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Executive Summary

The Problem Statement:
To  choose  a  rural  or  semi  urban  community  and  to  understand  the  community’s  energy 
requirements,  investigate  the  available  resources,  and  then  propose  a  novel  technology  or 
methodology  that  is  sustainable  and  cost-  effective  to  improve  the  energy  scenario  in  the 
community.

The Community:
The community chosen is  basically a rural  community.  The village is  called Kahinjari.  It  is 
situated in Rasulabad sub- district which comes under Kanpur Dehat district in the state of Uttar 
Pradesh. It  is 57 kilometers away from Kanpur City.  Given below are some facts  about this 
village:

Coordinates:   26o36’38”N, 79o53’33” E 

Total population: 3329

Male population: 1790

Female population: 1539

Total number of families: Around 600

Current Energy Sources and Energy Related Problems:
• The village is equipped with electricity lines but not with electricity. The power supply is 

nominal; it comes once in 2-3 days. The main purpose of electricity in rural households is 
for lighting in the night hours. The villagers are using inefficient kerosene lanterns. Some 
of them also use petromax lamps with LPG (Liquefied Petroleum Gas) as fuel.  A small 
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number of people are still using highly inefficient homemade kerosene lamps. There is a 
big need of an alternative and cheaper source of lighting in households of the village. The 
source should be cheaper because LPG and kerosene are costly.

• The villagers are using mainly three different types of stoves with different types of fuels 
for cooking purpose:  

1. Primitive and ancient biomass mud stoves: This kind of stoves is made of mud and 
the fuel used is wood, coal or dried cow dung cakes. These are highly inefficient and 
injurious  to  health  because  due  to  the  burning  of  these  fuels,  a  lot  of  smoke  is 
generated.  This smoke causes diseases of lungs and eyes.  This kind of stoves are 
being used by mainly those people who cannot afford kerosene and LPG.

2.  Metal made kerosene stoves: This kind of stoves are very efficient as compared to 
the  mud  stoves  but  they  use  kerosene  which  is  available  at  fairly  higher  cost  as 
compared to the fuel used in the mud stoves. There is no problem of smoke with this 
kind of stoves. Hence these are very popular among the local people, although rising 
prices of kerosene is big potential problem.

3. LPG stoves: This is the cleanest source of cooking for the villagers. There are no 
smoke problems. But the price tag is so high that only a small number of people who 
are in a better economic condition can afford to use LPG cylinders for their entire 
cooking purposes. Although a lot of them have LPG connections, they generally like 
to use mud stoves or kerosene stoves to reduce cooking price.    

                                                                                                                              

Solution Proposed:

After talking to the people in the village, discussing their energy needs and considering their 
economical condition; it is clear that a smart solution must contain the following qualities:

 It must be cheaper than the current sources.

Regular supply must be assured.

 The Group for Environment and Energy Engineering



 It must be an integrated system i.e. energy production must be done in a professional 
way. It must not depend on individuals.

 It must be eco friendly; there must not be smokes and fumes causing diseases.

 Integrated Bio Gas Plant 

An integrated bio gas plant can satisfy the energy needs of the rural households. It will be a 
large, centralized plant which will use new technologies to make the plant automated. Also, the 
quality of bio gas will be far better than the currently available bio gas for the villagers. 

The plant will have an automated mixer for making a fine mixture of cow dung and water.  Bio 
gas is not supposed to be a fine gas as the particles are bigger; that is because there are impurities 
of SO2 and CO2  in the gas. With the use of some chemical substances the impurities will be 
removed and then it will be a finer gas. Also, there will be a waste water collector which will  
send the waste water to a nearby pit where it will get converted to high quality fertile manure.

Financial Aspects

 For collecting bio mass, there will be a fixed rate at which bio mass will be bought from 
the local people, that means there will be no shortage of raw material.

 There will be requirement of some individuals to insure the proper operation of the plant, 
this will provide some employment to the villagers.

 The produced finer bio gas will be sold at such a price that will be far lower than the cost  
of LPG or kerosene but which will keep the plant in the healthy profit state.

 The highly fertile  manure which is  a by-  product can be sold at  a sufficient  price to 
increase the profit from the plant.
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Customer Needs

There are a lot of customer needs in the area. According to the local people, these are the needs 
related to energy:

 They want a convincing source of light at night hours. Electricity supply is almost nil in 
the area.

