenge Coordinator. She was able to consult 

with the people of Devikulam and informed us that the people would welcome a 

vermicomposting system to assist in controlling waste. However it was emphasised that it 

cannot compost human waste as the community will not use composted human waste as a 

fertiliser as my previous research had indicated.  

The challenge our group aims to address is to implement a “cost effective waste management 

system within the community”. The waste management system should also “integrate waste 

reduction, re-use and recycling strategies with livelihood and energy generation”
27

. The 

project must suitable to the social, environmental and economic situation in the village of 

Devikulam. Thus the design criteria for our project aims to cover all aspects of design 

including economic cost, social acceptability, environmental sustainability, appearance , 

appropriateness and community involvement. Each of these design aspects address different 

issues; 

  Economic cost: As Devikulam is a poor village the project must be cheap to set up 

and have a low operational cost. The materials used must also be cost effective and 

readily available, as transport is limited and will further add to costs if required. 

The project development will require a small amount of expert assistance, however 

primarily using a local labour force will minimise the cost. If the final product can 

be sold, the material and construction cost can be offset and the product can then 

serve as a source of income for the community. Thus this project must also consider 

the market for the finished product.  

  Social acceptability: For the project to be successful it requires community 

involvement. Thus religions values/ practices, and the castes system must be 

considered as well as social structures. Taking this into account human waste hasn‟t 

been incorporated into the system; it will compost only organic waste. Primary the 

relevant social structures that requires consideration is the household set-up as this 

is where the waste originates and the caste relationships.   
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 Environment Sustainability: the project must be durable and sustainable. It must also 

improve the waste management in Devikulam without creating any additional 

pollutants in the process. 

 Appearance: the project must fit into the village lifestyle and the surrounding 

landscape; this will be achieved by using local available materials. The project aim 

is to clean up the existing waste and reduce the smell, making the area more 

appealing to live and visit.   

 Appropriateness: this will be measured in term of the recycling hierarchy (figure 4) 

and how well the project makes use of local materials and expertise. The project 

must also be able to operate in, and withstand local weather conditions, such as the 

monsoon season which can cause flooding to low lying areas. A waste system can 

reduce poverty in the local area by improving the standard of living. A successful 

waste removal system will reduce the risk of disease, improve the food source and 

provide extra income to the village.  

 

 

 

 

 

Figure 4: the recycling hierarchy  

 Community involvement: this is an important consideration as the project will be 

ineffective without community involvement. Ideally everyone in the community 

would be involved including the children. Community involvement is also a measure 

of the success of the overall project; with more people involved in the project it is 

likely to continue operating.  

The final design will aim to address each of these categories which should ensure a 

successful design which can be integrated into the community. However waste management 

is not solely based on the technical design, it is primarily about behaviour change
28

. Thus the 
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project will also consist of an extensive educational component with the aim of informing and 

engaging the community.  

In order to engage with the community we must be aware of the cultural values present in 

India. Indian culture has many Hindu rituals which involve song, dance and prayer to the 

Goddess of learning, Ma Saraswathi. The culture is very respectful of the elders and it is 

customary to touch their feet to seek their blessing. The society is traditionally patriarchal 

where the male has more influence than the woman however this is gradually changing with 

the onset of globalisation. Globalization is the interaction of people and companies from 

different nations; it is driven by international trade and aided by technological 

developments
29

. The process of globalization affects urban and rural lifestyles to different 

extends. India‟s traditional culture is still preserved in rural life as new technology is not 

present due to the absence of electricity. Globalization hasn‟t had an impact on rural life as 

standards of living are still low however people are migrating with the poor moving to the 

cities in search of employment
30

. Rural communities are primarily agricultural and 

unfortunately globalization has a negative effect on agriculture. This is due to the government 

importing grains and other produce from around the world whenever there is a price increase. 

Additionally subsidies are declining which increases the cost of production. There are also 

new threats such as Genetically Modified crops and herbicide resistant crops which are 

produced in other parts of the world
31

.   

Design Choices 

There were a number of different designs considered by our group before we settled on the 

final design choice. Although we did not end up taking any of these preliminary designs 

further, they all had a large impact on what our final design became.  

Before we began to choose our design choice, we came up with a list of specific issues in the 

social context that we would have to address in our final design: 

 Village‟s resistance to a change in their current technique of managing waste 

 Issues between the castes 

 Problems with the organisation of the waste management system in regard to who 

manages and operates the system 

 If there is any financial gain to be made from the project, who is responsible for 

distributing the funds to the appropriate  members of the community 
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Identifying these issues and figuring out ways of solving them helped our group develop our 

design matrix and also helped when selecting our final design. 

After reading the design brief and recognising the key issues in the social context we 

identified four broad waste management systems. These systems are employed throughout 

the world and could possibly be applied to the situation in Devikulam. These four systems 

were: 

 Composting 

 Landfill 

 Incineration 

 Recycling system 

In order to evaluate the viability of each of these types of waste management systems we 

used a design matrix. This provided us with the criteria that should be met by our final design 

choice. We adapted the matrix from a series of questions laid out in an UNEP paper
32

 and the 

design criteria mentioned in the previous section. The questions that comprised our matrix are 

listed below: 

1. Is the proposed technology likely to accomplish its goals given the financial and 

human resources available?  

2. What option is the most cost-effective in financial terms?  

3. What are the environmental costs and benefits?  

4. Is the project feasible given administrative capabilities?  

5. Is the practice appropriate in the current social and cultural environment? 

6. What sectors of society are likely to be impacted and in what way; are these impacts 

consistent with overall societal goals?  

 

We ranked the preliminary designs in order of best to worst in regards to how they answered 

the questions. For example for the second question the most cost effective would be listed 

first and the least cost effective last. Although the answer to each of these questions was not 

immediately evident, the process of researching and evaluating them helped to provide 

insight into which solution was the most feasible. After answering each of the questions we 

had a good idea on what our final design choice should be. 
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The first two questions of the design matrix dealt with financial cost and forced us to narrow 

down our solutions. We discovered that a major barrier to the successful implementation of 

waste management systems in developing nations is the monetary cost of the systems. As 

such the solution that we provide must be cost-effective and able to accomplish its goals with 

the resources that are available. Composting, landfill and recycling all meet these criteria 

whilst incineration does not.  

Although incineration systems have been shown to be largely effective in waste reduction, 

they require a large amount of start-up capital and have high running costs. Previous 

examples have shown that this high level of expense can force many incinerators to be shut 

down, especially in low-income countries. The closing of incinerators in Buenos Aires, 

Mexico City, Sao Paolo and New Delhi
33

 are just a few examples. The failure of prior 

incineration systems meant that we decided not to take the incineration design any further. 

