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Executive Summary 

 
The Census of 2011 informs that about 173 million Indian households – as high as 70% (88% in rural 

areas) still use traditional fuels such as firewood, agricultural residue and dung cakes as a primary 

energy source for domestic cooking. This has resulted in hazardous levels of smoke and particulate 

emissions; avoidable burning of excess biomass which can be used for other applications. A recent 

report by Lancet
1
, the noted medical journal stated that Indoor air pollution caused 1.24 lakh 

premature deaths in India in 2015.  

 

This report discusses field experiences and user specific actions carried out by TIDE, for a 200 stove 

dissemination pilot of a new advanced, forced draft two pan, agro residue fired cook stove Agni 

Sakhi in Chikkaballapur district of Karnataka India. Agni Sakhi, is a recent innovation from Energy 

Advanced Sustainable Technologies Foundation (FEAST) designed for use in households. It is fuelled 

by sun dried cut agro residue (around 5 cm long). The technology is an ejector based air supply 

system designed for intimate mixing between the volatiles and air. It ensures clean and complete 

combustion of biomass fuel and very good heat transfer. The technology is IP protected (Indian 

Patent pending) and the rights rest with FEAST. The stove has been developed by the same team 

that has earlier developed the Oorja stove. After successful user trials TIDE and FEAST would now 

initiate actions for testing version 2 the stove as per IWA standards in reputed, certified stove testing 

laboratories.  

 

Considering that the Agni Sakhi stove was manufactured for the first time, several manufacturing 

processes had to be standardized and the cost of the stove was high. But the project team assessed 

that the first pilot would focus on willingness to use  rather than willingness to buy . So, cost 

reduction and manufacturing improvements were put off until the present study was completed. 

But with extensive presence in the field, the study also believed that it could propose an innovative 

payment option for the stove by paying through surplus or saved biomass.  

 

Siddlaghatta was also chosen because of (i) abundant surplus of mulberry sticks (ii) proximity to 

Bangalore (iii) presence of a credible community based organization (iv) endorsement of the stove 

by farmers during pre project demos and (v) high percentage of electrified houses. A farmer survey 

confirmed that every land-owning household generates  about 8 to 9 tons of mulberry residue / acre 

/ year. Bbaseline data collected showed that a traditional stove required 0.57 kg of agro residue for 

preparing 1 kg of cooked rice . Data collected from 6 households that used LPG as a primary fuel for 

cooking showed that the average per capita LPG consumption is 80 grams / day.  A walk through 

survey showed that biomass was extensively used for bath water heating, cooking for farm labour 

and for cooking non-veg. food. The poorer households also used the traditional stove extensively for 

cooking.  

 

This project also enabled learning on manufacturing and key manufacturing improvements to be 

explored during commercialization of stoves. The components that required more attention to detail 

                                                           
1
 http://www.huffingtonpost.in/2017/10/31/indoor-air-pollution-killed-1-24-lakh-people-in-india-in-2015-

lancet-report_a_23261541/ 
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in manufacturing were (i) power unit and its components (ii) air supply system and (iii) insulation. 

Stove users recommended that (i) the size of the fuel feeding hopper size should be increased (ii) the 

stove should be made in a single piece without any detachable components except the power unit 

(iii) the power unit should be smaller and lighter and it should not interfere with the cooking (iv) the 

charging slot should be fixed and immovable (v) the length of the adapter wire should be longer to 

operate the power unit on mains and (vi) the ash box and power unit should be on the same side or 

ash box should be operated from the fuel feeding side for convenient operation. In addition to 

design and manufacturing recommendations, other conveniences that enabled user friendliness 

were identified and some of them implemented during the project period itself. 

 

In the initial stage and during stove manufacture, it is important that the technology developer, the 

manufacturer and the dissemination agency be in constant contact with each other, cross checking 

the product under development and sharing information. Quality assurance parameters must also 

be introduced and verified at the level of manufacturer and the distribution partners to ensure that 

defective pieces are not introduced into the sales channel. The project acquired an understanding of 

the facilities that a manufacturing unit should have and the level of detailing that must go into the 

purchase orders. 

 

This project has not explored the stove financing issues. The payment option by paying in kind 

through abundant surplus biomass available locally did not appeal to the community. They said that 

the same was not workable. But the potential for sustained positive triple bottom line impact would 

be compromised if the MRP of the stove was unaffordable. FEAST the technology developer has 

already initiated efforts to reduce the ex factory cost of the stove to around Rs 2200 assuming high 

production levels.  

 

The fuel security and low or no recurring cost of cooking that the Agni Sakhi stove offers to its users 

addresses a major concern regarding availability and recurring cost of fuel. But even a relatively 

simple requirement of local availability of sized biomass is a challenge in villages. Local initiatives for 

making the same available are a major challenge and require more work. An important lesson is that 

the same should not be trivialized. When agro residue of the recommended size is used, it is 

immediately translated into significantly lower emissions and less tending of the stove. 

 

A survey on agro residue availability at the taluk level is important and the stove must be launched 

from these agro residue rich regions. Latest information on generation of agro residues is available 

with the department of agriculture of the state governments. Data collected from Agriculture dept. 

Government of sources for Karnataka for the year 2015 shows agro residue generation of 7.2 million 

tons. Data from http://biomasspower.gov.in/biomass-info-asa-fuel-resources.php) estimates the 

residue to be 9 million tons from Karnataka. Maize stalks, coconut fronds and cotton stalks top the 

list. Belgaum and Haveri districts generate the maximum agro residues.  

 

But a major data gap is the existing usage patterns of the agro residues. TIDE has generated this 

information locally for mulberry cluster in Karnataka. The mulberry crop generates about 9 tons / 

acre / year of agro residues. The project estimates show that each household burns 2.5 tons of agro 

waste every year for their cooking, bath water heating and other needs. But the villagers estimate 

that this number is 3.5 tons / year.  
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Other fuel related data measured in the field are: 

 

Bulk density of mulberry sticks (kaddi)    44 kg / cu. m  

Bulk density of mulberry stems (dumpe)   70 kg / cu. m.  

Gross calorific value of the same    3960 kilocalorie / kg  

Ash content       2.4%.  

 

The mulberry farmers gave valuable insights to the project to understand local issues relating to agro 

residue collection and trade. They said that were keen to sell their surplus biomass and that farm 

labour was aging and getting scarce. They pointed to several unknown costs and gaps that must be 

addressed before trade in agro residues can be initiated. These were (i) establishing the suitability of 

farm equipment for collection, size reduction, compaction, loading / unloading and transportation.  

Only after the suitability is established it would be possible to recommend standard practices in 

lowest cost transportation / loading / unloading costs through mechanization. Reliable data on cost 

of each of these intermediate steps at different capacities of procurement, trade is required for 

sustained farmer interest.  

 

The team at TIDE spent time and effort in detailing these challenges and finding solutions. They first 

addressed the challenge of size reduction because all efforts indicated that there was a good market 

for shredded biomass. Small shredding equipment was purchased and shredded biomass samples 

were used to explore buyers of biomass. The samples were accepted by briquette manufacturers, 

combined heat and power units (CHP) and a local garment industry. But the orders were in multiples 

of tons and in order to convert the interest into trade, the process of procurement and shredding of 

biomass had to rapidly scale.   

 

A major contributor to the success of the project was its ability to forge relationships with many and 

credible local institutions. The project developed working relationships with SHGs, fuel aggregators, 

local dealers and technicians and a farmer producer company (FPO). The latter has recently signed a 

tripartite agreement with a biomass pelletizing unit and a progressive local farmer for supply and 

processing of 10 tons / day of mulberry waste. Contact was also established with another FPO in 

Kolar that was active in the mango cluster - the Holur Horticulture Farmer Producer Company Holur. 

These farmers have offered biomass resulting from the annual mango pruning which is available in 

surplus.  

 

For stove sales, the project worked with local women from self help groups for carrying out 

awareness meetings. In early stove demonstration meetings, there was very positive response from 

women. They said that they were now aware of the value of the biomass around them. They said 

that they could save fuel and earn money by selling the saved biomass after switching to the Agni 

Sakhi stove. But the project progress met with an unexpected hurdle. The PMUY programme of LPG 

supply by the Govt. had recently penetrated into the villages in Siddlaghatta in a big way. Most 

households now had LPG connections and many of them discovered that they could not afford the 

recurring cost of LPG. The practice of paying for cooking fuel was also alien to them. But families 

were enthused about LPG because it was a clean fuel that cooked fast; it was also a status symbol.  

The awareness creation strategy had to be reworked. The pitch was fuel security, no recurring cost 

of cooking and time saving, an LPG quality flame and with free fuel.   

 

The project focussed on willingness to use  Agni Sakhi as the primary goal of stove sales. The course 

correction carried after the entry of LPG in the villages was (i) to reduce the MRP of the stove to Rs 
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1000 (ii) awareness creation done by TIDE by deploying women from the community and stove sales 

through local entrepreneurs / dealers with attractive commissions. The responses from the 

awareness meetings were mixed. Long time users of LPG were not enthused – they said size 

reducing biomass was drudgery. Households wanting to migrate to Agni Sakhi from traditional 

stoves and recent adopters of LPG who were feeling the financial stress of recurring payment for 

cooking fuel did not mind using sized biomass in an advanced stove. There was equal interest among 

men and women. 

  

Early awareness creation by self help groups did not result in the desired sales; it provided valuable 

insights to stimulate sales. Actual stove demonstrations created a very positive impression about the 

stove in people s minds. The quality of the flame caught their attention and they said that the stove 

performance was on par with LPG. Men, more than women were keen on buying the stove. They 

controlled the household finances and felt the pinch of recurring payment for LPG. It is important to 

attract both men and women from a household to a stove demonstration for easy and quick 

purchase decision making. But in the market place, women were seen rejecting every cooking option 

that required them to move away from LPG. 

 

The project sold stoves through the FPO, through a Siddlaghatta based agricultural and cycle repair 

shop and through a travelling dealer. Stoves were sold by the FPO largely to rich farmers who had 

LPG connections but purchased the stove for bath water heating and other needs. The dealers sold 

to the poorer communities and were supported by the vehicle campaigns conducted by the project. 

The vehicle campaigns travelled to poor villages and targeted communities that could not afford 

LPG. The features of the stove that caught immediate public attention were (i) the stove body was 

not hot to touch, (ii) water was boiling really quickly (iii) The speed and the sound of the flame was 

reassuring and people started comparing the stove with LPG.  

 

Vehicle campaigns also provided varied learning and interesting user interactions. (i) Many 

households were using traditional stoves in spite of availing the free LPG connection (ii) complete 

shift to LPG was not affordable (iii) stove demos with mixed fuels were more appreciated (iv) when 

mobile stove campaigns were held in weekly markets rich discussions with a cross section of people 

were possible.  

 

Richer households that could afford LPG were using Agni Sakhi for other uses like bath water 

heating, cooking non-vegetarian food outside the kitchen, cooking for farm labour and for fodder 

preparation. Poorer households were using the stove for primary cooking. Variety in use of the stove 

was a very valuable and positive feedback. It implied that the stoves were useful and accepted by 

both rich and poor households and for multiple uses 

 

The project worked in a partnership mode with a cross section of partners - a community based 

organization, self help groups, a farmer producer company, stove dealers, a fuel aggregator and local 

technicians.  None of them had worked on a stove dissemination project before Sustaining these 

partnerships required tact, working towards good inter personal relationships and mutual trust.  The 

fact that the project team comprised men and women helped in relationship management. But TIDE 

also tried to categorise these partners as (i) partnerships for a limited, time bound intervention 

without much investment from the project team (ii) partnerships without a commercial angle 
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requiring capacity building investment by the project (iii) partnerships with a commercial angle and 

(iv) long term relationships based on trust. Different methods of nurturing these partnerships were 

developed but usually the project gave more than what it asked of the partner. 

 

The project encountered many challenges and had to evolve and implement a course correction that 

was time consuming. It therefore could collect far less data that what it had originally planned. But 

data collection would continue beyond the project period. The project primarily tracked users and 

user behaviour. It was able to reach out to 40-45% of the users for qualitative information. It also 

captured field level information on fuel saving for shift from traditional to Agni Sakhi and cost saving 

when shifting from LPG to Agni Sakhi.   

 

 
 

Baseline data shows that the traditional stove in the region was very similar to a two pan improved 

natural draft stove with chimney (efficiency not measured but estimated to be around 20%). So the 

fuel saving data below should be understood as saving by shift from an improved natural draft stove 

to a forced draft stove.  Cost saving data is also reported for shift from LPG to Agni Sakhi 

 

Usage Fuel saved /stove 

/ year (kgs) 

Usage Cost saving / 

stove / year (Rs) 

Complete meal shift from 

traditional to Agni Sakhi 

426 Complete meal shift from 

LPG to Agni Sakhi   

5762 

Bath water heating shift from 3 

stone to Agni Sakhi 

455 Tea / coffee / rice 

shift from LPG to Agni 

Sakhi   

2004 

Non veg. cooking shift from 

three stone to Agni Sakhi 

71   

 

The user feedback from the stoves has been consistently positive. They say they liked the stove 

because it offered (i) reduction in cooking time of 40 min / day which is a significant time saving for 
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them (ii) a high temperature and high velocity flame which gives a cooking experience similar to LPG 

without the recurring cost (iii) the stove could cook two dishes simultaneously and also offered the 

flexibility to use as a single pan with large vessels if required (iv) the highest acceptance for the stove 

was coming from users who had recently migrated to LPG (about 6 months to one year) but 

discovered that they had not planned for anticipated the high cost of cooking with LPG.  

