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ABSTRACT 

This report contains the final report on the project entitled “Design of Vermicompost for 

Mule dung storage in Vaishno-Devi Katra”. Shrine Board Mata Vaishno-Devi, Katra, Jammu 

indicated a need to design vermicompost containers to decompose mule dung produced in 

Katra by use of mule to assist pilgrimage to reach the temple through mountains. The design 

should be cost-effective, user friendly, and light. A comparative study was done for four 

models and the final CAD model was made with some improvement. Different design of the 

frame with different materials was tested to make it light and cost-effective. The watering 

system is attached with a frame to make it user friendly. Design is made by keeping the 

ventilation of worm and aerobic decomposition in mind. The final design is tested for 

strength, durability, cost-effectiveness, and manufacturing ease. 
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CHAPTER- 1 

Preamble 

A pilgrimage to the Holy Shrine of Shri Mata Vaishno Devi Ji is considered to be one of the 

holiest pilgrimages of our times. The Holy Cave attracts millions of devotees every year. The 

number of Yatris visiting the Holy Shrine annually exceeds one crore. The Holy Cave of the 

Mother is situated at an altitude of 5200ft. The Yatris have to undertake a trek of nearly 12 

km from the base camp of Katra.  

To assist pilgrimage to cover this long path and reach Holy Cave mules, taxi and helicopters 

are used, but the mule is cheap and affordable for many pilgrimages so most commonly 

mules are used (at least 5 to 10% of pilgrims use mule). For transporting all the material to 

the lodges existing near the shrine a caravan of mules is used. It is a rough estimate that 



almost 5000 mules are used for service in this area. Mules not only provide the ease of 

access to pilgrims but also livelihood activity for people involved in this service. 

It is found that dung of these animals causing a problem listed below: 

 

 Pollution of the Banganga stream and other water sources in the area by mule dung.  

 The dumping of the dung along the path to the Shrine is spreading a bad odour in the 
area, causing inconvenience to the pilgrims.  

 The path has become slippery at several places along the path due to the dung and urine 
of these animals. 

 The dry dung dumps are openly burnt at several places, which release smoke. 

 

It is found that nearly 7 tons of mule dung produced per day in Katra and as the flat land 
area is limited in the hilly areas and the ecology of the area is also very fragile, maintaining 
the garbage dump yard sites is limited. The disposal of tonnes of garbage is a difficult task 
for the shrine board and also the Katra Municipality. Also, the rate of decomposition is 
limited due to altitude and existing low temperatures for several months in a year. To tackle 
this ecological challenge of solid waste management, there is a need for a comprehensive 
solution. 
 
Vermicomposting is taken as a solution to decompose this solid waste in that area but lack 
of flatlands, large spaces and large time for decomposition are some of the obstacles for this 
proposed solution from which we have to deal. In this report, various designs of 
vermicomposting boxes are designed and tested which can tackle the above-mentioned 
obstacle in this process optimally. 

 

 

CHAPTER- 2 

 

Introduction 

 
The need for genuine and organized initiatives in waste management has been regularly 
voiced in India. With the emerging concern on the large quantity of the waste being 
produced both in the form of solid and liquid waste, the concept of waste management 
becomes one of the key focus of sustainable development principles which is based on 
policies, and resource-conserving practices, follow standards that can be met in the long 
term, and respect values of equity in human access to resources. The most common method 
of waste disposal is its dumping in the low lying areas on the outskirts, which is very 
haphazard and unsanitary and raises deep significant concerns about safety, property value, 
and quality of life in the habitat and nearby colonies. It has further led to serious 
environmental impacts like contamination of surface and groundwater, soil degradation, 
methane emissions, and its harmful effect on microflora and fauna. Associated with these 



are the increased health problems ranging from the epidemics of vector-borne or foodborne 
diseases to the other severe adverse effects affecting not only the rag pickers and the 
workers involved in the waste disposal but also people connected to them as their families 
and friends. The recovery of nutrients by modification of this huge quantum of waste is 
becoming increasingly important for its judicious management. Therefore there is a need 
that proper disposal methodologies be designed. Suitability of various treatment methods 
depends on moisture content in waste.  
 