The next question of the design matrix relates to the environmental costs and benefits of each 

solution. The decomposition of waste can lead to numerous environmental problems if left 

unattended.  Chemical compounds can end up poisoning waterways and soils whilst the 

organic decomposition of waste can produce harmful methane. Considering these risks each 

of the proposed solutions provide environmental benefits which would significantly improve 

the current situation in which no waste management system is present.   

However there are also a number of environmental costs that can be associated with the 

solutions. Composting and landfill, if not properly managed, can lead to the pollution of soil, 

waterways and the atmosphere. If waste is left to decompose without constant aeration 

methane gas can form which damages the atmosphere. Also if there is no barrier between the 

soil and the decomposing waste or if the barrier proves to be ineffective, chemical 

components can leak into the soil and eventually the waterways. In comparison we found that 

there is little to no damage done to the environment by an effective recycling system.  

The next two questions deal with the feasibility and appropriateness of the design. This 

criteria encompasses the social, cultural, environmental and the administrative capabilities of 

the proposed solution. After asking these questions of each of our remaining preliminary 

designs we decided to eliminate both the landfill solution and recycling system.  
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If we were to take the preliminary landfill design any further it would have to be done in a 

way that it did not damage the surrounding environment. Landfill systems such as these are 

known as „Sanitary‟ landfills. A research paper outlined four factors that a landfill system 

must have in order for it to be „sanitary‟
34

: 

1. Full or partial hydro geological isolation: when leachate is expected liners must be 

used to prevent infiltration into the soil and groundwater. It is recommended that 

collection and treatment infrastructure is implemented to further reduce the effect of 

leachate. 

2. Formal engineering preparations: an examination of geological and hydrological 

features must be carried out. An environmental impact analysis is performed on these 

features. Finally a waste tipping plan and final site restoration plan must also be 

formulated. 

3. Permanent control: the presence of trained and equipped staff who are responsible 

for overseeing the construction and operation of the facility 

4. Planned waste emplacement and covering: A specific layering system must be used 

with waste and soil placed in compacted layers. Additionally daily final soil covers 

are required to reduce water infiltration and to reduce odours and pests. 

Whilst all four factors are feasible in the short run, problems could be encountered with 

factors three and four in the long run. Also landfills present an unattractive sight to most 

people. As a result they are usually placed quite a distance away from the population. In a 

town where scattered dumping throughout the village has been occurring for decades, the 

people of Devikulam are unlikely to be compelled to travel long distance multiple times a 

week in order to dispose of waste. After realizing this we thought it necessary to eliminate the 

landfill preliminary design. 

 

We also chose to eliminate the design choice of a recycling system. Recycling is only an 

effective form of waste management if the dominant forms of waste that are being produced 

are recyclable. For a low-income country such as India this is not the case with roughly 25% 

of waste consisting of recyclable materials
35

. For the village of Devikulam this number is 

most likely even lower as its population would rely less on packaged food items. As such we 

concluded that a recycling system would not be applicable to the village of Devikulam. 
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After applying our design matrix to all four of the preliminary design ideas we were able to 

eliminated three which were unsuited to the situation in Devikulam. This left us with only the 

composting system remaining.  

 

Composting is a broad solution and can be narrowed down into numerous different forms. 

We chose to look only at vermicomposting, bin-composting and windrow composting, three 

composting systems which are already employed in a number of Indian villages and cities, as 

can be seen by this table from a report commissioned by SANDEC (Water and Sanitation in 

Developing Countries) 
36

: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

After narrowing it down to these three types of composting we used the findings of the 

SANDEC report previously mentioned as well as or design matrix in order to identify our 

final design choice. 

 

After reading the results of the SANDEC report we eliminated windrow composting. The 

report found that windrow composting, although effective, is more suited to medium and 
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large scale waste management operations, such as those found in more highly populated 

areas
37

. After reading this we reasoned that it would not be suitable for the lowly populated 

village of Devikulam. 

 

For community-based systems, such as the one we plan to establish in Devikulam, the report 

found that vermicomposting and bin composting would both be suitable
38

. In order to narrow 

it down to one solution we applied our design matrix. This led us to choosing 

vermicomposting. Vermicomposting is a more efficient technique of composting, as it does 

not require constant turning like bin composting does and also produces compost faster
39

. 

Additionally the compost produced by vermicomposting is of a higher quality than traditional 

composting. This would mean that it would be more likely to accomplish the goal of 

managing the village‟s waste given the resources available. 

 

The elimination of the windrow composting and bin composting techniques left us with one 

preliminary design remaining: vermicomposting. The design choice matched the criteria 

established in our design matrix and was the most suitable for the situation in Devikulam. 

 

Final Design Choice 

After careful consideration of the needs and social context of the people of Devikulam, it was 

clear that the implementation of a vermicomposting system would provide the best solution 

for the villagers. An advantage of vermicomposting over traditional composting is that the 

vermicompost contains worm castings. This means the compost is much higher in beneficial 

nutrients and microorganisms, up to “20 times higher than that of a comparable good quality 

fertile soil”
40

. As the village is mainly agriculturally based with most of the local population 

owning a farm or plantation, this compost will be of high value to the villagers to enhance the 

yield and quality of their crops. 

There will be a number of vermicomposting sites located throughout the village. The villages 

can collect their organic household waste and deliver it to the closest location for composting 

and then collect matured compost once it is ready. The sites contain the composting beds that 

will allow the vermicomposting process to take place, covered by a roof to protect against 

water and weather. Due to the modular nature of the system, it is very flexible in 

accommodating increased usage in the future; all that is required is to build more composting 
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sites when the village grows.  

Education for the community will be required for the villagers to successfully and safely 

construct and maintain the system, and this will likely be conducted through classes held at 

the primary school in the village. The educational program will be integrated into the school 

education system and the community will be encouraged to participate in gatherings. 

Through education, the villagers can be presented with the benefits of the compost they are 

creating, to provide them with motivation to implement to system efficiently. The educational 

program will also allow the community to be able to operate the system completely 

independently.  

System Process 

The proposed vermicomposting system for the village involves firstly the cycle of the 

villagers collecting their household organic waste in plastic buckets and taking them to one of 

the nearby composting site to be constructed around the village. These buckets are already 

accessible to the villagers and seem to be in abundance, as they are already being used to 

collect water
41

. Some villagers may not be in possession of a spare bucket for use with 

composting, and they will be provided with one at a low cost as part of the budget for the 

project. 