 

The consistently high usage of the Agni Sakhi stove has been very encouraging. The high acceptance 

is extremely visible when households are adopting the stove for non family cooking needs like bath 

water heating, cooking for farm labour etc. If Agni Sakhi stoves can be made affordable, they would 

feature prominently into the household energy stack. Agni Sakhi stoves are now in use in 55 villages. 

 

Some problems however do remain, especially size reduction of fuel prior to usage. The temptation 

to use larger pieces of fuel is extremely high.  Efforts have been made to support electric fuel cutters 

in two villages but sizing the fuel is an issue that must be addressed for better stove performance.  

 

Learning and course corrections  

 

The 200 stove experiment was a success with all buyers of the stove using it for different cooking 

and heating needs. This gave good insights into stove stacking, willingness to use  and willingness to 

buy . It highlighted to need for reducing the MRP of the stove, increasing the life of the stove and 

need for a reliable service infrastructure equipped with tools and spares locally. Development of a 

version 2 of the stove is in progress. This would mainly introduce user friendly features and 

operational convenience.  

The course correction that the project introduced was effective in stimulating sales of 200 stoves to 

a cross section of users. Some lessons like working in a partnership mode, awareness through 

women s networks and sale through dealers, effective awareness content and sales pitch can be 

universally adopted during scaling. 

 

Recommended good practices  

 

 Include the warranty card and the user manual into the sealed stove box 

 Good accounting practices to be followed by dealers 

 Train every user in stove usage until there are a critical number of stoves in a village with 

opportunity for experience sharing and peer- learning.  

 Share stove user training with users through social media.   

 Sensitize every user on fuel preparation. Going forward include 10-15 kg of sized fuel as a 

free gift with the stove purchase. This would set the bench mark for good stove 

performance.  

 Track every complaint by the user. Equip the local technician was spares especially of the 

power unit and its components.  
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Cook-stove financing issues identified but not addressed 

 

Consumer financing options are extremely important for scaling. Regions where the stove has been 

accepted and willing to use  has been established would require consumer financing to transition to 

willing to buy . This vast but unexplored issue must be addressed perhaps through another 

dedicated project in the same project area. 

 

Fuel management  

 

 This needs to be done at the local and the ecosystem level. Secondary data shows that that 

the annual generation of agro residues in India are 145 million tons. There is presently no 

information available on the usage of this agro residue and an assessment of the true 

surplus after its use for meeting local cooking and heating needs.  

 Studies on utility and efficacy of different farm and transportation equipment and 

recommendations for best practices in farm level loading / unloading, compaction, 

shredding, sieving and transportation of agro residues are required and must be available in 

public domain 

 Studies in size reducing and sieving of biomass obtained from different types of agro 

residues, and with different size reduction equipment operating at different capacities are 

required and the information available in public domain.  

 Development of standard operating procedures for procurement of sized agro residues, 

quality assurance parameters and procurement level testing of for the same.  

 The focus of fuel management should be agro residues collected exclusively for fuel trade 

and not fuels that are incidentally accumulated because they are by product of value 

addition to agro- produce.  

 

Social exclusion and gender issues 

 

There was a clear divide between the upper and lower caste, between the rich and the poor, the 

landlords and the landless who were working on rich farmer lands. Communication between the 

"haves" and the "have nots" and between men and women was difficult. The project 

conceptualization had failed to anticipate this reality to the extent that was experienced. The project 

had to work with the richer landlords for fuel trade and sell the stoves to the poorer households who 

could not afford the recurring cost of LPG without interfering or influencing the current social 

construct.  

 

Gender issues were encountered when the project was trying to implement the payment option for 

the stove by paying in kind (through fuel). Traditionally very few women have decision making 

power regarding sale of farm produce. The self help groups that associated with the project were 

from relatively rich and upper caste families. The awareness carried out by them was directed only 

at their peers and not at other women or men; the same did not stimulate sales but brought the 

attention to cooking energy issues. Vehicle campaigns had participation from men and women from 

the same family and were able to stimulate sales. After a stove demo, men were keener to buy the 

stove. The family finances were largely controlled by men and through this stove, they could see an 
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opportunity to reduce the monthly fuel expenses and also offer to women a quality cooking 

experience.  

 

The next tasks for TIDE are (i) piloting the low cost version 2 of the Agni Sakhi stove followed by 

certification of the performance of the stove and establishing its position in the IWA tiers. There is a 

lot of work to be done around fuel preparation, technician and user training and enterprise and end 

user financing. A scaling strategy can emerge only after the above ecosystem issues are addressed 

and an enabling atmosphere for stove dissemination created.  

 

This project enabled TIDE to understand dissemination of a forced draft stove. TIDE could get an 

intimate insight into the decision making process of the different user segments. It is now in a 

position to take the stove to other regions with good understanding of the messaging, the different 

methods of community engagement, the correct stove pricing, the design modifications for version 2 

of the stove many more such learning. The project could not explore the problem of making the 

stove affordable through financing innovations. The most positive message from this experience is 

that the community is looking for a change in their cooking behaviour. When the rich, LPG using 

landlords started buying the stove for different domestic applications, the economically backward 

people developed the confidence to buy. This risk taking behaviour needs to be further understood 

and triggers needed to be created for stove purchase (as the drop in the price of the stove provided). 

 

In conclusion, the work done in the project would contribute to building conviction that with a little 

more additional work to address the identified gaps, very pertinent and path breaking options for 

clean cooking can be created wherever there is generation and availability of agro residues. For this 

it is important that he verified results and outcomes be disseminated widely for larger public good 

and universal 
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Chapter 1 

 

Clean Cooking Context In India 

 

The Census of 2011 informs that about 173 million Indian households – as high as 70% (88% in rural 

areas) still use traditional fuels such as firewood, agricultural residue and dung cakes as a primary 

energy source for domestic cooking resulting in hazardous amount of smoke and particulate 

emissions. There is also recent evidence to say that indoor air pollution contributes to about 25% of 

ambient air pollution (PM2.5) in India
2
.  

NITI Aayog s less pessimistic India Energy Security Scenario
3
 (IESS) predicts that 35 per cent of rural 

households will still be reliant on biomass for cooking by 2032, and 20 per cent of households will be 

reliant by 2047. It also predicts that biomass will be mostly used in improved cook-stoves justifying 

the need for R&D in cook-stove design.  

 

A recent report by Lancet
4
, the noted medical journal stated that Indoor air pollution caused 1.24 

lakh premature deaths in India in 2015. The findings establish what experts have been saying for 

long - that air quality in Indian households, especially in the rural areas, is lethal due to the use of 

wood or cow dung as cooking fuel coupled with poor ventilation. 

 

In 2016, the International Energy Agency
5
 estimated that of the global total of 3.5 million premature 

annual deaths from household air pollution (HAP), India alone is home to one million. Apart from 

premature deaths, large numbers of people suffer from the morbidity caused by HAP. As women 

primarily do the cooking, the health impacts are gendered. Access to clean cooking energy and 

ensuring complete migration to clean fuels and cook-stoves is therefore critical. 

 

Use of multiple cooking devices and fuels (referred to as stove stacking) is common practice in urban 

India. This practice is now also spreading to rural India with the rapid penetration of LPG 

connections. However, the access to energy scenario is very different in rural and in urban India and 

so is the affordability. The choice of cooking devices and fuels that constitute the stack in rural India 

would be different but it is important to ensure that each constituent of the stack must offer healthy 

indoor air quality.  

This report focuses on the work carried out by TIDE as a part of a grant funded project for the 

dissemination of the forced draft, two pan, agro residue fired Agni Sakhi stove. The project 

processes include awareness creation with community involvement, understanding resistance to 

change and barrier removal interventions (although to a limited extent) in stove acceptance. As the 

stove required locally available dry and sized fuel, the project also understood fuel supply issues.  

The project experienced issues in social exclusion and gender and managed to circumvent the same 

                                                           
2
https://ehp.niehs.nih.gov/1206340/ 

3
http://indiaenergy.gov.in/iess/default.php 

4
http://www.huffingtonpost.in/2017/10/31/indoor-air-pollution-killed-1-24-lakh-people-in-india-in-2015-

lancet-report_a_23261541/ 
5
https://www.bioenergy-

news.com/display_news/10771/IEA_Biomass_fuels_linked_to_35_million_deaths_annually/ 
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in the stove dissemination process. This project enabled TIDE to understand both the enablers and 

barriers for dissemination of advanced cook-stoves in India. Through project interventions it has 

been possible to provide clean and affordable cooking to 200 households in Siddlaghatta taluk, 

Chikkaballapur district of Karnataka, India.  

 

Barriers to Provision of Prepared Fuels and Clean Cook-Stoves  

 

This report discusses the field experiences and user centric actions carried out by TIDE with Agni 

Sakhi stove in the context of several barriers listed below. An important learning is to address all 

issues simultaneously; otherwise the advantage gained from success in one aspect would be negated 

elsewhere. Convergence of efforts aimed at generating demand for clean cooking energy and 

provision of reliable fuel supply will be critical to the sustained use of clean fuels. 

 

The Pradhan Mantri Ujjwala Yojana (PMUY) has come as a shot in the arm for clean cooking in India. 

The PMUY has been able to connect about 3 crore households with LPG connections since its launch 

in May 2016. Prior to that and for about three decades the Ministry of New and Renewable Energy 

(MNRE) was promoting improved cook-stoves but the MNRE cook-stove schemes met with limited 

success. The PMUY has shown that scale and speed in access to standardized, clean cook-stoves and 

fuels is possible provided there is a strong policy push.  However, sustained usage and a complete 

transition away from the traditional stoves required from the health perspective are inhibited by 

multiple factors. Of prime importance is to focus on user needs and priorities. Any alternate option 

to traditional cooking must be acceptable, available and affordable to the household. This section 

captures briefly the issues.  

 

Acceptability: Cook-stove design to be compatible with user needs and also offer fuel 

security 

 

 Any cook-stove developed for clean cooking must be accepted as the primary cook-stove in the 

household; it should, preferably also meet other user needs like bath water heating and for 

livelihoods. This would ensure elimination of household air pollution resulting from use of traditional 

biomass fired cook-stoves for a variety of applications in homes.   

 The stove must be accepted as an important constituent in the stack of clean cooking options. It 

must be convenient and safe to use; the power level must match the stove users  needs.  

 To meet the above acceptability criteria, biomass fuelled cook-stoves require investments in 

technology development – preferably in cutting edge technology, rather than low end solutions. 

Innovation and R&D support for clean cooking in India is presently neither adequate nor strategic 

and consequently new ideas in cooking energy not emerging. 

 The stove must be able to provide quality of cooking comparable to LPG or electricity but using 

locally available and low cost fuels. 

 Local equipment for preparation of ready to use biomass fuel not available or not adequately tested 

in field situations. Their deployment model also needs to be studies and further developed as 

required.  
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Affordability of clean burning stoves and accessories and affordable cost of cooking 

 

 The PMUY, has been successful in addressing the challenge of affordability of LPG connections. but it 

still needs to meet the challenge posed by affordability of the recurring cost of fuel. We have 

encountered such situations often in our stove dissemination efforts.  

 It is important to take note of user perception about the improved biomass cook-stove especially if it 

is worth buying at the cost quoted. Though the capital cost of a clean cook-stove may not affordable 

in one or two instalments the user must believe that the cost of the stove is reasonable for 

attributes that it delivers  

 The cook-stove must reduce the cost of cooking and the required quality of fuel must be available 

locally at low cost.  

 Easy and accessible financing for clean cook-stoves not available. This barrier must be addressed by 

policy interventions and actions initiated to increase the risk taking ability of financing agencies both 

for enterprise and consumer finance.  

 Our awareness and sales campaigns showed that an affordable capital cost or EMI is different for 

men and for women in a household. We have had better response for stove purchase from men 

than for women because we were not able to offer an instalment scheme.  

 

Accessibility of stoves and fuels compatible with the improved stoves 

 

 Last mile distribution of factory produced cook-stoves and prepared fuels remains a challenge. The 

stove entrepreneur or distributor needs incentives to go to areas where accessibility is low and the 

need is high.  

 Although adequate biomass resource is available in rural areas, their local conversion into useable 

fuel has not met with much success. No local entrepreneur would invest in a fuel preparation facility 

until there is a critical mass of stove users requiring the same. Unless this issue is addressed, 

advanced cook stove penetration would be a challenge.  

 

Ensuring viability of last mile entrepreneurs and distributors providing clean cooking 

access 

 

 Enterprise finance is essential to meet operational needs of enterprises. Without the same, the 

cook-stove intervention will not scale. Entrepreneurs also require partnerships with consumer 

finance agencies. But they face barriers such as high interest rates, high transaction costs, and 

complex collateral requirements 

 Rural entrepreneurs have faced institutional difficulties in setting up businesses. Cook-stove 

companies in rural areas need special concessions under ease of doing business.  

 Absence of regular interaction between entrepreneurs and technology developers is a barrier.  

 

Consumer awareness, effective communication and follow up action 

 

 Consumer awareness about the adverse health impacts from using traditional biomass based cook-

stoves is not translating into sale and usage of clean cooking products and fuels  
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Societal considerations and gender barriers in transition to cleaner cooking 

 

 The focus of distribution companies and small enterprises is more towards meeting sales targets 

rather than sustained use of clean cooking energy product that is sold. Without this perspective, the 

sale will not translate into impact.  

 Our work has shown that the purchasing power of women is lower than that of men in a household. 

If women have to take independent cook-stove purchase decisions, then the financing plan and 

specifically the EMI and interest rates should be compatible with the amount of money that women 

feel comfortable in handling without consent from the male members or elders in the family.  