 Using LPG or kerosene for lighting is costly, a source of lower cost is needed.

 They want a smoke free solution for their cooking needs.

 Using LPG or kerosene for cooking is costly, a cheaper cooking solution is awaited.

 Bio gas is a lesser efficient than LPG, the quality of the gas should be improved.

Customer Interviews:

Given below are the interviews of some of the residents of the village, who are also the potential  
customers of the techniques proposed:

A respected person in the village, Chhote Lal ji is a member of “Jila Panchayat”. He explained 
the energy needs and the problems of the village.

(Translated from Hindi) 

Team: What are the needs of the village you suffice as a member of “Jila Panchayat”?

Chhote Lal ji: There are responsibilities related to water supply for irrigation, transport etc.
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Team: What about the energy needs, like electricity, Is power supply in the village is regular?

Chhote Lal ji: This is something not under my control. As far as power supply is concerned, 
these electricity lines are just showpiece. Power comes once in 2-3 days, and even that for not 
more than an hour.

Team: What do the people here use for cooking?

Chhote Lal ji: Generally mud stoves and kerosene stoves but now people have also started using 
LPG.

Team: How about bio gas that is a good and cheap solution for the cooking needs?

Chhote Lal ji: Yes, it is. Government is subsidizing bio gas plants but there are some problems 
due to which people are not using these plants.

Team: What kind of problems?

Chhote Lal ji: There are only six household plants in the entire village out of which only 3 are in  
the working state. If you meet Pandey ji, he can tell you a lot about bio gas plant and problems 
related to it. He is having a plant in his own house. 

Here is the talk with Shri Anand Vardhan Pandey:

Team: Chhote Lal ji mentioned that you have a biogas plant in your house.

Anand Vardhan Pandey: Actually I had two of them. But only one is in the functional state.

Team: What kind of benefits you seek by using this plant?

Anand Vardhan Pandey: There are a lot of them. Cooking is cheaper than ever for us with its use 
and it creates no smoke. An LPG cylinder costs Rs. 310/- and in a family of 5-6 people, it takes 
about one and a half cylinder per month for cooking. That means approximately Rs. 5400/- per 
year.  And all  this  money I save by using bio gas because all  it  takes is a little  bit  of work 
everyday.

Team: Bio gas can also be used for lighting.........
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Anand Vardhan Pandey: Yes, actually we used to light petromax by biogas. When the 2nd plant 
was in working condition, there used to be enough gas for both cooking and lighting.

Team: Why is it not working?

Anand Vardhan Pandey:  The tank of  the  plant  had some leakage,  so there  was not  enough 
pressure inside the tank, hence it stopped working. We tried to repair it but we could not spot the  
exact leakage spot.

Team: Since when are you using bio gas?

Anand Vardhan Pandey: About 10 years....

Team: What is the reason behind other people not using bio gas?

Anand Vardhan Pandey: As I told you, a biogas plant demands some amount of time everyday.  
You have to form very fine mixture of cow dung and water and you have to do this with hands. 
Another work is to throw away the waste mixture that remains after the production of the gas. If 
you have a pit near your house then you can store the waste in it. After a few months, this waste 
turns into very high quality fertile manure. Doing this work is a problem if a family isn’t having 
a person to devote some time to the plant.

Team: Are there some technical problems?

Anand Vardhan Pandey: Yes, there are a few. Like in the summers, some water gets collected 
inside the tube that takes the gas from plant to stove. So, we have to clean entire tube in every 5-
6 days.

Team: What is the cost of the plant?

Anand Vardhan Pandey: The full plant costs about Rs. 14000/-, but after being subsidised by 
Government, it costs to us around Rs. 3500/-.

Team: Will there be enough biomass available if a bio gas plant that provides gas to the whole village will 
be installed?

Anand Vardhan Pandey:  Of course,  every family in the  village is  generally possessing two or three  
animals, so it is not a big deal to collect cow dung for the plant.

Team: If such a plant is installed, people here will be ready to buy bio gas?

 The Group for Environment and Energy Engineering



Anand Vardhan Pandey:  Anything  that  is  smoke-  free  and cheaper  than kerosene and LPG is  most  
welcome.