One of the main advantages of using a vermicomposting system is that it easily allows for 

fresh organic material to be continuously added to the compost bed. As fresh material is 

added the worms will naturally migrate to this section of the composting bed. This is ideal as 

the villagers are likely to be adding material to the bed in a continuous fashion as they collect 

it in their households. 

There will be four vermicomposting sites in the village, each catering to approximately 20-30 

households.  Each site will consist of two compost beds separated by a porous mud brick 

wall, covered by a roof structure and with a water bucket placed nearby. The reason for 

having two compost beds is that one will be in a state of composting while the other will be 

matured and ready to harvest by the nearby villagers. The roles of each bed will alternate 

approximately once every 90 days; the amount of time required for the compost to mature. 

Once the compost in bed 1 has matured, it will then be ready to harvest and can be distributed 

to the villagers. If there is any compost remaining in bed 1 it can be stored in a temporary 
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storage location. The households will then add their organic waste to bed 1, while bed 2 is in 

the process of decomposing. Once the worms have decomposed the waste in bed 2 they will 

migrate to bed 1 to begin the decomposition process. From here, the cycle begins again. 

Composting Station Design 

Research has determined that “solid waste generation rates average only 0.4 to 0.6 

kg/person/day”
42

 in developing countries. Data from the Mississippi Department of 

Environmental Quality states that the density of residential municipal solid waste in the area 

is approximately 200lb/cubic yard
43

. However the composition of solid waste in Devikulam, 

since it is a low-income village in a developing nation, contains a larger proportion of organic 

waste (good for composting) and density 2-3 times compared to an industrialized nation such 

as the US
44

. Thus it can be assumed that the average person living in the village produces 

approximately 0.6 kg/person/day of organic waste at a density of 400lb/cubic yard or 

237.32kg/m^3. This figure however, regards total solid waste, of which organic waste is 

likely to make up a significant proportion, however it will be assumed that each person in the 

village will contribute 0.6kg/person/day of organic waste as a conservative estimate in the 

design of the project. 

The compost beds will each be designed to hold up to 90 days of organic waste input from 

the villagers using the aforementioned assumptions. This length of time is the maximum time 

required for the organic material to be completely composted. The population of the village is 

approximately 360 people
45

 and with proper distribution of the vermicomposting sites, each 

site can be assumed to accommodate approximately 90 villagers. Using these assumptions, in 

a 90-day period, 90 villagers are expected to produce 0.6kg of organic waste per person per 

day for a total of 4860kg over the period. Assuming the waste has a density of 237.32kg/m^3, 

each bed will be required to have a volume of at least 20.48m^3.  
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The dimensions of each compost bed will be 1.5x3x7m. This will provide a volume of 

31.5m^3, which will be adequate to store enough organic waste as the composting time and 

rate of waste input have been deliberately overestimated. The composting beds will also have 

enough room to incorporate the required bedding materials.  

Figure 5: Schematic of vermicomposting site 

The compost beds will be constructed to be side-by-side as one larger bed with dimensions of 

1.5x6x7m, separated in the middle by a porous mud brick wall. To reduce the amount of 

material required to build the beds, the compost bins will be built 0.5m below ground, with 

the other 1m above ground to be built using mud brick. Wire mesh will cover both 

composting beds to prevent any insects and other predators from entering and eating the 

earthworms. Additionally the mesh will prevent rodents accessing the composting beds.  

 

 

 

 

 

Figure 6: mesh protects the compost 

The roof structure over the compost beds at each site will be of similar construction to the 
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houses in the village. This will allow easy and familiar construction by the villagers, as well 

as keeping costs low by using locally sourced materials and methods. It will be a hut structure 

with thatched roofing, mud flooring and walls made from burnt brick, typical of a Devikulam 

household
43

. As the structure does not need to house people, only 3 walls are required to be 

built, leaving one end of the hut open. This will allow airflow to the compost beds, as well as 

simplify construction and reduce the amount of required materials to build it. 

The variety of earthworm to be utilized for composting is known as Perionyx Excavatus
46

, it 

is a variety that is native to the region and thus suited for the tropical climate in the village. 

Being a local variety, it eliminates the need to import the otherwise commonly used “red 

wiggler” from another region and thus reduces the cost of obtaining the worms, as well as 

ensuring a lower chance of environmental impact and contamination. 

Construction 

As mentioned earlier, the construction of the composting sites is similar to that of a typical 

Devikulam household. Thus when viewed from the outside, it will resemble a typical 

household in the village. The methods and process for the construction will be familiar for the 

villagers who have experience in building the houses in the village, and thus they will be 

capable of building the roofing structure for the compost beds.  

Preparation of vermicomposting beds 

Initially a hole is required to be dug with dimensions 0.5x3x7m under the roof of the hut. 

Once this has been completed, a wall made of burnt brick is to be built surrounding the hole 

with similar length and width, with a height of 1m. To set up the first compost bed, a bedding 

must be made consisting of “good moist loamy soil placed at the bottom, about 15 to 20 cm 

thick above a thin layer (5 cm) of broken bricks and coarse sand”
47

, all of which can easily be 

sourced locally. The next step is to add the earthworms to the compost bed; approximately 

300 earthworms will be required at each site. The next layers to be added to the beds are 

“lumps of fresh cattle dung”; obtainable from the many livestock in the village, and roughly 

5cm of chopped straw. Finally, to discourage the presence of birds preying on the 

earthworms, a layer of Palmyra leaves may be laid on it
48

. A large bucket of water must be 

kept close to the compost beds, to add water when necessary to keep the compost moist. 
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Figure 7: vermicomposting layers 

Once an initial site is set up in this manner, the second site can be constructed and set up in a 

similar way after the first batch of compost has matured, or approximately 90 days. The 

reason for this is that the “worm population should double in size every three months or 

so”
49

, meaning that the additional worms produced can be moved over to the next site. This 

introduces cost and labour savings as villagers do not need to source additional worms 

elsewhere. Similarly, the last two compost sites can then be set up in this method once the 

worm population doubles again. 

One of the composting sites will be located in The Colony, however due to the denser 

concentration of households in the area it will house two sets of compost beds rather than one 

under the same hut. This will ensure that the composting needs of the households in the area 

are met, while reducing the cost of constructing another hut for the second set of compost 

beds. The initial site and compost beds are to be constructed in The Colony, eventually 

expanding to the next compost bed at the same site and subsequently to the rest of the village 

once the worms have sufficiently multiplied. Attached in appendix 4 is a map depicting the 

approximate areas for each compost site, as well as the households they will service. 