 

Multi dimensional 

 

 Impacts of lack of it of clean cooking products on women and children are complex. Thus, every 

potential solution must be appraised through multiple lenses to convert a barrier into an enabler.  

 The complementarity of solutions to enhance clean cooking energy is not adequately understood. 

For example, If there is no collaborative effort by various ministries (in addition to energy-related 

ministries) and philanthropies, the road ahead for adoption of biomass based cook-stoves in India 

seems difficult.  

 Institutions have played a substantial role in the dissemination of clean cooking energy solutions. 

There is need for more participatory processes.  

 

Relevant extracts from the draft National Energy Policy on clean cooking 

 

In India, provision of clean cooking fuel has been a challenge with nearly 40% of our population, 

mostly in rural areas without access to clean cooking fuel. The ultimate goal of the National Energy 

Policy is fuel transition to cleaner sources of energy like LPG, PNG and electricity. But it is believed 

that biomass fuel also has an important role.  

 

It is evident that the problem of provision of clean cook-stoves and clean fuels is of a large 

magnitude, and without a clear strategy. Clean cooking fuel has been the biggest casualty of lack of 

coordination between different energy ministries. As nearly 50% of country s LPG consumption is 

imported, supply chain, ramping up of LPG imports will pose a challenge. Issues of R&D, fiscal 

support to manufacturing and after sales services deter expansion of the market. With Universal 

Electrification aimed for 2022, electricity cannot be overlooked as a clean cooking fuel.  Appropriate 

appliances including induction cookers will be encouraged.   

 

The adoption of cleaner sources of energy and improved cook-stoves is hindered by local and 

behavioural patterns, in addition to availability. Rural users need a specialized strategy as their 

cooking needs are varied. Considering historical cooking practices and abundance of agro-and forest-

based biomass, a strategy is required for its deployment as a clean and efficient fuel. Biomass offers 
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several advantages over fossil fuels in the cooking space. Efficient biomass cook-stoves will be an 

important component of the strategy of multiple cooking fuels.   

 

The Government is committed to make tailored subsidy available evenly for urban and rural citizens, 

especially if they are poor. Subsidy will be extended for a slew of measures, including a variety of 

fuels, efficient cook-stoves and for provision of supply chain linkages. An ecosystem of mass market 

for cook-stoves, electric cooking appliances, bottled LPG in various refill sizes, setting up of fuel 

distributorships across the country and strengthening city gas networks in urban areas will be 

encouraged. Promotion of an enterprise based model for operating biogas plants in rural areas 

would increase usability and provide co-benefits of employment and livelihood opportunities.   

 

The cooking sector is set for a sea-change during the time frame of the NEP, with solid biomass 

giving way almost entirely. However, in the over two decade time-span of this Policy, biomass 

cannot be overlooked and efficient cook-stoves have to be included in the basket of solutions.   
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Chapter 2 

 

The Agni Sakhi stove 
 

Cooking food on traditional cook-stoves is problematic. Combustion of biomass in traditional 

cookstoves generates smoke and releases emissions (usually released into poorly ventilated kitchens 

are injurious to health. Traditional stoves also require more firewood because fuel is wasted when 

heat is allowed to escape into the atmosphere. An improved biomass cookstove is a clean 

combustion device that burns biomass fuel more efficiently with reduced emissions and offers 

cleaner cooking energy options. 

 

The Ministry of New and Renewable Energy (MNRE), Govt. of India has been promoting improved 

cook-stoves for about two and a half decades now. The recently concluded Unnat Chulha Abhiyan 

was able to deliver just 1% of its target of 2.75 million household stoves. The rapid increase in the 

LPG connections initiated through the Pradhan Mantri Ujjwala Yojana (PMUY) shows that it is 

possible to scale but the technology must be very robust and standardized. Given the limited 

ecosystem for penetration of biomass cook-stoves, they, perhaps require a different approach.  

 

 
Agni Sakhi forced draft cook stove for household cooking 

Agni Sakhi and Agni Mithra stoves  

 

Agni Sakhi and Agni Mithra are agro residue burning stoves. They are recent innovations from 

Energy Advanced Sustainable Technologies Foundation (FEAST). The stoves are Sized Multi-fuel 

Horizontal Continuous Combustion Devices (SM-HCCD) with high thermal efficiency and low 

emissions. 

Agni Sakhi is a forced draft, two pan stove designed for use in households. The fuel used is low cost, 

locally collected and minimally processed loose agro residues (around 50 mm length). Agni Mithra is 

a higher power stove designed for community cooking or cooking for farm labour, about 30 – 50 

meals). Some features common to both stoves are: 

 Agni Mithra forced draft stove for institutional cooking 
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 Versatility: Stove designs are available for use with different biomass fuels and can be   

designed to match the power levels required for any cooking need  

   They are light weight and portable (weighing about 10 kgs). 

 Ignition is easy, takes less than 5 minutes; the stove operation is smokeless, soot less. 

 The stoves permit control of air entry; the cooking time on par with LPG  

 They are multi-fuel (any biomass fuel of size around 50 x 50 mm can used) 

 They are compact and save space in the kitchen. They are easy to handle and safe to use.  

 The stove body is well insulated with stove body temperatures less than or around 50
0
 C  

 

Table 2.1 Description of the Agni Sakhi stove 

Subject  

Consumption, kg/h 1 kg/h single pan, 1.5 kg/h 2 pan 

Power level, kWth 4 kWth (single pan), 6 kWth (2 pan) 

Fuel Sized dry fuel - wide variety, density does not matter 

Natural convection or 

fan based 

Rechargeable battery based power supply to a 

specifically designed fan 

In-situ combustion? Gasification + combustion 

Continuous?  Continuous 

 

The scientific principles behind the technology 

The technology is an ejector based air supply system designed for intimate mixing between the 

volatiles and air. Ejectors supply air at jet velocities of 15 to 20 m/s and cause low pressure in the 

region behind the jet issuing strands. Volatiles and gases released by the sized biomass are drawn 

into the jets at hyper-mixing rates and burnt releasing flames and flue gases at high temperature 

(900 ±100 °C). The jets are allowed to mix over a specified distance to achieve equilibrium 

combustion conditions after which the gases emerge into the heat extraction zone. The char is 

gasified by additional air supply from below the grate ensuring complete and clean burning of fuel.  

The innovative technology ensures clean and complete combustion (no release of toxic smoke) of 

biomass fuel and very good heat transfer (70% reduction in fuel consumption compared to 

traditional three stove fires).  Efficiency and emission performance of Agni Sakhi cook-stove as 

measured in the Fire Laboratory of Jain University, Bengaluru is presented in Table 2.2 below:  

Table 2.2 Performance parameters of Agni Sakhi stove 

Sl. 

No. 

Other Parameters Units Results 

a CO2 : Biomass (Mass ratio) ---------------- 1.75 ± 0.05 

b CO : CO2 (Mass ratio) ---------------- 0.006 ± 0.0015 

c Total Particulate Matter (TPM)* excluding PM2.5 Mg /kg 22 ± 3 

d CO/kg biomass/hour 

 

mg / min 262 

g / MJ of fuel 

energy 

0.6 

e Particulate matter excluding PM2.5 

  

mg / kg 15 

mg / min 0.36 

mg / MJ 1 
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 *TPM may contain more material obtained from direct experimentation of particulate matter and particulate  

matter excluding PM2.5 may consist of PM 10 indicated by the laser based instrument 

 

Table 2.3 compares the performance criteria of the Agni Sakhi stove against the Tier 4 eligibility 

standards of IWA again in the Fire Laboratory of Jain University. 

Table 2.3: Efficiency and emission performance of Agni Sakhi stove (IWA requirements) 

 

 

 

TIDE would now initiate actions for testing the stove as per IWA standards in reputed labs certified 

for the same.  

 

Partnerships, IP and related issues 

 

The technology, Horizontal Clean & Continuous Combustion Devices – HC3D is IP protected (Indian 

Patent pending). The products – Agni-Sakhi  and Agni-Mitra  – too are IP protected and the rights 

rest with FEAST. TIDE and its partner organization Sustaintech, through a technology transfer 

agreement with FEAST are working for enabling market entry of Agni Mithra (for commercial 

cooking) and Agni Sakhi (for household cooking).  The stoves have been developed by the same team 

that has earlier developed the Oorja stove in response to the felt need for a continuous feed stove, 

powered by locally available sized biomass fuel.  

f Background values of PM2.5 in the domestic and 

laboratory environment before and much after the 

experiment 

µg / m
3
 20 – 40 

g PM2.5 during the light up period of few minutes µg / m
3
 200 

Sl. 

No. 

IWA performance metrics 

and tiers 

Units Metrics 

   Tier 4 eligibility Agni Sakhi* 

1 High power thermal 

efficiency (1.5 kg / hr) 

% % 38    

Low power specific 

consumption rate 

MJ / min. L** .  0.4 MJ/ min*** 

2 High power CO g/MJd  0.70 ± 0.16  

Low power CO g / min.L .  0.10 ± 0.02 

3 High power PM2.5 mg / MJd  27 ± 3 **** 

Low power PM2.5 mg / min.L   NA 

4 High power indoor 

emissions CO 

g / min .  0.27 ± 0.03 

Low power indoor 

emissions CO 

g / min NA 0.05 ± 0.01 

5 High power indoor 

emissions PM2.5 

mg / min  1.9 ± 0.1  

Low power indoor 

emissions PM2.5 

mg / min NA 0.6 ± 0.1  
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Chapter 3 

 

Choice of locations for field testing of Agni Sakhi stoves 

 

Siddlaghatta taluk in Chikkaballapur district of Karnataka was chosen as the preferred project 

location for field trials and pilot sales of the Agni Sakhi stove. The project team was aware that the 

cost of the Agni Sakhi stove was high and doubts were expressed about the willingness of rural 

households to pay the high price of the stove through cash transactions. But the project was keen to 

get user feedback on willingness to use  and willingness to pay  for the stove. To ease the effort in 

evolving a relationship with an MFI for consumer loan and also pilot an innovative financing option, 

an innovative, staggered payment for the stove was conceived. The project proposed to recover the 

stove cost through agro residue collection and sale. The sericulture farmers were generating about 

5-6 tons of surplus biomass / year and the same was not traded and not yet monetized. So, there 

was no expectation of market or income from the surplus biomass and the project team believed 

that these payment terms would not burden the household financially. Of course, one of the tasks of 

the project was to find a market for the agro residue that it would collect.  

 

The other benefits to the household through this intervention would be: 

 Clean indoor air quality, convenience, comfort and speed of cooking 

 Higher social status in the community as they are now perceived as change agents 

 

Other reasons for choosing Siddlghatta as the preferred project location were: 

 Abundant availability of surplus mulberry sticks (kaddi), so conflicts arising due to fuel stress 

were expected to be low. The motivation to sell the hitherto unused mulberry sticks was 

also high.  

 Proximity to Bangalore: The Agni Sakhi stove was being field tested for the first time and 

there were several unknowns about stove like user acceptance, ease of cooking etc. 

Siddlaghatta being just 60 km from Bangalore, all unanticipated problems and user concerns 

could be easily and quickly addressed.  

 Presence of a credible community based organization: Siddlaghatta was about 3 km from a 

village called Thaledummanahalli. The village had an active community based organization 

called Integrated Welfare Foundation that would support the project locally. This was a 

woman led organization that had a good field presence and ability to influence local 

households.  

 During awareness meetings and stove demos, the community had expressed interest in 

using Agni Sakhi as a primary stove; they also expressed their willingness to pay both in cash 

and through biomass.  

 The local opinion leaders and farmers had endorsed the stove during product demos and it 

was believed that both women (cooks) and farmers liked the combination of clean cook 

stoves and trade in biomass.  

 High percentage of electrified houses. This is necessary as the air supply system of the stove 

is powered by a high rpm fan.  
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Table 3.1 below gives more details of the project area 

 

Table 3.1: Details of the project area (source: census 2011) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The main occupation of the villagers is agriculture. Chikkaballapur district has 6 Taluk with 1321 

inhabited villages.  The class I market for the cocoons is at Siddlghatta and Class II markets at 

Chintamani, H. Cross and Chikkaballapur.  There are 3354 silk-reeling families of which 30 are 

engaged in multi-end units.  Area under mulberry cultivation in district is 13358.58 Ha. 15,570 

families reside in the district of which 1159 are scheduled caste, 1276 are scheduled tribes, and 219 

are minorities. 

 

Table 3.2 Area, production & yield of principal crops (2009-10) under all seasons in Siddlghatta 

taluk (Source: Census 2011) 

Sl. 

No. 

Crop Area in Hectares Production in 

tons 

Yield in kg per 

hectares 

1 Paddy 3359 12,784 3995 

2 Rice 3359 8,503 2665 

3 Maize 39,139 1,18,641 3,191 

4 Raga 45, 980 49, 939 1, 143 

Sl. 

No. 

Particular Description 

1 Name of the taluk Siddlghatta 

2 District Chikkaballapur 

3 Area 666 sq. km 

4 Population 2, 14, 169 

5 Scheduled caste 22.5% 

6 Scheduled Tribe 9.2% 

7 Total literacy rate 69.39% 

8 Average sex ratio 966 

9 Total no. of villages 291 

10 Annual Rainfall 763 mm 

11 Area under Sericulture in Chikkaballapur, 

district 

13358.53 Ha 
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Sl. 

No. 

Crop Area in Hectares Production in 

tons 

Yield in kg per 

hectares 

5 Total small 

millets 

25 18 758 

6 Total cereals and 

millets 

88, 503 1, 77, 101 2,106 

7 Total pulses 18, 249 8,930 515 

 

Most of the homes are of Koch type.  The main source of drinking water is the tap water system.  