Expenditure over Energy Sources:

Number of families in the village = 600 (roughly)

In a family of 5 members, number of LPG cylinders used in an year for cooking and lighting = 24

Cost of an LPG cylinder = Rs. 310/- (as of August 2009 in Kanpur)

Cost of cooking and lighting by LPG for a family in an year = Rs. 7440/-

Cost of cooking and lighting by LPG for the village in an year = Rs. 4464000/-

Kerosene consumed in a month in a 5 member family for cooking and lighting = 20 litres

Cost of kerosene = Rs. 12 per litre (as of August 2009 in Kanpur)

Cost of kerosene per family(5 member) per year for cooking and lighting = Rs. 2880/-

Cost of cooking and lighting by kerosene for the village in a year= Rs. 1728000/-

From the costs given above, one may easily understand that the installation of a bio gas plant is a cheaper  
and easier way of completing the rural energy needs. There is a nominal sum of money you have to spend 
every year for the maintenance (a few hundred bucks will work).
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Existing Solutions/Prior Art

Existing Solutions:

There are a lot of possible solutions for the rural energy needs. Here are some of them:

 Solar Energy:  Solar power provides electrical generation by means of heat engines or 
photovoltaic’s. Once converted, its uses are limited only by human ingenuity. A partial 
list of solar applications includes space heating and cooling through solar architecture, 
potable water via distillation and disinfection, day lighting, hot water, thermal energy for 
cooking, and high temperature process heat for industrial purposes. But the installation 
costs are too high and the maintenance is very costly.

 Wind Energy: Wind energy is  the  conversion  of  wind energy into  a  useful  form of 
energy, such as electricity, using wind turbines. But it can’t be used for cooking till now. 
Once again, the installation costs are too high. 

 Bio Mass Energy: Bio mass, a renewable energy source, is biological material derived 
from  living,  or  recently  living  organisms  such  as  wood,  waste,  and  alcohol  fuels. 
Biomass is commonly plant matter grown to generate electricity or produce heat. For 
example, forest residues (such as dead trees, branches and tree stumps), yard clippings 
and wood chips  may be  used  as  biomass.  However,  biomass  also  includes  plant  or 
animal  matter  used for production of fibres or chemicals.  Biomass  may also include 
biodegradable wastes that can be burnt as fuel. It excludes organic material such as fossil 
fuel which has been transformed by geological processes into substances such as coal or 
petroleum. 

 The Group for Environment and Energy Engineering



Prior Art in the Area:

There are not too many options for the residents of Kahinjari village as far as energy solutions 
are considered. Some of the efforts made regarding this are listed below:

 There were solar electricity plants installed in two of the houses in the village. They are 
not in the working state as of now due to lack of maintenance and technical expertise.

 There are 6 bio gas plants installed in the houses of the village. Out of these only 3 are in 
functional.  Although there is  almost  no maintenance required,  but the people are  not 
realising  its  importance.  Some  of  them  are  saving  thousands  of  bucks  per  year  by 
utilising these plants.
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Proposed idea
Basically our idea is based on centralized Bio(gober) gas plant for rural society, which is more 
energy  efficient  due  to  addition  of  some  extra  features.  We  have  plan  for  designing  more 
efficient gober gas plant. 

Description of different units of plant is as follows:

1. Slurry formation: firstly gober is mixed with appropriate amount of water for slurry 
formation and instead of meshing slurry with hands; we are using cattle power for this 
purpose. We are going to design some mechanical system which is run by cattle power 
for slurry formation.
It is multi-step process for uniform slurry formation.

2. Basic Reactor unit: formed slurry will enter in the reactor where it will undergo 
anaerobic conversion to form gober gas. We will use Ferric Alum as catalyst to enhance rate of 
formation of gober gas. Gas thus formed is taken out through pipeline and solid left is taken out 
and collected in tank. Collected solid contains much amount of nitrogen which can be used as 
fertilizer.

3. Bio gas purification: bio gas thus formed contains methane (60-70%), carbon di 
oxide (30-39%) and Hydrogen sulphide and other impurities (1%).
Hydrogen sulphide is harmful for health so its removal is essential  and it  is done by 
Biological Desulphurization process.