Operation and Maintenance 

Throughout the composting process, it is important to ensure the compost beds remain moist. 

This can easily be ensured, as the villagers are likely to carry their buckets of waste down to 

their local composting site once their waste buckets are full. In the process of adding their 

waste to the compost bin, the nearby water bucket can be drawn from by any particular 

villager to moisten the compost bed if needed.  
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When observing the current progress of the composting, detecting the odour is an important 

step in determining if there are any problems or adjustments needed. For example, one of the 

signs that the compost is ready is that it will smell earth-like. Under regular conditions before 

the compost is ready however, there should not be any smells. If there is a smell, this means 

that there is more organic waste in the bed than the worms can process and the procedure to 

fix this is to “Stop feeding the worms, add more dry bedding, a little sprinkled lime, and stir 

the bin … Repeat until the smell vanishes.”
50

. 

“The compost is ready when the material is moderately loose and crumbly and the colour of 

the compost is dark brown. It will be black, granular, lightweight and humus-rich.”
51

. These 

signs of compost maturity, as well as worm castings appearing should be apparent roughly 90 

days after the final compost is added to the bin and will be what the villagers will need to 

watch for. At this stage, it will be necessary to ensure that the adjacent compost bed is empty 

by rationing any remaining compost left in it to nearby villagers. Once this has been 

completed, the now empty bed will need to be prepared for another cycle of composting by 

replenishing the bedding as detailed previously. 

Once the adjacent bed has been cleared and re-lain with bedding, organic matter must now be 

added to that side and be kept moist, with the matured compost bed left to dry. This will 

cause the automatic migration of the worms to the new compost bed to take advantage of the 

introduced abundance of food and water.  

Roughly 2-3 days after starting the new cycle it will be appropriate to begin rationing out the 

new compost from the old compost bed to the villagers involved with the inputting of the 

organic waste. The rationing will at each site will be overseen by a number of select 

community leaders, who will give the compost to the villagers on a first-come-first-serve 

basis, while also ensuring it is distributed in the most equitable manner. The compost handed 

to each villager will be dealt as a “bucket full” arbitrary measure for simplicity. 

Once all the compost sites have been established and running for some time, the additional 

worms bred will not be needed and thus can be collected and sold at a nearby village. As the 

structure is made using thatched roofing, there is the possibility of rainwater leaking in 

occasionally, and poses the risk of causing excess of water in the compost beds. Thus the 

sites will need to be checked occasionally for this as well as overall structural integrity to 

ensure the safety of the villagers, who will be entering it regularly. 
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Safety 

There are few risks associated with the establishment and operation of the system however 

they must still be addressed.  

Firstly, the initial construction of each site poses a number of risks to the safety of those 

constructing it. The construction for the roof of each hut poses the worst-case risk of a very 

serious consequence: that someone may fall while building the roof and acquire a permanent 

disability. The likelihood of this occurrence is possible but doubtful and has a rare level of 

exposure; it only needs to be completed once per person per site. The overall risk score of this 

task is 25*3*1 = 75, which equates to a low risk score according to UWA‟s Safety Risk 

Management Procedure. This risk can be controlled using administrative constraints – to 

ensure that only people who have had experience in constructing houses in the village be 

allowed to work on the sites. 

Another risk arises from digging the hole required for the compost beds, which may result in 

medical attention if a person incurs a back injury from the work. The likelihood of this 

occurring however is remotely possible and it is an infrequent occurrence. The overall risk 

rating of this is only 15*1*2 = 30, again and very low risk rating. 

Another area in which risk has been minimised in the project is that the matured compost is 

to be distributed using only one bucketful at a time, meaning that villagers carrying the 

compost back home have minimal risk of back injury. 

Education 

The only educational facility in the village is the primary school situated near the lake. This 

therefore provides a suitable candidate for a venue where villagers can be taught the 

vermicomposting system in an induction class. A member of Engineers Without Borders who 

is currently situated in the village and tasked with the successful deployment of the project 

can conduct the initial classes. There are currently 36 students attending the primary school, 

who can initially spread word to their families regarding the proposed plans for their village. 

As these children only come from a small number of the households in the village, the 

remaining households will need to be informed to attend the compost induction classes in 

another manner, should they choose to. An EWB member situated in the central precinct of 

the village on a day that villagers are most likely to be passing by (such as the temple for 

prayer) will be able to inform most of the villagers in the most efficient manner. 
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The content of the induction class itself will consist of the benefits of the system, as well as to 

recruit villagers as needed for the construction, implementation and maintenance of the 

system in a safe and efficient manner. This information has been outlined previously and will 

be necessary to relay to the villagers. By firstly explaining the benefits to the villagers such as 

enhanced crop yield and reduced health risks, they will gain incentive to gain maximum 

benefit from the system, and thus is the best way to ensure they implement it effectively. 

Regarding the operation of the system, it is paramount that the villagers are aware of the 

types of organic waste that can and cannot be added to the beds, to ensure maximum 

composting efficiency and to avoid endangering the health of the worms or anyone else. In 

particular, foods that are high in fat content such as milk, cheese and oil must not be added to 

the beds, as well as foods with acidic content such as citrus fruits and peppers
52

. Materials 

that are inorganic such as plastic, metal and insecticides must also be avoided, although they 

are likely to represent only a small proportion of the village‟s waste. 

Finally, the villagers must also be taught how to apply compost to their fields once it is ready. 

Firstly, they must “carry out proper sieving of the compost before applying it in the fields”
53

. 

Once this has been completed, it can be applied to villagers‟ crops much like regular 

compost, simply “dig it lightly into the topsoil around your plants”
46

. The dosage for field 

crops should be approximately 5-6t/ha and 3-5kg/plant for fruit crops
54

. 

Impacts 

The impacts for individual stakeholders have been summarised using Franklin and Rainbow 

plots in Appendices 11 and 12 respectively. 

Social 

The project is designed to act in the interest of the community‟s needs while considering the 

social context at hand. Thus the project is aimed at educating the villagers about the benefits 

of waste reduction while respecting their cultural and religious practices. 

For this reason it has been decided not to include human waste processing as part of the 

composting system, and to only focus on organic household waste. Due to the lower presence 

of bacteria and vermin resulting from reduced waste, the villages will experience better health 

from a lower incidence of sickness. Smells emanating from waste will also be reduced due to 

a lower amount present in the village. Combined with the fact that it improves the visual 
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aesthetics of the village, the reduction in waste improves the overall morale in the area. 