Most of the households have toilet connection.  93.17% of the households are electrified.  As shown 

in table 3.2, the major crops grown are raga, maize, cereals and pulses.   

 

The staple food of the community is Rice and Ragimudde.  The cooking operation is mostly boiling 

and occasional frying.  The main fuel for cooking is LPG and fuel wood.  Most homes have the 

traditional cook stove located inside the kitchen and also an LPG connection.  Crop residues like 

mulberry stalks and stems (kaddi and dumpe) are used as fuel in the traditional stoves and for bath 

water heating.  LPG is the preferred fuel to cook rice and vegetables and the traditional stove is used 

for preparing Ragimudde because of the taste preferences and perhaps also to conserve LPG. 

Table 3.3 below gives the lighting energy access for Siddlaghatta.  

 

Table 3.3: Lighting energy access in Siddlaghatta (census 2011) 

 

  
Total no. of 

households 
Electricity Kerosene Solar Other oil Any other No lighting 

Total 43593 40617 2734 55 35 26 126 

%   93.17 6.27 0.13 0.08 0.06 0.29 

Rural 34128 31416 2500 48 31 21 112 

%   92.05 7.33 0.14 0.09 0.06 0.33 

Urban 9465 9201 234 7 4 5 14 

%   97.21 2.47 0.07 0.04 0.05 0.15 

 

As can be seen the extent of electrification even in rural areas is high with 93.17% of the houses 

being electrified. Table 3.4 below shows that most of the cooking in the district continues to be done 

using firewood. But, the data provided is from census 2011 and there has been rapid increase in LPG 

connections in 2016 -17.  
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Table 3.4 Cooking energy access in Siddlaghatta 

Number and Percentage of households by type of fuel used for cooking (census 2011) 

 

  Total 
Firewoo

d 

Crop 

residu

e 

Cow 

dung 

cakes 

Charc

oal 

Kerose

ne 
LPG 

Electric

ity 
Biogas 

Any 

other 

No 

cooking 

Total 43593 33360 693 23 17 1550 6767 30 1053 18 82 

%   76.53 1.59 0.05 0.04 3.56 15.52 0.07 2.42 0.04 0.19 

Rural 34128 28414 521 14 15 453 3696 22 914 16 63 

%   83.26 1.53 0.04 0.04 1.33 10.83 0.06 2.68 0.05 0.18 

Urban 9465 4946 172 9 2 1097 3071 8 139 2 19 

%   52.26 1.82 0.1 0.02 11.59 32.45 0.08 1.47 0.02 0.2 

 

 

Traditional cooking practices in the region 

As the mulberry crop generates a lot of agro residue generated round the year, the region does not 

have the practice of firewood collection.  Some homes have Gujarat boilers for bath water heating 

and some have three stone stoves fired by mulberry residue to heat bath water.  Traditional stoves 

are also used to prepare cattle feed and food for farm labour.  

 

Figure 3.1 shows the traditional two pan stove used in the region. Homes also typically have a 

double walled hood above the stove and sometimes a chimney pipe to vent the some of the smoke 

out. It was observed that these traditional stoves were quite efficient and the chimney was also able 

to vent out smoke to a large extent, especially when the fuel used was dry. Data collected from one 

household showed that the stove required 0.76 kg of fuel to cook 1. 35 kg of rice in 37 mins.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Data was also collected from 6 households that used LPG as a primary fuel for everyday cooking. The 

average per capita LPG consumption is 80 grams / day.  Thus, an average family size of 7 people 

 

Fig 3.1 Traditional Two Pan Cookstove Fig 3.2 Three stone fire for bath water 

heating 
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would consume one 14.2 kg LPG cylinder every 31 days. The daily cost of cooking on LPG was 

Rs.22.00 

Biomass as a fuel in Siddlaghatta taluk 

Siddlaghatta is famous for the quality of the mulberry grown and consequently the quality of silk 

that it produces. Thus, most mulberry farmers were quite prosperous and could afford LPG for 

cooking.  

 

  

Figs 3.3 and 3.4 show the amount of biomass stacked outside homes of mulberry farmers 

But both the 2011census data and our ground truth 

verification showed that biomass continues to be extensively 

used for different heat applications even in relatively 

prosperous households. A walk through survey showed that 

biomass was the preferred fuel for bath water heating and 

cooking for farm labour in almost all households. It was also 

extensively used for cooking non-veg. food as the same is not 

prepared in the kitchen. 

 

Most households have an LPG stove and a traditional stove 

for cooking. Water for bathing was heated in some homes on 

the Gujarat boilers and in many others on 3 stone fires. 

Abundant availability of biomass (without having to spend 

time collecting it) also contributed to use of biomass for 

most heating / cooling applications.   

 

A farmer survey in 37 villages (more details in chapter 6) 

confirmed that the average area under mulberry cultivation 

per household was about 3 acres and the farmers estimate 

of surplus biomass after its use in the traditional manner was 

2.67 tons / acre. Thus, on an average, every land-owning 

household generates a true a surplus of about 8 to 9 tons of 

biomass every year.  

 

The project team assessed that there was no food – fuel 

conflict with agro residues. Mulberry sticks (Kaddi), the 

residue obtained is used as fuel for both the traditional stove 

 

Stove stacking practice in Siddlaghatta 

Ms. Sarala Nagesh leader of the Prakruti-

Self Help Group in Thaledummanahalli 

village is a champion for the Sarala stove 

cookstove. She is a post graduate in 

sociology and has worked in a bookstore in 

Bengaluru before was married into a rich 

farming family in the village. She lives in a 

13 member joint family in a two storey 

house. Besides farm land and livestock, the 

family owns two tractors and a Maruti van. 

The house had an LPG stove, an induction 

cooktop and the traditional cookstove in the 

kitchen and a firewood fuelled bath water 

stove. The traditional stove was used for 

making ragimudde and for cooking for farm 

labour. After being associated with the Agni 

Sakhi stove dissemination, she has stopped 

using the traditional stove and cooks for 

farm labour using the Agni Sakhi stove only. 

Non vegetarian food cooked twice a week is 

also cooked on Agni Sakhi.  
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and for Agni Sakhi. But for use with Agni Sakhi, the mulberry sticks (kaddi) remaining as waste have 

to be further cut to the right size by either using hand tools or by electrically operated cutting 

blades.  The project has demonstrated circular saws in two sizes in the project area.   

 

 

 

 

 

     

      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 3.5: A agro residue cutting blade for cutting mulberry waste to the size required by Agni Sakhi 
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Chapter 4 

 

Precision manufacturing of Agni Sakhi stoves 
 

 
Fig 4.1 The Fully Assembled Agni Sakhi stove 

 

The Agni Sakhi stove is a product under development. The first one time order for Agni Sakhi stoves 

was for 200 stoves. The delivery of this order enabled a lot of learning on manufacturing and 

identification of manufacturing improvements. Some photos from the manufacturing location are 

reproduced as Figs 4.2 and 4.3 below: 

 

 
Figs 4.2 and 4.3: manufacturing of Agni Sakhi stoves 

This section is therefore conceptualized as work in progress and this chapter would be regularly 

updated with compilation of more information on manufacturing.  

 

The stove is an assembly of many unique components and each component has a different utility.  
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Table 4.1 Stove components and their utility 

 

S.No. Component Utility 

1 Fuel feeding port (hopper+ pusher) For feeding sized, dry biomass into the 

combustion chamber of the stove 

2 Grates (horizontal and vertical) Horizontal grate to aid clean combustion, 

vertical grate to prevent overloading of 

the horizontal grate 

3 Combustion chamber Gasification of sized biomass, mixing of 

air and fuel and flow and adequate 

residence time for complete combustion 

4 Insulation To prevent heat loss from stove body and 

increase flue gas temperature.  

5 Heat delivery and cooking zone Space where the flames meets the 

vessels; designed for simultaneous 

cooking in 2 vessels 

6 Vessel separator Movable attachment that defines the 

cross-sectional area for each of the two 

vessels 

7 Pot rests For supporting the cooking vessels on the 

stove 

8 Stove legs To give stability to the stove, create 

space below the stove for free 

movement of ash box and for cleaning 

9 Ash tray For ash collection during combustion and 

enabling its safe disposal 

10 Air supply system A set of tubes that delivers forced air into 

the combustion chamber as required 

11 Power unit Consists of PCB, fan, battery and knobs to 

regulate and blow air into the 

combustion chamber 

12 Adapter wire To charge the battery that powers the 

blowers 

 

 

 

During and post manufacturing, the following components were identified as weak links requiring 

scrutiny 
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 Power unit and its components 

 Air supply system 

 Insulation 

 

During user interaction the following were identified as required for user convenience 

 Increase in the fuel feeding hopper size  

 

An important learning is that the design for manufacture must be cross checked by the FEAST team 

before giving the go ahead for the manufacture.  

 

The primary function of the power unit is to push air as required for complete combustion into 

combustion chamber. The components inside the power unit are:  

1. Battery. 

2. Blower. 

3. PCB. 

4. Other electronics components like LED, Potentiometer, Switch. 

 
Fig. 4.6: Front view of the power unit.       Fig. 4.7: Side view of the power unit showing adapter 

fitted into the socket and the air duct. 

 

The entire stove body, sides and base was double walled to contain a layer of insulation. Through 

experience, it was inferred that the choice of insulation and the method of its application can be 

improved significantly.  

 

 

 

 

 

 

 

Table 4.2: Quality issues in manufacturing and recommendations for next version of the stove  
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Sl. 

No. 

Feature in the original stove design  Recommendations for next version of 

Agni Sakhi 

1 Vertical and horizontal grate 

dimensions 

 

2 The horizontal grate must fit snugly 

inside the stove body 

Provision to be made for snug fit of 

horizontal grate  

3 Agni Sakhi in two pieces attached 

with binding wire 

The combustion chamber and two pot 

burner should be offered as a single unit.  

4.  Ceramic blanket used as insulation The same should preferably be 

substituted by a castable refractory.  

5 Air nozzles The air nozzle diameter and cross section 

shape may require slight modification  

6 Power unit issues 

 

 

The power unit can be smaller and 

lighter. Its position should not interfere 

with cooking.  

The charging slot of the power unit 

should be fixed and immovable. The 

length of the adapter wire should be long 

enough to operate the power unit on 

mains. 

7 Insulation  Stove insulation needs better and more 

durable insulation 

9 Air supply system Air supply tubes should preferably have a 

circular cross-sectional area for more 

effective leak proofing 

10 Ash box Ash box and power unit should be on the 

same side or ash box should be operated 

from the fuel feeding side for convenient 

operation. 

11 Supporting legs of the stove The supporting legs should be strong and 

sturdy to hold the weight of the stove, 

the food and the vessels. Preferable to 

have extended round base for each leg.   

12 Protective perforated mesh for the 

stove 

Need finishing of the protective 

perforated mesh required. The fuel 

feeding port does not require the 

perforated mesh. 

 

 

 

Lessons in manufacturing 
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The manufacturing related learning during this pilot production was: 

 The manufacturing facility must have 1000sq.ft. space for inventory of raw material, 

2000sq.ft. for manufacturing, 2000sq.ft. for assembly and 1000sq.ft. for finished goods 

holding and packing.  

 The precision manufacturing of the stove would require the following machines 

o laser cutting machine 1kw,  

o Welding machines 

o Finishing machines 

o Press break for bending 

o Spot welding machines 

 It would be preferable if the facility also has testing and measuring equipment like  
o Bomb calorimeter  
o Oven 
o WBT setup 
o CO measuring setup 
o PM measuring setup 
o Instruments like velocity meter 
o Digital thermometer  
o Digital Vernier, micrometer, height gauge 

 To produce about 100 stoves/ day, the stove production team must consist of (besides HR, 

accounts and admin executives) 

o Fabrication Manager – 1 

o Assembly supervisors – 2 

o Laser cutting operators – 2 

o Bending operators – 2 

o Welding operators – 4 

o Finishing operators – 3 

o Helpers -6 

o Assembly and packing -15 

 The facility must have adequate machining capacity and a wide range of surface finishing 

options. 

 The manufacturing enterprise has to be well networked with raw material suppliers for 

example (cast iron manufacturers, scrap dealers, suppliers of packaging material, 

transporters) for getting best rates for supplies. 

 The manufacturing enterprise should also have good credit relationships with their vendors 

and clients 

 
The manufacturer must also have a systematic procedure for quality assurance. The distribution 

partner must also have their own and similar quality assurance parameters when the stock reaches 

and leaves their warehouse. 
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Chapter 5 

 

Making the Agni Sakhi stove user friendly and affordable 
 

The Agni Sakhi is a very unique stove. It is very different from both traditional and improved stoves 

that most users are exposed to. The flame travels in a horizontal direction for some distance and 

then rises up. Unlike most other forced draft stoves, it does not require fuel pellets (although they 

are an excellent fuel for Agni Sakhi as well); any agro residue or woody biomass size reduced to 

about 50 mm and reasonably sun dried is a good fuel.  A horizontally moving flame also ensures that 

the height of the stove is comparable to the height of the traditional stove and ergonomically 

optimized for the stature of Indian women.  

 

Actions towards user friendliness of the stove 

The Agni Sakhi stove has evolved through this project to become more robust and user friendly. User 

feedback is being continuously collected and assessed and would be done even beyond the project 

period. Ongoing research and development is looking critically at user feedback as well.  

 

Minor design changes 

During product demos prior to sale, the stove was displayed to a variety of users and interested 

public (both men and women). Almost everyone was of the opinion that the fuel feeding hopper had 

to be of a larger size to reduce frequent feeding of fuel. The project took cognisance of this and 

increased the dimensions of the hopper.  