 Carbon di oxide should be removed from gober gas but it is very costly process and also 
not economically feasible. So we are not going to remove it.
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Novelty of Idea
Since gober  gas  plant  is  not  new idea  but  with some extra  features  we are making it  more 
efficient. Extra features of this idea are as follows:

1. Usage of ferric alum as a catalyst: By adding alum in reaction mixture, 
reaction rate will increase by 150% which is appreciable percentage and it is going to 
change  economy  of  rural  society  by  huge  amount  if  this  centralised  plant  is 
established in rural area.2. Use of animal power: Since it is considered very dirty job to mesh slurry with 
their  hands and it  is one of reasons why gober gas plant is disappearing from the 
villages because no one wants to do this. Using mechanical system run by animal 
power,  it  can  be  done more  easily  because  availability  of  animal  power  is  not  a 
problem in rural areas.

3. Gober gas Purification: In present  technology,  there is  no arrangement  for 
purifying gas. Thus our idea is novel in this prospect also. As Hydrogen sulphide is 
toxic in nature so its removal is beneficial for environment.Feasibility of Idea 

This idea is feasible in all aspects whether it is social or economical.

Reactant (gober) used in this process is available free of cost in villages and also catalyst  
(ferric alum) used is very cheap. There is no question of availability of animal power so 
considering all these facts, there is no doubt in economic feasibility of this idea.
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Since, we are not harming society in any way so it is feasible in social aspect also. Potential impact:
• By using Bio gas, we are encouraging the usage of green energy in the rural areas.

• Bio gas plant is easier to set up in rural areas as we have ample space, cheap labour, 
abundant supply of biomass and cattle power.

• Bio gas is burnt more efficiently than biomass or cow dung directly, thus increasing the 
overall efficiency of energy sources available in rural areas.

• Direct burning of bio mass causes pollution so conversion of biomass in to bio gas is 
environmental friendly and more efficient.

• Smoke produced by direct burning of cow dung causes many diseases of lungs and eyes 
while bio gas is user friendly.

• It will generate employment for the people.

• Requirement of biomass will encourage of requirement of kettle and farming.

• One cattle is sufficient for the needs of a 4 member family (for cooking) while most of 
the  families  have  2  or  more  cattle.  So  the  excess  of  gas  can  be  used  for  electricity 
generation or can be used for development of other regions.

• Bio gas is very cheap, requiring minimal investment, as there is no expensive process 
involved for its refining and purification.

• As only the locally available sources like cattle  pump are being used  for slurry making 
and  other  process,  we are  not  dependent  on  electricity  or  any other  external  energy 
source.

• The plant is run purely on animal and manual power.

• Having a centralized plant is a better alternative than other conventional energy sources.
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• Since bio gas can be transported in a corrosion free manner in a 100 metre range, we do 
not have any corrosion problems here.

• Slurry which is a byproduct of bio mass is a very good fertilizer which can be sold to the 
industry.

• Adding catalyst (alum) will enhance the properties of fertilizer.

• It will also uplift the standard of living and enhance social awareness.

• Idea is very simple and sobers so no chance of failure. Forward Plan:
• The main part of the proposed idea to use the centralized plant instead of using plant for 

individuals.

• Using 20000 rupees demonstration can be developed for the proposed idea.

• We can demonstrate a manual slurry making geared pump which can be run by manual 
power using a handle instead of cattle.

• 5-6 days is sufficient for bio gas generation while making a demo pump manufacturing 
require 10 days.

• Construction of a small bio gas plant can be done in 3 days.

• For manufacturing of gears, handle, bearings, bars, rods, rotor for mixing and assembling 
of pump require experienced labor.

• making a small  biogas plant costs around 7000 rupees, making a small  manual pump 
requires 8000 rupees: we require three gear assembly for speed enhancement(5000 rs), 
one  rotor  for  mixing  (1000 rs),  handle(500  rs),  six  bearings  (1000 rs),  one  medium 
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cylinder (50 cm diameter and 100 cm. depth; 1000 rs), bar, rods and plate(1500 rs) and 
30% over head charges.

• Complete demonstration of idea will take around 20 days.

Conclusion:
An integrated bio gas plant can satisfy the energy needs of the rural households. It will be a 
large, centralized plant which will use new technologies to make the plant automated. Also, the 
quality of bio gas will be far better than the currently available bio gas for the villagers. 

In this way there will be cleaner, cheaper and more efficient source of energy available to the 
local people. 
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