The villager‟s however will have to go slightly out of their way to change daily habits in 

order to implement the system however every effort has been made to make this transition as 

easily as possible. For example, when sorting their organic waste the villages will only have 

to take a slight extra step to sort the waste into the correct bucket for composting. 

Environmental 

The reduction in village waste will also provide positive economic environmental impacts for 

the village. The conversion of waste into compost allows potentially environmentally harmful 

substances to be changed into something that will provide benefits to the community. The 

vermicompost is generally twice as nutrient-rich as regular compost
47

 and therefore is very 

effective at improving soil health where it is used.  

Compared to other forms of composting, particularly regular anaerobic, vermicomposting has 

a very clear advantage due to the absence of methane gas produced. Methane is a very potent 

greenhouse gas, and not producing any is a very positive benefit for the local environment 

and climate.  

Since the variety of earthworms to be used is to be locally sourced and is native to the region, 

it eliminates the potential for any contamination of the local ecosystem and fauna. 

Economic 

The main economic benefit for the system is the role that compost plays in increasing crop 

yield and quality. The conversion of waste into a useful product also means that a once 

useless substance now has value, with only a minor cost involved to produce it. There are 

however costs involved initially with constructing and implementing the system such as the 

purchase of buckets, materials, labour and earthworms. However once the system has been 

established it will require none to little extra resources to maintain its operation. The only 

additional input required for continual operation is the replenishing of water and bedding 

which can be sourced easily and locally. As well as this any excess earthworms can be sold to 

nearby villages which creates another revenue stream.  
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Team Process 

After entering the Engineers Without Borders challenge, five independent engineering 

students have merged from operating as five individual entities into one team. Initially the 

group shared no commonalities having never met before. Even with no foundation built, 

everyone had one common goal in mind which was to engineer a solution to a real world 

problem. Over the semester the group discovered the benefits of working together as a team 

rather than working on the project individually. Even though problems occurred between 

group members, they were easily solved which meant the benefits of working together 

heavily outweighed the disadvantages.  

Everyone in the group recognised that to make our project successful and enjoyable, a 

friendly team environment would be needed. This was achieved by making sure every group 

member's opinion was heard no matter how trivial the matter might seem. This removed the 

problem of a hierarchy within the group. Each group member felt comfortable expressing 

their thoughts without having to worry about being humiliated. Another measure taken to 

ensure the team operated smoothly was to assign roles for each group member. This ensured 

every member contributed towards the project and eliminated the problem of a “free-rider”.  

Many groups had a specific team leader but the group believed our team would function more 

efficiently if all the members were viewed equally. The strength of the group is that none of 

the members were egocentric and were willing to listen to every member‟s views. When a 

new suggestion was raised or a problem encountered, the group would discuss multiple 

options before a census was held to determine the most popular solution. The benefit of not 

assigning a team leader was that each member would feel equally important and no additional 

stress would be placed on a specific member.  

The success was built on the communication between the group members. Group meetings 

were held at least once a week outside of class times. In the group meetings, the group would 

be updated on the progress that each member had made individually. The information we had 

researched would be shared and the sections of our design which required further research 

would be identified. As well as our group meetings, a „Facebook Group' was created at the 

start of the project to share documents, link and ideas that could be helpful with the design. 

The benefit of utilising the 'Facebook Group' was that any member could post questions or 

useful resources at anytime of the day and a response would posted without hours. As a result 
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the group functioned extremely efficiently as real time communication was available and we 

did not have to rely on our weekly group meetings. 

A Gantt Chart was used to plan the project which would ensure we completed the project 

within the time constraints (Appendix 10). The project was broken up into four major 

categories; research, design, model and report. Breaking the project into categories ensured 

all group members had a clear idea of the steps which were required to complete the project.  

Research 

Initial research commenced when the project was received on the 2nd of August 2011. After 

considering a number of alternatives, every member believed the best way to solve 

Devikulam's waste management problem was to implement a type of composting system. 

Robert suggested a system which uses the technique of pyrolysis should be implemented. 

Pyrolysis is the process of chemically decomposing organic material at elevated temperatures 

in the absence of oxygen producing synthesis gas, pyrolysis liquid and solid char
55

. However 

with further research, the group determined that the technique of pyrolysis would be too 

costly and complicated for the people to Devikulam to maintain.  

Caitlin and the rest of the group members were thinking of a solution that would utilise most 

of the village's waste. We came up with the idea of compost bins that will recycle organic and 

human waste. This idea seemed great at the time and loved by every group member. For the 

next seven weeks, the group researched the amount of bins that would be needed, the 

dimensions and how they work.  

On the 28th of September, our project proposal was submitted to get marked. We received an 

excellent mark and great overall feedback for it which lifted the group spirit knowing that the 

hard work had been recognised. Caitlin was in charge of editing the proposal which lead us to 

such a great mark as all the learning outcomes assessed were covered.  

In our eighth week, the group discovered problems in regards to composting the human 

waste. The waste requires thorough treatment otherwise the consequences could be deadly. 

Improper treatment could lead to Lecptospirosis which causes as high fevers, server loss of 

appetite, vomiting and nausea
56

.
 
After reading Engineers Australia's Code of Ethics, we do 

not believe it would be safe for the locals of Devikulam to be handling human waste as they 

have no experience and their hygiene is much lower compared to first world countries
57

. 
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Additionally it was discovered that for religious reasons the community will not use 

composted human waste as a compost on their crops. Thus the group decided not to compost 

human waste. 

An approach to the waste management problem was needed. The group decided to continue 

with a composting system but instead of processing human waste and using traditional 

composting a vermicomposting system was preferred. This technique was chosen with the 

local people of Devikulam in mind. It would be simple to maintain and easily sustainable 

requiring little knowledge.  

Design 

Having finally chosen the design by the 9th week, the group began to work out the details of 

the design. Matthew and Caitlin were in charge of calculating the amount of bins that would 

be needed in Devikulam and where they would be placed. Tim, Sam and Robert were focused 

on finding what materials would be needed and how accessible the materials would be to the 

local community.  

Having assigned these roles, the group was able to work more efficiently as there was no 

overlapping of tasks. After the sub-groups researched their assigned parts, the research was 

collaborated to ensure our design would be easily achievable and nothing had been 

overlooked. 

Model 

The purpose of the model we have built is to illustrate to the stakeholders what our design 

would look like. One of the conditions for building the model was it can only be made out of 

recyclable material to promote sustainability and reduce wastage. Building the model would 

also demonstrate how far the group had developed as a team. Building the model was broken 

up into three parts: 

1. Designing the model. 

Having already designed the dimensions of the composting bin and shelter, the group 

needed to determine the materials that would be used and how they would be joined 

together. Caitlin and Tim were brainstorming what materials could be used to give the 

effect of the real system. Sam, Matt and Robbie were in charge of looking at different 

ways of connecting all the materials together and figuring out which way would be 
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best suited. We also decided that some parts of the model should be removable, 

allowing all components of the model to be displayed.  