 

For ease of packaging, the Agni Sakhi stove was designed in two parts – the combustion chamber 

and the heat recovery zone which had to be assembled on site. This was problematic when users 

sometimes wanted to move the stove. The design team has taken cognisance of this 

recommendation.  

 

Post dissemination, it was observed that households were using the stove for bath water heating, 

cooking for farm labour, fodder preparation and cooking non vegetarian food outside the kitchen. 

This required the stove to function as a single pan stove for use with large vessels without 

compromising fuel use efficiency. Considering this likely requirement of flexibility, the design team 

modified the pot rests (for placing vessels).  

 

There were several user suggestions about the power unit of the stove). They requested for 

 A longer adapter wire 

 The power unit to offer provision for flame regulation  

 A solar version of the power unit should also be offered.  

 

Non design changes for improving user appeal 

The project team introduced several non design provisions to increase user appeal and improving 

service delivery. Some of these were 
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Serial number for the stove  

In order to track the performance of the stoves, for analysis of servicing needs and in inventory 

management, and to link the stove to the user, every stove has been assigned a serial number.  The 

serial number of the stove is in the form 

2 digit manufacturer name SS for example 

4 digit year of manufacture, 2017 for example 

2 digit month of manufacture 

4 digits stove number starting from 0001 

 

So the first stove manufactured by SS would be coded SS201703/0001 

 

The stove user manual 

This was developed after observing the women using the stove and noting the common mistakes 

made by them.  Before developing the user manual, the necessary contents were first listed. It has 

also been translated into Kannada 

 

Stove warranty  

Presently, a warranty of six months is offered on all stove components. Going forward the warranty 

period would be increased to 1 year for all components except the power unit. 

 

Other conveniences 

For convenience and to reduce the ignition time, the project has included a free squeeze bottle with 

about 50 ml of kerosene as starting fuel. The users take time to get used to a different kind of stove 

and this low cost facility helps in quick acclimatization with the stove. These initiatives also helped 

build relationships between the user and the sales team  

 

Fuel processing interventions 

The Agni Sakhi stove requires dry, size 

reduced but locally available and collected 

biomass as fuel. This means that the fuel, 

usually agro residue had to be size reduced 

either at the household or the community 

level.  The same can be chopped with local 

tools or with the help of electricity operated 

cutter. But the project is cognisant of the fact 

that reduction in cooking time is a very 

appealing stove feature. If the time taken to 

size reduce the fuel is longer than 10 -15 mins / day, then the positive impact of this appealing 

feature would be negated. The project is aware that availability of ready to use fuel at no cost or 

nominal cost would enable usage of the stove regularly without disruptions. The project has 

identified suitable powered cutters for installation as a public facility in a central location.  

 

The fuel security and low recurring cost of cooking that the Agni Sakhi stove offers to its users 

addresses a major concern regarding availability and recurring cost of fuel. When locally size 

Fig 5.1 size reduction of biomass for use in Agni Sakhi 
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reduced agro residue used in combination with a continuous fired forced draft stove offers a flame 

quality comparable to LPG, the user appeal and confidence to buy  is increased.  

 

Cost of the stove 

The ex-factory price of the current version of the stove was Rs 4500 for a small batch size. The final 

selling price of the stove would have to include overheads in marketing, servicing warranty, 

transportation, inventory management, overheads and taxes. The potential for sustained positive 

triple bottom line impact would be compromised by the high capital cost of the stove. Efforts have 

been identified that would reduce the ex factory cost of the stove to between Rs 2000 – 2200) at 

high production levels.  
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Chapter 6 

 

Understanding surplus biomass, mulberry waste and its effective utilization 

 
The opportunity 

The Biomass Resource Atlas
6
 produced by Centre for Science and Environment cites state wise and 

district wise biomass data for the period 2002-2004. Data has been provided for area under 

cultivation, crop production, biomass generation, surplus biomass and power generation potential. It 

also details surplus biomass as available from khaki, rabbi, yearly crops, forest and wasteland. Table 

1 provides details of availability nationally. 

 

Table 6.1: National availability of biomass 

Surplus biomass from Annual production million ton /yr 

AgroKharif 60.8 

Agro Rabi 41.2 

Agro yearly 43.1 

Forest 60.0 

Wasteland 44.3 

Total 249.4 ~250 million tons / yr.  

 

Surplus biomass only from agro residues which is more easily collected is 145 million tons. Data also 

shows that that there are about 40 different types of agro residues available in large quantities, but 

it is expected that ground level processes would be different for different agro residues. 

 

Table 6.2: Biomass surplus availability state wise 

State Agro-residues  Forest and 

wasteland 

residues 

 

Biomass 

Generation 

(kT/Yr) 

Biomass 

Surplus 

(kT/Yr) 

Biomass 

Generation (kT/Yr) 

Biomass 

Surplus 

(kT/Yr) 

Andhra Pradesh 24871.7 4259.4 3601.0 2435.5 

Arunachal Pradesh 400.4 74.5 8313.1 6045.4 

Assam 11443.6 2436.7 3674.0 2424.4 

Bihar 25756.9 5147.2 1248.3 831.9 

Chhattisgarh 11272.8 2127.9 13592.3 9066.0 

                                                           
6
www.cseindia.org/agenda2010/.../Biomass%20Resourse%20Atlas.pdf 
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Goa 668.5 161.4 180.7 119.2 

Gujarat 29001.0 9058.3 12196.3 8251.9 

Haryana 29034.7 11343.0 393.3 259.5 

Himachal Pradesh 2896.9 1034.7 3054.6 2016.1 

Jammu and Kashmir 1591.3 279.5 11461.7 7564.6 

Jharkhand 3644.9 890.0 4876.6 3249.8 

Karnataka 34167.3 9027.3 10001.3 6601.0 

Kerala 11644.3 6351.9 2122.1 1429.2 

Madhya Pradesh 33344.8 10329.2 18398.2 12271.2 

Maharashtra 47624.8 14789.9 18407.1 12440.1 

Manipur 909.4 114.4 1264.0 834.3 

Meghalaya 61.1 91.6 1705.9 1125.7 

Mizoram 511.1 8.5 1590.9 1050.1 

Nagaland 492.2 85.2 843.8 556.9 

Odisha 20069.5 3676.7 9370.2 6084.6 

Punjab 50847.6 24843.0 398.5 263.0 

Rajasthan 29851.3 8645.6 9541.6 6297.4 

Sikkim 149.5 17.8 531.5 350.7 

Tamil Nadu 22507.6 8899.9 4652.4 3070.6 

Telangana 19021.5 2697.2 1550.7 1048.9 

Tripura 40.9 21.3 1035.5 683.4 

Uttar Pradesh 60322.2 13753.7 5478.4 3672.1 

Uttarakhand 2903.2 638.4 4559.2 3055.5 

West Bengal 35989.9 4301.5 1430.7 949.1 

Total 511040.9 145105.7 155473.9 104048.1 

*(Source: http://biomasspower.gov.in/biomass-info-asa-fuel-resources.php) 

Secondary data on agro residues in Karnataka 

Table 6.3 below gives the secondary data on generation of agro residues in Karnataka classified 

based on the type of agro residue generated. 

 

Table 6.3 Agro residue generation in Karnataka 

Agro-residue type Surplus biomass 

('000 tonnes) 

Agro-residue type Surplus biomass 

('000 tonnes) 

Maize stalks 2,113.2  Jowar husk 90.4  

Coconut frond  791.8  Tur stalks 65.7 

Cotton stalks 571.5 Bajra stalk 65.3  

Maize cobs 554.7 Groundnut shell 58.9 

Coffee pruning & 

wastes 

437.5 Cotton husk 40.1  

Paddy husk 351.7 Cotton boll shell 43.2  
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Source: Dept. of Agriculture, Govt. of Karnataka, 2015 -16 

 

The table 6.3 above shows that Karnataka has ample variety of agro-residues (27 listed in the table). 

Table 2009. Table 6.4 below shows district wise availability of agro residues. Belagum, Haveri and 

Davangere have emerged as the districts with the highest generation of agro residues.  

 

Table 6.4 District wise Surplus agro residue in Karnataka 

Coconut husk 321.4  Ragi straw 40.1 

Gram stalks 273.4 Tur husk 39.4 

Sugarcane tops & 

leaves 

262.6 Wheat stalks 26.9 

Paddy straw 235.4  Wheat pod 20.1 

Jowar cobs 225.9  Bajra cobs 16.2  

Groundnut stalks 196.3  Bajra husk 14.7  

Jowar stalks 192.0  Millet stalks 5.1  

Coconut shell 96.4  Total 7,150.0 

 

District 

Surplus 

biomass ('000 

tonnes))  

Agro-residue 

density 

(ton/ha) 

District Surplus biomass 

('000 tonnes)) 

Agro-residue 

density (ton/ha 

Haveri 539.2 1.12  Hassan 446.4 0.66 

Bagalkot 304.4 0.46  Gadag 204.1 0.44  

Bangalore (R) + 

Ramanagara 

96.8 0.17  Gulbarga 382.2 0.24  

Belgaum 730.5 0.55 Kodagu 125.5 0.31 

Bellary 363.8 0.43  Kolar+ 

Chikkaballapura 

74.5 0.09  

Bidar 110.7 0.20  Koppal 116.3 0.16  

Bijapur 284.4 0.27 Mandya 127.4 0.26  

Chamrajanagar 139.6 0.27 Mysore 331.6 0.48 

Chikmagalur 321.8 0.45 Raichur 211.6 0.31 

Chitradurga 317.9 0.38 Shimoga 292.3 0.35  

Dakshina 

Kannada 

75.6 0.17 Tumkur 473.8 0.45 
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Source: Deloitte Study 2009 

 

Surplus mulberry – secondary data and ground truth verification 

Mulberry is an important agro residue meriting intervention but does not figure in the tables above. 

This is because it is confined only to some taluks in the districts of Chikkaballapur and Kolar and the 

volume of its generation at the district level is not significant. But it is a fuel worthy of intervention 

because mulberry waste is generated in significant volumes steadily throughout the year. Karnataka 

has 47,640 hectares under irrigated mulberry plantation out of which 11,857 hectares are in 

Chikkaballapur district and 13, 615 hectares are in the neighbouring Kolar district
7
. Secondary data 

from FAO shows that one hectare of mulberry garden generates 12.1 tonnes of dry mulberry sticks / 

year
8
. For a pilot project, this was an attractive agro residue to work with.  

 

The project worked with farmers to carry out the ground truth verification of the data from FAO. The 

project collected data from a patch of 0.551 acres of mulberry plantation from Doddadasarahalli to 

assess the true generation of surplus biomass. Surplus is defined as the residual biomass after its use 

as a feed for silk worms, and for sheep, goats and cattle. The same is presented below:  

 

Area of mulberry plantation surveyed:    0.551 acres 

No. of plants:      5460 

No. of mulberry sticks per plant (kaddi)   15 

Wt. of each stick (kaddi)  of residual biomass  10 gms 

 

Extrapolating from the above data, surplus biomass generation per harvest from an acre of mulberry 

plantation 

 

No. of plants / acre:     9910 

Wt. of surplus mulberry sticks:    (9910*15*10)/1000 = 1.48 tons or 1.5 tons.  

 

No. of harvests / year     6 

Wt. of surplus mulberry sticks / year   6*1.5 = 9 tons 

 

                                                           
7
www.karnataka.gov.in/Sericulture1/english/.../2012/AAR11-12Ann(E).pdf 

8
www.fao.org/docrep/005/X 

Davanagere 568.8 0.96 Udupi 80.0 0.21 

Dharwad 341.9 0.80  Uttara Kannada 74.8 0.07 

Total Karnataka 7,150.0 0.37 

http://www.fao.org/docrep/005/X
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Fig 6.1 and 6.2 Ground truth verification of the availability of mulberry waste 

 
 

 

Similar assessments were done for mulberry stems (dumpe) that are harvested once in two years 

during re-plantation of mulberry bushes. The yield of mulberry stems (dumpe) was estimated to be 

1.5 tons annually. Most farming households use both kaddi and dumpe for their daily requirements 

for bath water heating and cooking. Considering that the mulberry sticks (kadddi) were relatively 

clean, without soil, the farmers were advised to use the mulberry stems (dumpe) for their daily need 

and to conserve the mulberry sticks (kaddi) for biomass trade.  

 

This data generated was shared with the farmers. They agreed that the numbers presented were 

true and that their estimates were also similar. Thus, the biomass generated from an acre of 

mulberry field / year (both kaddi and dumpe) was estimated to be 10.5 tons. Further assessment 

of the use of agro residue for heating requirements in the household showed that the annual 

domestic requirement of agro residue was 3.5 tons / year. Assuming that the average land holding 

per household is 1 acre, the annual true surplus of mulberry sticks (kaddi) even when used very 

inefficiently is about 5 – 6 tons / year. At a very low procurement price of Rs 1000 / ton, the farmer 

would earn an additional income of INR 4000 / acre / year. Further the farmer does not incur any 

additional cost in harvesting mulberry sticks (kaddi) 

 

Estimating the bulk density of mulberry sticks (kaddi) 

The bulk density of the mulberrry sticks (kaddi) was estimated by filling a pre-determined volume 

with mulberry sticks and taking the weight of the same. Data is presented below for two such 

experiments.  
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Experiment 1 – mulberry sticks (kaddi) fully filled and manually compressed into a power 

tiller 

 

Vol. of power tiller:     0.82 cu. ms 

Wt. of mulberry sticks packed:     41.52 kg 

Bulk density:      41.52 / 0.82 cu. m or 50 kg / cu.m 

 

Experiment 2 – mulberry sticks(kaddi) filled in a measured enclosed space  

Volume of the enclosed space     0.342cu.m 

Wt. of mulberry sticks packed:    15.19kg 

Bulk density       44 kg / cu.m 

 

Bulk densities of mulberry stems (dumpe) and sticks (kaddi) were also measured by loading a tractor 

and then taking it to a weigh bridge. The following data was obtained: 

 

Bulk density of mulberry stems (dumpe): 0.07 gms / cu.cm or 70 kg / cu.m 

Bulk density of mulberry sticks (kaddi):  0.37 gms / cu.cm or 37 kg / cu.m 

 

Thus, on an average, the bulk density of mulberry sticks (kaddi) was measured to be 44 kg / cu. m.  