The processing of organic wastes into organic manures via traditional composting can be 
used to address the issues of environmental pollution related to solid waste and thereby 
minimizing the development of new dumps and landfills. But the major problem associated 
with traditional composting is that it is a time-consuming process requiring a minimum of 4-
6 months to complete the process of degradation. In winter, the decomposition process is 
further slowed down but not much effect as seen from performing the different 
experiments at IIT RuTAG. The use of winter tolerant (low temperature tolerant) microbes 
may be useful to enhance the composting rate. Along with this the frequency of turning of 
the material, loss of the nutrients during the prolonged composting process are the major 
problems associated with this.  
 
On the other hand, vermicomposting is a kind of accelerated composting which involves 
earthworms to degrade the waste under anaerobic conditions, take over both the roles of 
turning and maintain the material in an anaerobic condition, thereby reducing the need for 
expensive equipment. Earthworms not only accelerate the organic waste decomposition 
process but also improve the quality of compost. The gut of the earthworm, termed as a 
bioreactor, provides a suitable environment for the growth of microbes. The enhanced 
number of microbes, mainly bacteria, and actinomycetes, accelerate the decomposition 
process (Parle, 1959). So, if the lignocellulose waste is pre-treated with microflora having 
positive interactions with each other, taking part efficiently in lingo cellulosic waste 
decomposition, and also having importance in the diet of earthworms, the quality compost 
could be produced at a faster rate. 
 
The efficiency of Eisenia foetida for the decomposition of different types of organic 
substrates (kitchen waste, agro-residues, institutional and industrial wastes including textile 
industry sludge and fibers) was evaluated and the studies revealed that the percentage of, 
nitrogen, phosphorous, and potassium in the different vermicompost mixtures was found to 
increase while pH and total organic carbon declined as a function of the vermicomposting 
period.  
 
 
As the earthworms prefer pre-decomposed waste, the initial degradation process can be 
accelerated by inoculating the waste with certain efficient microflora, which aids in the 
degradation process, thus reducing the time consumed for the overall process. 
The inoculation of consortia of microorganisms like Aspergillus niger, P. variety, 
Pseudomonas, Azotobacteria, and Trichoderma not only accelerated the vermicomposting 
of organic fraction of solid waste during the winter season but also enriched the quality of 
the product (Singh and Sharma, 2003; Saha et al, 2008; Kaviraj et al, 2012, Sharma and 
Arora, 2012).  



The preferable method for the vermicomposting is the pit/ bin method; however, as there is 
less availability of plain surface, the redesigning of the vermicomposting pits in the form of 
easy operating vertical bins has been sought in this project. This will not only make the 
effective use of mule dung in the form of manure but also provide an alternate option of 
livelihood to the local people in that area. 
 
Vertical Vermicompost bin eliminates obstacle like needs of largely vacant land to 
decompose such a large amount of solid waste, so here we focus mainly on vertical 
vermicompost bin design. As when we go to the design of vertical vermicompost in 
mountain area then it should be lightweight, so during the design of this vertical 
vermicompost bin we also take care of this. Vermicompost needs time to time 
moisturization so for this we need some watering mechanism without much human effort 
and also the material of compost bin should be an anti-corrosive property which increases 
compost bin durability. Proper ventilation of this bin is also done to favor aerobic 
decomposition which increases the quality of decomposing and also reduces foul odour 
from compost. 
 

CHAPTER- 3 

 
3.1 Concept Design of Vertical Vermicomposting Bin 

The basic idea behind designing this vertical vermicompost bin is that it should contain 
waste, worm, watering and ventilating system, vermin-wash collector (excess water seeped 
from compost), the worm should be away from light and temperature of the bin around 28 
to 30 degree Celsius these are the basic function of vermicompost bin which should be kept 
in mind during the design procedure. 
 
By keeping this in mind we have designed some ideas to perform this function and the 
further best of them is selected. 
 