2. Gathering the materials.  

 A key aspect of the design is that only recyclable materials are used. Caitlin has a 

farm hence she was able to obtain straw which was used to create a thatched effect on 

the model. She was also able to gather some plywood for the shed. Robert has a shed 

where he has pieces of dowel and mesh lying around which were used to build the 

framework of the model. The remaining materials such as cardboard and glue were 

provided by the University of Western Australia's workshop. 

3. Building the model 

Once again, building the model was split up into sections. Sam and Tim measured the 

dimensions of the plywood and cut them into the right size. Matthew and Caitlin cut 

the frame pieces and nailed them together. While Robert made the compost bin out of 

thin cardboard. All of the sections were then assembled to create the model. The final 

step was gluing the straw to the plywood.  

Report 

Finally once the design has been finalised and the model built the group had to present one 

coherent report. The report was broken into sections; Caitlin wrote the introduction and 

background and problem identification sections. Matt wrote about the summary and design 

choices and Tim wrote about the team's final design choice and recommendations. Sam wrote 

the team process section and conclusion. Finally Robert wrote about the results and 

discussion. Breaking the report into sections allowed each group member to participate and 

the report was more manageable. During the writing of the report regular contact was 

maintained and group members were provided feedback on their individual sections. Finally 

the report was edited. An overall edit was done by the whole group during an extra team 

meeting and Caitlin finalised the editing.  

SWOT 

No group is perfect so the group‟s performance was measured using a SWOT (Strength, 

Weaknesses, Opportunities, Treats) analysis. The table shows the group has identified more 



Page | 30  
 

 

strength than weaknesses.  The strength to weakness ratio is the underlying factor to the 

group's success. 

A major strength of the group is that every group member has come from a different 

background. This strengthens the team as a whole as the team was able to consider different 

types of cultures when planning to implement our solution in Devikulam. Another strength 

was that every member was willing to stay focused and work towards the overall goal of our 

project. 

The only major weakness identified is group member‟s punctuality to meetings. Often there 

would be one member 15 minutes late for various reasons. Due to this, the length of group 

meetings has sometimes been limited. However the group was able to overcome this problem 

through the use of the „Facebook group‟.  

Strength Opportunities 

 Diverse culture 

 Communication skills 

 Technology skills 

 Creativity and innovation 

 Motivation 

 We have formed strong friendship 

bonds so in future years we will be 

able to help each other 

Weaknesses Threats 

 Punctuality to meeting  Someone becoming a free-rider 

 Small group so one person getting 

sick can alter team cohesion 

 Individuals not completing their 

assigned section 

Table 2: SWOT analysis 

RESULTS  

The design criteria detailed in the Problem identification section, defines the standards our 

design must attempt to meet. Within these criteria, there are also a number of sub-criterions. 

These are listed below; 

 Economic cost: 
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 Made from readily available materials which are locally found and used. 

 Low costs involved  to build and maintain the site 

 Social acceptability: 

 Easy maintenance    

 Provide usable compost all year round 

 Environment Sustainability: 

 It must use aerobic digestion to prevent methane production 

 Must be durable  

 Appearance: 

 Made from readily available materials which won‟t need to be found from 

other areas and transported to the village 

 Fit into the village landscape  

 Appropriateness: 

 Aim to target the reuse and recycling component of the recycling hierarchy  

 Must withstand local weather conditions 

 Community involvement: 

 The project must educate people about the importance of composting, what can be 

composted, the advantages of composting, and the hazards of our system 

 It must be located in positions that which be accessible to everyone. 

Addressing Design Criteria 

Reason for vermicomposting 

Our group decided upon a composting system due to the large amounts of organic waste 

produced by the people of Devikulam. As it is an agricultural village the majority of what 

they consume is not processed, and therefore there is little non-biodegradable materials used 
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for packaging. Shown below (appendix 5) are waste amounts, in percentile form, of towns 

and cities of different socio-economic positions. One town similar to Devikulam is Karachi, 

Pakistan (a small low income agricultural village), produces large amounts of compostable 

material prepared to non-biodegradable material such as plastics and glass.
 58

 This led the 

group to decide upon a composting method for our idea as it would be the most effective way 

to reduce the rubbish on the streets. 

Due to the need for aerobic digestion, traditional compost needs continual turning to allow 

for aeration which stops the chemical decomposition turning into anaerobic digestion which 

creates methane (which is damaging to the environment and is a Greenhouse gas). The group 

decided upon vermicomposting which uses worms to digestion the organic matter and turns it 

into useable compost. The worm‟s movement within the soil aerates the compost minimizing 

the need for turning and stopping the process becoming anaerobic digestion. This means the 

compost system would need far less maintenance than a normal composting system, 

hopefully increasing the social acceptability of our proposal. 

Compared to normal composting systems, vermicomposting is a lot faster than the normal 

system only taking approximately 3 months to be ready as oppose to 6 months to a year. This 

would allow the community to have their compost faster and more often than if they used a 

normal composting system. This also reduced the chance of the composting site becoming 

overfilled, resulting in waste being dumped back onto the streets. 

This addresses the economic cost and environmentally sustainability sections of the design 

criteria, as compost will be more readily available for the people to use, and the use of 

vermicomposting will turn waste into a viable product for the village to use or sell. 

Reason for the particular building materials 

The choice of the building materials such as mud brick for the walls of the composting site 

and thatched roofing to cover the roof is due to the fact that these materials are already used 

in the village. This mean the materials will not need to be transported to Devikulam 

especially for the composting sites (which would be expensive). Additionally we can utilize 

the skills of the villages in building the composting sites as the majority of housing is made 

using mud bricks and thatched roofing (appendix 5). 
59
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This addresses the appropriateness and economic cost section of the design criteria, as the 

building of the compost sites will utilize the local‟s skills and be cost effective to build. 

Reason for roof 

The need for a cover over the top of the composting bins is due to the amount of rain which 

occurs from June to December (due to monsoonal conditions), with an average of well over 

100millilitres a month and a peak of approximately 20.5millilitres a day during June. 
60

 

This addresses the social acceptability and appropriateness sections of the design criteria as 

the sites are custom design for the area, which means the composting sites are meeting the 

needs of the villages and their climate. 