 

Calorific value of mulberry stalks 

The mulberry stalks used in the project were analysed for Cclorific value and ash content. The same 

is given in Table 6.5 below: 

 

Table 6.5 Laboratory analysis of mulberry stalks 

S. No. Description Units Results 

1 Ash content %w/w 2.4 

2 Gross calorific value Cal/g 3960.0 

 

Highlights from farmer survey 

TIDE conducted a survey among mulberry farmers to seek information that would be useful in 

setting up trade in surplus mulberry. The survey captured contact details, obtained consent for trade 

in surplus biomass and collected first level farmer s estimate of the extent of surplus generated.  It 

also captured the number of farmers owning tractors. The survey was carried out in villages of 

intense mulberry cultivation. Details obtained from the survey are summarized below:  

 

 No. of farmers met: 197 

 Area under mulberry cultivation owned by surveyed farmers: 590 acres 

 Average area / farmer surveyed: 3 acres 

 Farmers  estimate of surplus / acre / year - 2.67 (it is our understanding that farmers are 

referring to the roots (gumpe) only.  

 Biomass committed by farmers for trade so far 522 tons  

 No. of farmers who were not interested in biomass trade: 4 farmers owning 20 acres of 

mulberry plantation 

 132 out of the 197 farmers surveyed did not own a tractor 
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Highlights from different farmer meetings  

 The farmers agreed that with our estimation 

of the surplus of the mulberry sticks and stems 

(kaddi and dumpe). They also expressed their 

keenness to trade in the same 

 The labour situation in mulberry farming was 

becoming very difficult. Considering the 

proximity of mulberry farms to Bangalore, the 

younger generation was not interested in 

farming and migrating to Bangalore. The 

existing farm labour was aging, getting scarce, 

expensive and inefficient.  

 The farmers advised that considering the low bulk density of the mulberry sticks, it would not be 

remunerative to transport the same. It would be preferable to explore options for their local 

level size reduction and compaction prior to transportation.  

 The labour cost in removal of roots of the mulberry plant and their replantation was very 

high(about INR 4000 -6000 / acre). The farmers said that they would consider an offer where 

a third party invests in labour and machinery for removal of the roots in exchange for the 

harvested biomass.  

 The farmers were extremely supportive of the household stove intervention and said that it 

would be good for women if they could save LPG but get similar convenience from locally 

available biomass sticks.  

 The farmers in Thaladummanahalli requested for technical guidance for identification of an 

equipment for removal of bushes and stumps of mulberry prior to replanting. They also 

wanted support in assessing the performance of the equipment - electricity consumption, 

labour cost to arrive at an indicative cost / ton for removing the biomass from the fields.  

 It was discussed that there was also a need to identify an equipment for local level size 

reduction and compaction of the biomass for reducing the transportation cost.  

 The farmers flagged that besides the high cost of transportation of low density biomass, 

costs incurred in loading and unloading of the same must also be accounted for.  

 There was also a discussion around formation of a farmers group that would:  

o Own the equipment for removal of bushes and stumps and decide on its usage  

o Participate in negotiations with the aggregators for surplus biomass supply and price 

fixation 

o Support with their own tractors for material movement to aggregator location if 

required 

 

However, the above could not be implanted because of the inability to find suitable equipment for 

removal of stumps and roots.  

 

 The farmers said that two types of harvesting machines could be explored for best field level 

operation – (i) Knapsack mulberry harvesting machine and (ii) Tiller attached mulberry 

harvesting machine. They believed that the introduction of mulberry harvesting machine 

could reduce labour costs in harvesting. But they related past unsatisfactory experiences.  

Fig 6.3 Picture of surplus mulberry sticks at the farm 
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 The farmers recommended that after initial trials, trade in surplus agro residue could be 

promoted in the entire Siddlaghatta region through the cocoon market. 

 They also said that at a later stage when the concept of biomass fuel chain has stabilized, 

Farmer Producer Organizations (FPO) could become involved. The same could be widely 

disseminated among the farmers through different local media channels 

 

Size reduction of mulberry sticks 

As mentioned in an earlier section, the bulk density of mulberry sticks (Kaddi) was as low as 44 kg / 

cu.m. While farmers were keen to trade in this fuel by asking aggregators to come to their sites and 

pick up the same, it was important to first increase the bulk density of the agro residue to make its 

trade viable. It was believed that the same could be done as a two stage process -  size reduction 

followed by compaction. The project has been able to carry out action research in size reduction. 

However, it could not address the issue of biomass compaction as a suitable equipment required for 

farm level compaction could not be identified. Some of the equipment and their suppliers that the 

project identified are summarized in Table 6.6 

 

Table 6.6 Summary of vendor development for size reduction of agro residue 

 

Name of supplier Contact & Address  

Equipm

ent type 

Capacit

y(kg/hr) 

Power 

require

d Input 

Out 

put  

Cost 

lakhs 

(INR) 

Ecostan India 

Private Limited; 

Web: 

http://www.ecosta

n.com/ 

E-mail: 

info@ecostan.com 

Sanjay Vadhera(Mac)- 

9004315685                         

Ludhiana Malerkotla 

Road  

K.M. 23, VPO: Lehra, 

Distt: Ludhiana, Punjab 

PIN 141118 

Hammer 

mill-

HMG2 

1300 35 HP 2-3 in 4-

4.75

mm 

5.50 

  chipper 

cum 

grinder-

CCG3 

2000 66 HP 3-4 ft. 2 – 3 

in 

9.0 

  Rotary 

Drum 

dryer -

RDD3 

2000 35 HP   21.50 

Jay khodiyar: Tel: 

+91-281- 2367512/ 

2367594/ 2388115 

Rudra Joshi-

+918000000076 

Street No: 2, Samrat 

Industrial Area, Gondal 

Road, 

Rajkot - 360 004, 

crusher 

cum 

shredder 

2000- 

3000 

50 HP 10 

cm 

dia 6 

ft 

lengt

h 

 6.5 

mailto:info@ecostan.com
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Gujarat   

 MukeshRaval : +91 

92278 74035 

Turbodry

er -JK-

CTD-80 

2000 - 

2500 

50 HP   16.5 

Paragon Mech 

Industries 

info@paragonbaro

da.com  

paragonhalol@gma

il.com 

Mansukhbhai Patel-

9426052345,94263381

78 

709, G.I.D.C Estate, 

Halol 389 350, Gujarat, 

Full circle 

hammer 

mill 

1000 - 

3000 

40 HP   27.5 

Shri Krishna 

Pulveriser 

RR Khare- 9336236680 

30, Industrial Estate 

Kaipi Road, Kanpur -

208012,UP 

hammer 

-mill 

1000 100 3 – 4 

in 

4.0 – 

4.75 

mm 

7.15 

  chipper-

size 42" 

1000  6 ft  3 in 5.57 

  Rotary 

sieve 

8' x 

30"(man

ual feed) 

   3.75 

  Conveyor 

- dryer 

30 ft by 1 

meter 

65 KW   21,4 

Rajkumar Agro 

Engineers Pvt.Ltd. 

Mr.Prashant- 

09225237191 

near Union 

Road,GhatRoad, 

Nagpur-440018 

super 

power 

wood 

chipper 

3000 - 

5000 

75HP 5 in  10 – 

30 

mm 

13.3 

  heavy 

duty 

wood 

chipper 

1200 30 HP 2 – 

3.5 in 

3 – 

15 

mm 

3.75 

Bhide& sons Pvt. 

Ltd 

info@bhidesons.co

m, 

www.bhidesons.co

m 

1111-A- Timber Area, 

P.O. Box No.51, 

Shivajinagar (N), 

SANGLI- 416416. 

Maharashtra 

Tel.:+91 233 2375011, 

6428121,  

 

Chipper / 

Shredder  

 

 40 HP 3 in  3.57 

 

mailto:paragonhalol@gmail.com
mailto:paragonhalol@gmail.com
mailto:info@bhidesons
http://www.bhidesons.com/
http://www.bhidesons.com/
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Experiments in size reduction of mulberry agro residue 

 

Mulberry sticks arecurrently an untraded biomass fuel. But features like high calorific value, low ash 

content, usually low moisture content and low soil contamination made it an attractive biomass fuel 

that could be put to better use. It was therefore important that mulberry sticks be size reduced (to 

increase the bulk density) and converted in a form that was easy to handle and tradeable. The 

farmers were not aware about such equipment and how mulberry could be shredded at the farm 

level.  

 

Vendor development was done to identify equipment suppliers who could size reduce mulberry 

sticks and sieve them through mesh sizes of 12mm, 8 mm and 5 mm initially for a demonstration 

unit. Vendors were short listed using the following criteria: 

 

 Equipment capable of shredding biomass to 5 mm and 12 mm (assessed to be the size 

segment with market interest) 

 Equipment having a power rating that matches the connected load available to the local 

aggregators 

 Equipment that was affordable by TIDE, and which could generate good quality samples for 

market development 

 Equipment that can be installed in the existing premises of the local aggregator and still 

make the business of trade in small volumes viable.  

 

Three equipment suppliers namely 

(i) Messrs. Bhide& Sons Pvt.Ltd.,  

(ii) (ii) Lehra Biofuels Pvt Ltd. and , 

(iii) (iii) Ecostan (pioneers in the field of biomass processing) were shortlisted as vendors having 

suitable biomass shredding equipment.  Samples of mulberry sticks were transported to the 

factory of Messrs. Bhide and Sons at Sangli to test the suitability of the equipment to shred 

the same. The visit to the factory exposed the team at TIDE to a large variety of size 

reduction equipment for biomass and their suitability for mulberry size reduction. 
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Some of the chipping and shredding machinery compatible with our requirements are summarized 

in fig 5 below: 

 

 
Figure 6.4 biomass size reduction machinery surveyed 

 

The machine that was identified as most suitable and affordable as a demo unit is the chipper 

shredder model-CS-50 with 10HP three phase electric motor. I s output was about 200-250kg / hr 

for 5mm size but variable with fuel characteristics like dryness, density, thickness and mesh size. 

Using this machine, it was possible to generate biomass samples for market development and for 

limited trade of shredded biomass. The theoretical estimate of the cost of size reduction at a 

capacity of 100 kg /hr was Rs 0.60 / kg  

 

Table 6.6:Specification of the demo equipment purchased 

S.No CS 50 Electric Motor driven, HP required 10 to 20 HP                                                                  

Output Capacity 800 Kg to 1000 kg /Hr. approx., Chipping Capacity 2” Dia. Wet 

branch. 

1 No. 

1 10 HP, Three Phase, Electric Motor 1 No. 

2 Control Panel for 10 HP 1 No. 

3 V Belts 3 No. 

4 Screens -3mm, 5mm, 8mm, and 12 mm 1 no(each) 

 

The project was unable to fix a purchase price for procurement of the sticks from the farmer without 

resolving the issue of cost of transportation. The local aggregator who was willing to expand his 
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biomass trade to also cover agro residues indicated that he could sell shredded agro residue Rs 1.80 

/ kg which were his selling price of sawdust. It was clear that additional work had to be done on 

reducing transportation, loading and unloading costs. The project also faced budgetary constraints in 

scaling up the preliminary work and understanding gained through the exploratory work. 

 

 
Fig 6.5 samples of shredded mulberry sticks (kaddi) 

 

 

Building fuel supply chains with farmers 

 

 
Fig 6.7 Generating samples of shredded mulberry sticks 

 

 

 

 Fig 6.6 Location of installation of the chipper shredder 
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Process followed in generated samples of shredded mulberry sticks (kaddi) is depicted below: 

 

 

With display of samples, the team at TIDE was able to attract more interest from other sized biomass 

users as well. The samples were accepted by briquette manufacturers, combined heat and power 

units (CHP) and garment industry. But the capacity of the machine acquired to shred biomass was far 

lower than the tonnage of interest in procurement. Further a lot of work had to be done with the 

farming community to enable a steady trade with an interested buyer. The problem of material 

movement also had yet to be solved.  

 

Identifying local aggregators, market development for size reduced biomass and agreement forged 

The project team interacted with all firewood traders in the vicinity of the mulberry growing cluster. 

As the same was also a silk reeling cluster, there was a great demand for firewood in the region. 

Table 6.7 has details of the small traders and Table 6.8 has details of the larger traders: 

 

Table 6.7 Small firewood aggregators in Siddlaghatta 

 

Name of depot 

owner 

Ansar Pasha Wasim Akram 

 

K. Siraj Babu Haridas 

Contact No. 

 

886721649 9686006592 9972490504 08547869612 

Landmark Sidlaghatta Railway 

Station 

Siddlaghatta Kothanuru Siddlaghatta 

market 

Area under wood 1200 sq. ft 1200 sq. ft 1 acre 0.5 acre 
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storage 

Monthly tonnage 

(tons) 

30 30 150 300 

Machinery Band saw Band saw small cutting 

machinery 

Band saw, chain 

saw 

Type of biomass Tamarind,  

neem,pongamia,jungle 

Tamarind, neem, 

pongamia,jungle 

jungle eucalyptus Tamarind 

Interest in 

mulberry trade 

yes No yes yes 

Ability to invest yesRs 2-3 lakh? No  Rs 2 lakhs 

Registration no No sales tax No 

Material 

movement facility 

2 ton tractor No tata ace Eicher 407 

 

Table 6.8: Details of engagement with larger biomass traders 

Name of aggregator 

 

Brief description of operations 

 

Nature of engagement for which 

identified 

Haridas-Lakshmi Timber Mills Local trader of firewood with 

facilities for size reduction.  