 

        
 Fig 1.1 (a) Fig 1.1 (b) 



         

 Fig 1.2 (a) Fig 1.2 (b) 

            

 Fig 1.3 (a) Fig 1.3 (b) 

3.2 Selection of Final Design Idea 

As we have seen different types of a frame with a different mechanism to do the above-

mentioned function but in all these three ideas third one is selected because it performs 

above function very easily and efficiently, it is light in weight from the second design which 

is too heavy so it eliminates second design based on cost and weight. It’s also better than 

the second design based on ease of operating like for watering no pipes are used like the 

second one it uses a tank at top of the frame with holes at bottom of the tank from which 

water seeps to each step from holes and for slowing down the speed of water we can use 



foam at the base of the water tank, Vermi-wash collector box at the bottom can also slide 

over the frame so we can take it out and clean it and it also reduces cost because now at a 

place of it readymade PVC boxes used so no extra manufacturing needed like the second 

one. 

A third design is attachable and detachable because the frame is made by joining 

readymade L bars with nuts and bolts; it is easy to carry out at any place so it reduces the 

transportation cost to carry this bin over mountains. Many components of this structure are 

made of standard parts so not much manufacturing process is needed only we have to 

assemble those parts, due to which we can increase and decrease their sizes according to 

need and space. 

So we can easily see that the third design can perform our function easily and efficiently. So 

based on all those parameters like (weight, cost, and ease of operating, standardization, 

local availability, and transportation) a third design was get selected.  

Some other parameters which are further used to improve it like strength, stiffness, 

corrosion resistivity, thermal conductivity, etc for selecting material for this design which is 

best suited also based on weight and cost.  

 

CHAPTER- 4 

 

Results of the Comparative Study of the final design with different parameters 

Selection of material is performed for our above-proposed design based on the property 

needed for material used to manufacture vermicompost bin, the property which is taken as 

a parameter for material selection are Strength, Lightweight, Corrosion resistivity, Thermal 

resistivity, Release of toxic chemicals, Water-repelling, Durability, low cost, local market 

availability. For the Strength design of vermicompost, we have taken Factor of safety above 

3(because of environmental issues and moisture), and for the Stiffness design of the frame, 

we allowed maximum deflection up to 3 to 4mm because above it may it cause instability to 

structure. 

 

  Steel Frame analysis results with load at each box are taken 150kg 



 

Fig 4.1 (load distribution)             Fig 4.2 (Von-Misses stress)                     Fig 4.3 (Deflection) 

 

 Aluminium Frame analysis results with load at each box are taken 150kg 

           

Fig 4.4 (load distribution)             Fig 4.5 (Von-Misses stress)                Fig 4.6(Deflection) 

 

 

 



    

           Fig 4.7 (Steel Frame)                                                       Fig 4.8 (Aluminium Frame)              

 

A factor of Safety for aluminium frame: 1.5 

A factor of Safety for Galvanized steel frame: 3.89 

Material Cost of steel frame: Rs3600 

Material Cost of Aluminium frame: Rs5500 

 

 Plastic Compost Box analysis results with load at each box are taken 80kg 

 

   
Fig 4.9 (Von-misses stress)                                         Fig 4.10 (Displacement )                                                                                              

 



 Aluminium Compost Box analysis results with load at each box are taken 80kg 

  

Fig 4.11 (Von-misses stress)                                         Fig 4.12 (Displacement )                                                                                              

 

So, according to the above result, we select that our frame material is steel, and Compost 

Box material is aluminium. It is covered by a PVC sheet to decrease thermal conductivity to 

maintain the normal temperature in the bin. 

So now our final design and material are selected for further process. It has a capacity of 

350 kg of mule dung with a cost of approximately Rs.6000 per unit. 

 

CHAPTER- 5 

CONCLUSION 

As we have selected our design with its material for further prototype testing and then 

checking whether it performs its functional activity with accuracy or not. After getting 

tested according to the result it is manufactured. 

CHAPTER- 6 
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