 

 

 

 

 

 

Figure 8: Our Model 

Reason for distribution  

Due to the two different castes living in the village, there was a need for more than one 

composting area to cater for everyone, and reduce the risk of the higher income caste taking 

the majority of the compost. Additionally having multiple composting sites around the village 

will reduce the extent of the attitude change required as currently the community is accustom 

to leaving the waste around their households. Thus the group decided on having 3 

composting sites in the village. Hence there will be a more even distribution of the 

composting and allow more waste to be composted. 

Looking at the map of the village and the distribution of the homes, we placed the 

composting sites in areas which would be accessible to the people surrounding the area. It 
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would also allow the compost at the end to be evenly distributed and everyone would be 

given a share of the final product. 

This addresses the community involvement section of the design criteria, as it will mean there 

is a composting site near everyone‟s home. Therefore they will be encouraged to be part of 

the process as it will become a part of their lifestyle. 

Reason for creating two areas in each composting sites 

Splitting the composting boxes into two halves will allow one half of the area to be 

composting while the other is being filled by waste. This will create a continuous cycle as 

one bin will be in use while the other is digesting, thus providing the village with compost 

throughout the year. Hence the social acceptability section of the design criteria has been 

addressed.  

Reason for holes in the dividing wall 

The holes in the dividing wall allow the worms to move from one side to the other. This plan 

is in conjunction with having two sections as one area will be composted whilst the other is 

being filled. To make the worms move from one side to the other, simply commence using 

the side and keep it moist while leaving the full side to dry out. The worms will move to the 

wettest side. Additionally this reduces cost as fewer worms are required due to the migration.  

This addresses the social acceptability of the design criteria as it allows the worms to move 

freely between the sections making the compost process faster. 

 

 

 

 

 

 

Figure 9: Our Model 
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Accessing our design against the design criteria 

Vermicomposting systems have already been in place in other villages in India.  For example 

the Green Cross society set up a small scale vermicomposting system in the village of 

Kaylan, which brought in approximately 4 tonnes of household waste a day. The purpose of 

this system was to reduce the number of vermin on the streets. After being in production for a 

few months; the society saw the reduction in vermin population and cleaner streets. A large 

scale example was in Belgaum, India. Since July 1995, vermicomposting has been used to 

process waste and sewage from 500 homes. Compostable waste is processed in seven 

concrete vermicomposting bins and sewage was fed to a 200 square metres "vermifilter" (a 

biofilter with a 30 cubic metre deep bed of vermicomposting which contains earthworms). 

The vermifilter can process up to 100 cubic metres of sewage per day. This had very little 

maintenance required, as the worms did most of the work. This vermicomposting project was 

one of six large-scale vermicomposting projects developed by Bhawalkar Earthworm 

Research Institute. The project had been a success, and has motivated approximately 5000 

farmers in India to start vermicomposting their organic materials. These examples showed 

how motivated farmers can be in India, in trying to promote new ideas to reduce waste on the 

streets and create a useable product.
61

 The group has used these examples, and assumed the 

Indian social willingness will help to make this project a success. 

In reflecting on our final design and system, the group believes we have met the needs set out 

by the design criteria, however will not know if our project has been a total success until the 

composting system has started to be used by the villagers. To see if our design system has 

been a success we will need to return in the long term to see if the community is getting the 

benefits of their vermicomposting. 

DISCUSSION 

Was the community involved in any aspect of the project? 

The group couldn‟t contact the people of Devikulam directly, and tried contacting the people 

of Engineers without Boarders (EWB), with some success. Therefore we used raw data 

provided on the EWB website such as the Housing statistics, to determine local building 

supplies and materials, and the census data (appendix 14). Additionally we used the videos 

with the locals such as the EWB Gomasti interview on water supply
62

, and the EWB Lourdes 

interview on housing
63

 to get as much information about the village as possible. 
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This assisted us in determining the industry the majority of people were involved with and to 

decide if a compost system would help the people in the community and would motivate 

them to reduce waste on the streets. 

How do you know you addressed their needs? 

Due to little communication with the village; we are unable to fully determine if we have 

addressed the village‟s needs. However based on data we can conclude that our composting 

site is addressing the problem of waste management in the village. The educational plan 

implemented in the village will help convince the community that there is a need to minimize 

waste in the village and that our composting system also provide a valuable resource. 

Will they have real power to make a difference in how the project will be carried out? 

The community will have a large role in all stages (following the initial design stage) in 

dealing with the composting sites. We will use the skills of the community and local 

materials to build the sites. The location will largely we determined by the villages with some 

input from us to make sure the compost is spread evenly around the community.  

After the sites have been built and the community has learnt how to manage the sites, EWB 

will leave the community to run the project independently making sure the composting sites 

are maintained properly.  If the project is to be a success the community will have to 

participate in the system and run it effectively. 

How will you make them feel like participants in the project and not clients to whom service 

will be delivered? 

To make the villages feel like participants, they will have a large involvement in the building 

and running of the sites. By giving them the power over the distribution of the compost this 

will make the villages owners of a community run business.   

In researching the Devikulam area and finding out as much as possible about the people and 

their culture allowed us to design our vermicomposting system to be as suitable as possible 

for the climate and people of Devikulam. 
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CONCLUSION 

The goal of our project was to design a sustainable solution to Devikulam's waste 

management problem. In order for our design to succeed, social impact, culture, economy 

and education were considered. The group looked at many different options which could 

solve the problem and decided on targeting the village's organic waste. 

We decided the best solution to Devikulam's problem is to implement a vermicomposting 

system. This type of composting was chosen due to its simple nature and sustainability. The 

locals of Devikulam would collect their organic waste and place it in the composting sites 

closest to them. 

The design meets all of the design criteria as it: 

 Creates a solution for Devikulam's organic wastes. 

 Creates compost which would be utilised by the locals. 

 Brings the community together. 

 Is low cost to set up and can be constructed on site. 

 Sustainable as it does not require addition expenditures in the future. 

If we were given this project again, we would attempt to contact the people from Engineers 

Without Borders or the locals of Devikulam from the start to gather as much information as 

we could. In our project we had to use the limited information given on their website and 

other articles which were available. If we could contact the people of Devikulam, we would 

gain a further understanding of what the locals want. 

RECOMENDATION  

The recommended procedure is to first pilot the composting system by constructing the first 

site and receiving feedback from the villagers and modifying aspects of the system if 

necessary. 