Supplier of firewood to the 

sericulture units, households, 

commercial kitchens nearby. 

 

Has expressed an interest to 

diversify into agro residue trade. 

He has adequate floor space for 

aggregation of mulberry, good 

relations with FPO and the 

community. TIDE has supported 

him with equipment for shredding 

mulberry sticks.  

For collection and processing of 

mulberry locally 

 

Trade in stoves and fuel for stoves 

 

Processing of mulberry sticks for 

supply to others users of biomass 

(except shell) 

 

First Energy First Energy is a Thermax ancillary 

engaged in preparation of 

biomass fuels for use in 

cookstoves and industrial boilers, 

furnaces. They have a production 

facility in Hubli / Dharwad and 

have expertise in sourcing 

biomass, its drying, size 

reduction, sieving and in 

For a potential long-term 

relationship with Shell for fuel 

supply of exacting specs. 
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compaction.  

SGM Agro, Jigani SGM Agro is a manufacturer of 

biomass briquettes. They are 

based in Jigani 

They could assist in biomass 

residue pulversing and sieving 

support. 

Morson Suppliers Processor and supplier of any cut 

biomass for large volumes for 

companies in  

Any kind of biomass could be 

sourced from this company 

Energy Resources Energy Resources is a Tumkur 

based biomass briquette 

manufacturer 

They could be used for availing 

biomass residue pulversing and 

sieving support. 

 

Identification of new buyers of surplus biomass 

Identification of new buyers of surplus biomass is being continuously carried out to grow the 

network of suppliers of biomass and users of the same. These activities would have multiple benefits 

(i) the mulberry farmers would get an additional source of income, (ii) the fuel aggregator would 

have a diversified business (iii) the diverse users of shredded biomass would have access to a non 

tree based biomass with positive environmental benefits.  

 

Table 6.9 Potential new buyers of surplus biomass 

New buyer short 

listed 

 

End use 

 

Level of pre-

processing 

required 

Quantity 

requirement 

(estimated) 

Likely purchase 

price 

 

Shell Apparels Pvt. 

Ltd. Melur 

Biomass briquette 12 mm shredded 3 ton per day Rs 2.5 per kg 

Bio-lutions, 

Yelahanka 

Manufacturing of 

disposable 

packaging  

Raw feed stock  8 tons per day Rs 0.30 per kg 

SGM Agro, Jigani Biomass briquettes 8mm shredded Atleast 10 tons per 

day 

Rs2.5 per kg 

Sidlghatta 

Sericulture FPO 

Cow feed 8mm shredded As per order Yet to be 

estimated 

Nugreen Fuel pellets 12 mm + shredding 

locally 

10 tons / day Negotiated with 

FPO 

 

Working with an FPO 

TIDE was introduced to the Sidlagatta Sericulture Farmers Producer company (FPO) in the process of 

interaction with farmers. The FPO has about 1200 members all of whom are sericulturists and 

mulberry farmers.  The Board members have communicated their interest in sale of surplus biomass. 

A discussion was held with them to assess the amount of surplus mulberry that they could make 

available for biomass trade. They have communicated their estimation is as follows: 
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Number of members of the FPO:   1200 

Expected collective land holding of the members: 3000 acres 

Estimation of surplus biomass available for trade /  

farmer or per acre:      600 kg per farmer per month 

Estimation of the total surplus biomass available  

for trade annually     3 tons per farmer  

 

Salient features of the discussions with the FPO are captured in the table 6.10 below : 

 

 

 

Table 6.10: Details of meetings with FPO for building fuel supply chains 

 

Date Meeting with  

Farmers 

Discussions and decisions 

17-July 2017 Identification of FPO in 

Sidlaghatta and intial ice breaking 

session, finding mutual contacts 

and connections etc.  

We discussed about the joint implementation of 

certain activities of the project in the area of 

influence of the FPO - Sidlaghatta and the 

responsibilities and benefit therein for the farmers. 

The entire supply chain for stoves and fuel was also 

discussed. 

20-July-2017 Meeting between the biomass 

aggregator and the FPO 

Discussions covered topics like 

Transportation of agro residue, the quantities and 

the trial period for testing out the supply chain 

logistics.  

Demonstration of the CS-50 machine for size 

reduction of the agro residue and the different end 

uses for the same.  

Different options for sales of stoves through the 

FPO. 

 

Other achievements in fuel supply chains 

Contact was established with another FPO in Kolar that was active in the mango cluster - the Holur 

Horticulture Farmer Producer Company Holur. For the past 1.5 years, this is also head quartered in 

Sidlaghatta. These farmers have offered biomass resulting from the annual mango prunings which is 

available in surplus. TIDE would further explore this relationship 

 

A formal tripartite agreement between Nugreen (manufacturer of biomass pellets) and a progressive 

farmer (an individual member of the FPO) and the FPO has been signed in December 2017.  The talks 

were initially about lease of land to set up a biomass size reduction facility locally but have moved on 
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to other issues relating to biomass supply etc. TIDE representatives were a part of the initial 

discussions where the responsibility of the farmer (or FPO) would be to supply 10 tons per day 

biomass. Nugreen would invest in equipment and machinery on leased land locally to set up a size 

reduction facility. The same would then be transported to their pelletizing facility nearby.  
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Chapter 7: 

Awareness creation and market development 
 

The project had two key deliverables – (i) dissemination of 200 Agni Sakhi stoves and (ii) build fuel 

supply chains to initiate biomass fuel trade. The dissemination of Agni Sakhi stoves (an advanced 

biomass stove that can offer LPG quality flame using locally available mulberry sticks) would 

highlight to the community that the agro residue that is considered a waste and a nuisance is 

actually a valuable resourcethat can fetch money to the farming households. The awareness 

creation for Agni Sakhi stove highlighted not only these fuel related aspects but also other features 

like low emission, fuel efficiency, convenience, time saving, etc.  

 

The project initially proposed to sell the stove for Rs 4500. Rs 500 would be paid as an advance and 

the balance could be paid in kind (4 tons of agro residue) over 3-6 months (depending on land 

holding)  

 

The purpose of awareness creation for the Agni Sakhi stoves was to: 

 Exposure the community to a radically different and very clean cooking energy device 

 That it was possible to get a high quality flame without smoke or soot with locally available 

biomass 

 That Agni Sakhi users would not only reduce cooking time but cook with much lower 

quantity of biomass and that the fuel savings can be monetized 

 For families that have migrated to LPG based cooking and are feeling the pinch of high cost 

of cooking, the Agni Sakhi stoves can reduce or even completely eliminate the recurring cost 

of cooking 

 That the stove – fuel combination offered rural users, fuel security with free fuel available in 

their midst.  

 

The project implementation team was aware that this was the first attempt at selling a such a 

different stove and that there would be both resistance to use and resistance to buy. Thus, a lot of 

the project effort was focussed around awareness creation and market development. The 

opportunity to learn about consumer behaviour was also tremendous and subsequent chapters 

detail the same.  

 

The first awareness meeting was held in Thaledummanahalli village about 3 kms from Siddlaghatta 

town, even before the commencement of the project. The village was chosen because of the strong 

presence of Integrated Welfare Foundation, a community based organization that had a track record 

for work in community mobilization and in bio-energy. Support was sought from IWF for 

 Conducting village level meetings and identifying potential users of Agni Sakhi stoves in 

nearby villages 

 In operationalization of the trade of the surplus biomass 

 In maintaining data on users and for managing payments for the stove.  
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The project also associated with two self help groups Prakruthi and Vishnu Priya. They accepted the 

above responsibilities under the overall guidance of the IWF and TIDE. This association gave the 

stove programme an initial boost as local champions were speaking on behalf of the stove and the 

option to pay through agro residues. 

 

During early stove demonstration meetings, there was a lot of positive response from the women. 

They said that they could now realize the value of the biomass around them and that it is possible to 

save both money and fuel through adoption of Agni Sakhi stove. Subsequently more awareness 

meetings were held in other villages with support from and by women self help groups. TIDE took all 

community related decisions in consultation with IWF and key members of the self help groups. 

Some of the important points discussed and decisions taken are:  

 

 The PMUY (Ujjwala programme of LPG supply by the Govt. and oil marketing companies) had 

recently penetrated into the villages in Siddlaghatta in a big way since the first stove demo was 

held. Most households now had LPG connections but many of them were not able to afford the 

recurring cost of LPG. The practice of paying for cooking fuel was also alien to them but families 

were welcoming LPG as a clean and fast fuel.  

 Under the circumstances, the SHGs recommended that awareness creation and market 

development for Agni Sakhi stoves be expanded to more villages than was originally planned. 

 For further decentralization and growth of the women s network, a representative from the 

identified SHG in each village be made responsible for stoves sales. They were incentivized by 

paying them 3% of the sales value of the stoves and the agro residue. 

 The SHGs also informed that the early buyers of the Agni Sakhi stoves were very concerned 

about the time provided for payment for the stove through sale of surplus biomass so that their 

cattle were not denied food. It therefore accepted the suggestion of a longer payment period. 

 

 
Figs 7.1 and 7.2 Awareness meetings for Agni Sakhi in different villages 

Before the awareness meetings could result in sales, the monsoon had set in and every one became 

busy with the agricultural activity. Differences also cropped up between the two self help groups. 

The project had to intervene. It decided to back enthusiastic women supporting the project activities 

as champions instead of backing self help groups. It was decided that the Prakruthi-self help group 

member Sarala be made the main community co-ordinator. She would delegate tasks to village level 

representatives in a phased manner. The project team decided that the pitch in the awareness 

meetings would be fuel security, recurring income from biomass monetization and a smokeless 

kitchen in homes that did not have an LPG connection.  
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Posters explaining the stove and the payment scheme were displayed in 10 -12 villages. Ms. Sarala 

started receiving a lot of queries (about 10 -15 calls / day) and requests for demos from the villages. 

But these did not translate into stove sales and the same was a matter of concern. TIDE team 

engaged with village representatives and with Sarala and assessed that 

 

 The option of payment for the stove through trade in fuel was not understood by women and by 

farmers. There were questions about who would buy the surplus biomass, at what price, who 

would bear the cost of fuel transportation, what would be the end use of the supplied biomass 

etc. The project was also not in a position to answer these questions. 

 The posters had communicated that the cost of the stove was INR 4500 with the first 500 being 

paid in cash and the balance in fuel. But as the same was not understood 

 For a relatively new and unknown product, the households could not afford the cost of the 

stove. Most households had recently opted for the LPG connection and said that another 

expense for households cooking was not their priority.  

 The stoves had a few manufacturing defects that were identified only after the stoves were 

unloaded. The repair of the stoves under full public scrutiny did not inspire confidence. Thus, the 

initial high interest in the stoves started receding.  

 To send out a positive message, the project team released 3 stoves into the community for user 

trials to overcome the initial resistance. This was a powerful strategy and worked well with 

women who were familiar with stove usage. But for new women who were not trained in 

lighting the stove, stove usage became cumbersome. The team understood that a lot of time 

had to be spent on user training.  

 

The project team again took stock of the situation and re-strategized project implementation. It was 

decided that  

 The MRP of the stove be brought down to Rs 1000;  

 The project would work with local entrepreneurs / dealers instead of self help groups and 

offer them attractive commissions for sale of the stove 

 It was decided that fuel trade be handled by the farmers.  

 

These decisions were implemented through community led awareness meetings and enterprise led 

sales related actions. The project team created a local stove servicing technician responsible for 

installation, battery charging and demonstration training for the first firing of the stove. This was a 

huge confidence building measure. The feedback from the awareness meetings were mixed. 

Households with long time LPG connections said that the size reduction of biomass fuel for Agni 

Sakhi was a drudgery. The same was not an issue with households migrating from traditional stoves 

to Agni Sakhi stoves or with recent adopters of LPG who were feeling the financial stress of recurring 

payment for cooking fuel.As the number of meetings increased, the process gathered momentum. 

There was equal interest among men and women.  

 

At the same time the project came into contact with the Farmer Producer Organization (FPO). This 

interaction immediately exposed the project team to more than 1000 mulberry farmers, many of 

whom were keen to know more about the Agni Sakhi stove. The project sought assistance from the 

FPO for stimulating stove sales and offered awareness cum stove demo meetings in locations 
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Fig 7.5 A vehicle campaign in progress 

recommended by them. The Agni Sakhi stove was introduced to the farmers and the FPO.A joint 

decision was also taken to conduct stove demos in different villages identified by the FPO. 

 

 
Figs 7.3 and 7.4 Awareness meetings and stove demos for FPO 

The project team also carried out vehicle campaigns on its own as well as they realized that through 

the FPO, the project was mostly reaching out to the rich farmers who could afford LPG. The vehicle 

campaigns conducted by the project went into poorer villages and were directed at communities 

that could not afford LPG and those who could not be reached through the FPO. These were villages 

whose residents were landless wage laborers, small and marginal farmers and where there was no 

mulberry cultivation.  