 

Possible future extensions of the system could be to manage the disposal of additional waste 

streams that are not already being processed by vermicomposting. This could be 

accomplished by filtering out materials not suitable for vermicomposting such as inorganic 

waste and integrating with another waste disposal system designed to process them. As the 

village expands in size and population, it is recommended to build additional sites to 
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accommodate increased usage of the system. This should not pose as much of a problem as 

the system is modular in its design, and additional sites can be constructed with excess worms 

from other sites that can be introduced for the initial compost cycle. Finally once the system 

has been implemented and running for about a year, representatives from EWB should return 

to Devikulam to evaluate the effectiveness of the system and note any improvements that 

could be made.  
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Appendices 

Appendix 1: Hindu Religious Holidays 

 

Name of 

holiday 

Description Date 

Makar Sankrant Makar Sankrant is the first Hindu festival of the solar calendar 
year, falling around January 14. It falls at a time when the Sun 
enters the Zodiac sign of Makar (Capricorn) and when the day and 
night are of equal duration. Days become longer from this point 
on so it is a time for celebration. 

14-January 

Vasant Panchami Dedicated to Saraswati, the goddess of learning and Brahma's 
wife. The festival marks the beginning of Spring. 

2-February 

Mahashivratri Mahashivratri is a Hindu festival dedicated to Shiva, one of the 
deities of the Hindu Trinity. 

26-
February 

Bikarami Samvat - 
Varsha-Pratipada 

The Hindu Spring New Year celebrated particularly in South India. 
Diwali, another Hindu New Year, is the more popular in the UK. 

13-March 

Holi The Hindu spring festival. 14-March 

Rama Navami Birthday of Lord Rama, an incarnation of Vishnu and the hero of 
the Ramayana 

6-April 

Hanuman Jayanti This festival marks the birth of Hanuman, the Monkey God. 13-April 

Raksha Bandhan Raksha Bandhan is the Hindu festival that celebrates brotherhood 
and love. "Raksha Bandhan" means a thread for protection. 

4-August 

Janmashtami - 
Krishna Jayanti 

The Janamashtami festival marks the birth of Krishna, the most 
highly venerated God in the Hindu pantheon. 

16-August 

Ganesh Chaturthi Hindus celebrate the birthday of Lord Ganesh, the elephant-
headed God. 

27-August 

Navaratri (start) Navaratri (nine nights) symbolises the triumph of good over evil 
and marks the start of autumn. 

23-
September 

Dussera Celebrates Lord Rama's victory over the evil demon Ravana. 2-October 

Diwali The Hindu festival of lights, which extends over five days. Because 
of the lights, fireworks, and sweets involved it's a great favourite 
with children. Also shared by Sikhs and Jains. 

21-

October 

Table: courtesy of Indian Pakistan trade unit                                                                                   
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http://www.bbc.co.uk/religion/religions/hinduism/holydays/makar.shtml
http://www.bbc.co.uk/religion/religions/hinduism/holydays/mahashivratri.shtml
http://www.bbc.co.uk/religion/religions/hinduism/holydays/holi_1.shtml
http://www.bbc.co.uk/religion/religions/hinduism/holydays/rama.shtml
http://www.bbc.co.uk/religion/religions/hinduism/holydays/hanuman.shtml
http://www.bbc.co.uk/religion/religions/hinduism/holydays/raksha.shtml
http://www.bbc.co.uk/religion/religions/hinduism/holydays/janamashtami.shtml
http://www.bbc.co.uk/religion/religions/hinduism/holydays/janamashtami.shtml
http://www.bbc.co.uk/religion/religions/hinduism/holydays/ganesh.shtml
http://www.bbc.co.uk/religion/religions/hinduism/holydays/navaratri.shtml
http://www.bbc.co.uk/religion/religions/hinduism/holydays/diwali.shtml
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APPENDIX 2: Devikulam Weather information 
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APPENDIX 3: Devikulam village map 
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APPENDIX 4: Devikulam household map 
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APPENDIX 5:Waste composition of different countries 

 

Table:  Waste composition of selected cities (by percentage of weight) in industrialized, 

middle income, and low income countries 
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Figure: Devikulam House Type 
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APPENDIX 6: Model drawing 
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APPENDIX 7: Model drawing 
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APPENDIX 8: Model drawing 
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APPENDIX 9:Pictures of Model 
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APPENDIX 10: Gantt chart  
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APPENDIX 11: Franklin Plot 

Franklin Plot: 

Stakeholder Environmental Social Economic 

Villagers + No greenhouse 

gases emitted 

+ Health benefits 

+ Less unsightly waste 

- Effort to separate and 

carry waste to sites 

+ Increase most of 

their production 

through using 

compost 

Labourers (to 

construct sites) 

 + Will contribute to 

building a crucial and 

highly beneficial part of the 

village‟s future 

+ Earn extra income 

from working on 

compost sites 

Compost 

consumers 

(farmers) 

 - Extra work required to 

apply compost to fields 

+ Increase 

agricultural output 

Tourists  + Less unsightly waste 

+ Less bacteria present – 

less risk of disease 

+ Can visit compost sites 

as part of sightseeing 

 

Aid & 

Volunteer 

groups 

 + Less unsightly waste 

+ Less risk of health issues 

while trying to help village 

- Will not need to 

spend as many 

resources for 

disposing waste 

Interpreters  + Cleaner landscape to 

work in 

+ Implementation of 

project may provide 

work for them 

Government + No greenhouse 

gases emitted – 

cleaner atmosphere 

 + Less spending 

required to clean 

village 

+ Additional income 

leads to higher tax 

revenue 

Engineers 

Without 

Borders 

 + Cleaner landscape to 

work in 

+ Less risk of health issues 

while trying to help village 
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APPENDIX 12: Rainbow Plot 
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APPENDIX 13: Group Work Distribution 

 

 Research: everyone participated in the research and the information was shared  

Robert: 

 Results section 

 Discussion section 

 Appendix 5: table and figure 

 Appendix 9:  pictures of the model 

 

Matt: 

 Summary section 

 Approach: design choices section 

 

Caitlin: 

 Introduction and background section 

 Approach: problem identification section 

 Editing, printing and binding 

 Supplied material to produce the prototype  

 Appendix 2 : weather data 

 Appendix 1: religious days 

 Appendix 6,7,8: model drawings 

 Appendix 3: map of Devikulam  

 Appendix 14: survey  

 

Sam: 

 Approach: team process section 

 Conclusion 

 Appendix 10: Gantt chart 

 

Tim: 

 Approach: design choice section 

 Recommendations section 

 Appendix 4: map of Devikulam  

 Appendix 11: Franklin plot 

 Appendix 12: rainbow plot 
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APPENDIX 14: Devikulam Survey  
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