 

The mobile stove campaign was conducted by hiring a local professional campaigner who came with 

an auto rickshaw fitted with a sound 

system. The communication content about 

the stove was pre-recorded and 

interspersed with catchy kannada film 

music. Posters about the stove were also 

displayed on the vehicle after obtaining 

prior police permission for the same. As 

the campaigner was local and experienced 

in campaigning, it was possible to reach 

out to 4-5 villages in a single day. As per 

the public demand, the stove demonstration 

began with stove assembly, explaining the 

significance of its different parts.  This was followed by the lighting of the stove and demonstrating 

water boiling. Local field coordinators were simultaneously engaged in discussion with the people 

and answering the technical questions.  The features of the stove that caught immediate public 

attention were: 

 The stove body was not hot to touch 

 The fast coming to boil of water being heated caught the people s attention and was very 

convincing.  

 The speed and the sound of the flame were reassuring and people started comparing the 

performance of the stove with that of LPG.  
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Men, women, the elderly and school going children gathered at the demo site to see the stove. Men 

were curious about the technology and women were mainly concerned about the cost, warranty, 

post warranty support, after-sales service, installation etc.  There were several learning from the 

mobile stove campaign 

 Many households are using traditional wood fired stoves for cooking in spite of availing the 

free LPG connection. Regular use of LPG is expensive and villagers have to pay for LPG 

delivery.  

 Stove stacking is very common in large households with 10 or more family members. Stoves 

regularly used are the traditional cook stove, electric induction cook stoves, Agni Sakhi 

stoves and LPG stove. 

 Stove demonstration with multiple and mixed fuels show the versatility associated with fuel 

use and was appreciated by the audience 

 The vehicle campaign managers should insist on documenting names and contact numbers 

of the visitors for future follow up actions. 

 Mobile stove campaigns in the weekly marketenabled interaction with people from different 

villages and these were rich discussions 

 

Thus, through these multiple actions towards awareness raising, the project was successful able to 

sell the 200 stoves to a cross section of users. Analysis of the usage patterns is described in chapter 

10.  
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Fig 8.1 Meeting at the FPO office 

 

Chapter 8: 

Partnerships and linkages 

 

The project was disseminating a very different type of stove, for the first time in and in a new 

location for TIDE. This effort required working in a partnership mode, making them work and 

sustaining them. None of the identified partners had worked on a stove dissemination project 

before and there were strong pros and cons in working with uninitiated partners. Some of the 

partners that the project worked with were: 

 

Prakruti-self help group 

Prakruti was one of the three self help groups present in Thaladummanahalli village, Sidlaghatta 

block of Chikabbalapur district, Karnataka. It has 14 members and a strong leader in Ms. Sarala. She 

had motivated her members to trade in mulberry and also developed a network of women from 

other villages to whom she can reach out for sourcing biomass.  

 

Lakshmi Timber Mills (Mr. Haridas) 

Mr. Haridas, is the proprietor of Lakshmi Timber Mills, a local firewood supply depot in Siddlaghatta 

town. He was keen to diversify into mulberry trade, was ideally located in the heart of the town. He 

had a good area for stock piling biomass, the required connected load of electricity for installing 

shredding equipment, ability to sell size reduced mulberry twigs and having a vehicle and human 

resource for machine operation and material movement.  

 

FPO 

Sidlagatta Sericulture Farmers Producer company 

(FPO) is a recent organization in Siddlaghatta (formed 

in March 2017). It has about 1200 members all of 

whom are sericulturists and mulberry farmers.   They 

are currently engaged in bulk purchase of materials 

required by the farmers and its re-sale to members. 

They are also interested in mulberry biomass trade.  

 

 

 

 

 

 

Mr. Ameer Pasha 

Ameer Pasha has a bicycle and agricultural implements repair shop on the main road in Siddlaghatta. 

He supported the project first by offering to stock Agni Sakhi stoves and also as a dealer displaying 

and selling stoves.  
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Mr. Mariappa 

Mariappa is a stove dealer. He showed interest in stove sales in his village. He is a local trader and 

was also an agent for a financial services company.  

 

Mr. Salman 

Salman is an ITI trained electrician. He is paid by the project to support in conducting vehicle 

campaigns, in material movement, installation and trouble shooting.  Table 8.1 below captures the 

relationships with different partners. 

 

Table 8.1 Operationalizing partnerships and linkages 

S.No Partner and 

nature of 

engagement 

Support provided by 

TIDE 

Services / 

facilities 

delivered by 

partner 

Training / 

provided by 

TIDE 

1 Community based 

organization self 

help groups of 

women for (i) 

awareness 

creation, (ii) for 

local networking & 

informal 

experience sharing 

about stove usage 

Bringing the self help 

groups and other 

enterprising women 

together with 

sustainable cooking as 

the agenda 

Awareness 

meetings in 12 

villages 

 

 

 

Training in 

conducting 

awareness 

meetings and in 

data collection  

 

Developing the 

communication 

material and financial 

support for conducting 

awareness meetings 

Offered valuable 

feedback on local 

cooking practices, 

messaging in 

awareness 

meetings and 

good word of 

mouth publicity 

Exposure to 

engaging with 

FPO and other 

local networks 

 

Financial assistance to 

member(s) of self help 

groups working for the 

project 

Support in data 

collection from 

Agni Sakhi users  

Trouble 

shooting 

training 

2 Community based 

organizations – 

farmer network or 

FPO:  

Technical and financial 

support for estimation 

of true surplus of 

mulberry waste and its 

bulk density. 

Introduction  to 

their membership 

of 1200 mulberry 

farmers  

Information 

sharing on farm 

equipment 

 

 

Technical support for 

identification of farm 

equipment for 

harvesting of mulberry 

stems  

To promote and 

sell Agni Sakhi 

stoves among its 

members. 

 

Sensitization 

about TIDE s 

commitment to 

the needy  
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Networking assistance 

between farmers and 

the fuel aggregator 

To sensitize the 

TIDE team to the 

issues of 

mulberry farmers 

and support TIDE 

in planning and 

implementation  

Briefing farmers 

about biomass 

trade, potential 

for addition, 

environmental 

impact of 

biomass trade 

Introducing buyers of 

mulberry agro residue 

to the FPO and 

farmers 

To participate in 

discussions with 

fuel aggregator 

and other 

potential buyers 

of surplus 

biomass. 

Enabling 

farmers to take 

informed 

decisions about 

the selling price 

of agro residue. 

 

Carrying out vehicle 

campaigns with 

participation of FPO to 

stimulate stove sales 

and sales incentive to 

the FPO  

3 Other local 

institutions for 

goodwill, product 

and project 

endorsement, 

warehousing, 

support with sales, 

consumer 

relations 

Hiring of the premises 

of a progressive 

farmer for stocking 

the stoves 

A progressive 

farmer offered 

his idle premises 

for stocking the 

stoves.  

Frequent 

meetings to 

maintain stable 

healthy 

relationships 

Support in 

reaching out to 

the community 

and promoting 

the stove through 

good word of 

mouth publicity 

Frequent 

consultations 

about user 

feedback, 

monetizing 

agro residues 

etc 

Support in 

surveys and focus 

group discussions 

4 Fuel traders and 

aggregators for (i) 

fuel aggregation 

from farmers, (ii) 

size reduction of 

fuel and (iii) fuel 

sale as required 

Technical and financial 

support for purchase 

of a suitable shredder 

for shredding 

mulberry residues and 

generating samples for 

market development.  

Offering 

innovative 

biomass 

shredding 

services for 

mulching, 

composting 

Training of the 

staff of the 

aggregator in 

operating the 

shredder 

Support in installation 

of the shredder 

 

Blending oversize 

shreds with fines 

from the regular 

business and 

supply to 
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briquetting units 

Meetings between the 

aggregator and the 

FPO 

Techno economic 

assessments and 

identifying 

viability gaps 

based on ground 

realities 

Introducing new 

buyers of shredded 

biomass to the 

aggregator 

5 Village level 

dealers for 

awareness 

creation, 

commission based 

sale of stoves 

Sales support through 

vehicle campaign 

 

 

Sale of stoves 

with an attractive 

incentive 

 

Training in 

conducting 

awareness 

campaigns 

Independently 

creating 

awareness in the 

villages of his 

influence 

Training in 

stove operation 

and fuel 

preparation  

 

Potential for growth of 

business   

Stocking stoves 

 

First level of 

servicing / 

problem 

identification 

User feedback 

6 Campaigner for 

market based 

sales  

Hiring of vehicles and 

payment for services 

rendered 

Support 

withequipment 

and permissions 

for conducting 

the campaigns  

Developing the 

route map for 

the vehicle 

campaigns 

7 Local technician / 

service centre for 

(i) first ignition (ii) 

trouble shooting 

(iii) as a 

confidence 

building measure 

Financial 

compensation for 

services rendered and 

guidance and 

supervision  

Support in 

material 

movement, 

promotion, stove 

installation, post 

installation 

support and 

consumer 

feedback 

Training in 

stove firing and 

installation, 

carrying out 

stove demos in 

vehicle 

campaigns and 

meetings 

 

As the duration of the project was just one year, all these partnerships were developed in a short 

time period. The project team found maintaining the relationships quite challenging but was able to 

resolve most of the issues tactfully. Partnerships were categorized as: 
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 Partnerships for a limited, time bound intervention without much investment from the project 

team 

 Partnerships without a commercial angle requiring capacity building investment by the project.  

 Partnerships with a commercial angle:  

 Long term relationships based on trust 
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Chapter 9: 

Stove dissemination and sales 

 

The awareness carried out by the project with support from the community (self help groups) 

resulted in high awareness about the stove attributes and the possibility of monetization of the 

surplus mulberry. However, the awareness by SHGs was not resulting in sale. Some of the reasons 

for the same were: 

 Recent LPG penetration and the panchayat advocating the Ujjwala scheme 

 Confused or mixed messaging in awareness meetings:they had earlier communicated stove 

sales through fuel sale and were now talking about a discounted price for the stove   

 Discord among the women self help group members and their unwillingness to reach out a 

diverse section of the local population 

 Stove demos were initially not done in awareness meetings; Users saw a very different 

looking stove and were not convinced about its utility when seeing videos on smart phones 

 Gender issues – women self help groups targeting other women and not men who took 

purchase decisions 

 

Even though the early awareness raising did not result in the desired sales, it provided very valuable 

insights into what needed to be done to stimulate sales. But briefly the course correction carried out 

by the project was: 

 

 Reducing the MRP of the stove to Rs 1000 (for the consumer with an attractive incentive of Rs 

500 to the FPO or any other local interested dealer during the project period and for stove 

launch. 

 Withdrawing the option of in kind payment through mulberry sticks. 

 Induction into the project team of a technician and a community mobilizer. They were trained in 

awareness creation, stove ignition, installation and qualitative data collection.  

 Induction of two dealers who would follow up on the sales pitches 

 Expanding the project area to more villages  

 

As the course correction decisions were being taken, the project team was fortunate to forge an 

alliance with the Siddlaghatta Sericulture Farmers Producer Company (FPO). They were keen to 

trade in both the stoves and the agro residues. In the initial period about 100 stoves sold quickly 

through the FPO in 2-3 months.  

 

But most stoves sold by the FPO were to rich mulberry farmers who cooked on LPG at home. They 

had purchased the stove for other uses like bath water heating, cooking non veg food outside the 

kitchen, cooking for farm labour and for fodder preparation. Variety in use of the stove was a very 

valuable and positive feedback. It implied that the stoves were useful and accepted by both rich and 

poor households and for multiple uses.  
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But the Agni Sakhi stove was primarily designed to offer a superior cooking experience to 

households that could not afford the high recurring cost of LPG or other prepared fuels. This 

segment was not being reached through the FPO. TIDE carried out vehicle campaigns with support 

from Mr. Somu, an experienced local campaigner, to reach the needier segment of the local 

population. As the vehicle campaigns reached 25 

villages ,and with support of two dealers (Ameer 

Pasha and Mariappa) , TIDE could sell about 70 

stoves to this needy segment.  

 

Figs 9.1 and 9.2: Men at a stove demo meeting. 

 

 

 

Through actual demonstrations, a very positive first impression about the stove was formed in 

people s minds. The quality and speed of the flame caught the people s attention and they believed 

that the performance of the stove was on par with LPG. Men, women, young and old gathered 

around the demo site carefully inspecting the stove and asking questions. Men were asking 

questions about the technology and women about the stove operation, servicing and cost. Many 

interested women, could not buy the stove without the consent from the male members. Men, 

more than women were keen on buying the stove. They controlled the household finances and felt 

the pinch of recurring payment for LPG. In the market place, women were seen rejecting every 

cooking option that required them to move away from LPG.  

 

The vehicle campaigns for stove sales 

 

 

The vehicle campaigns were carried out using 

Mr. Somu, the local, professional and 

experienced campaigner. An autorickshaw that 

displayed Agni Sakhi posters and fitted with a 

sound systemthat played the recorded message 

in Kannada was used. The message highlighting 

the features of the Agni Sakhi cookstove was 

interspersed Kannada film songs to catch the 

attention of the people. The dealers also 

participated in the campaign to close the sales.  

Pamphlets were also distributed. The vehicle 

also carried a demo stove, two fully charged 

batteries, vessels of different size and shapes, 

one adapter, sized dry, locally available agro 

residues as fuel, some kerosene, a match box 

and a tool kit.  

 

A prominent place in the village for the demo 

was identified and people were invited to 

collect by the vehicle making rounds of the 

village a few times.  The stove was 

demonstrated by boiling water in both the pans. 

TIDE s field coordinators collected information 

from the people gathered, helped dealers in 

closing sales and also answered questions about 

the stove 
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Fig 9.3 Installation support in household build user 

confidence  

Stoves were installed in households 

immediately after purchase. The campaigner 

would announce that the stove was being 

installed in a particular household and more 

villagers gathered there to see the installation 

and training in stove use. This resulted in more 

sales with families calling up even after 2 – 7 

days after the stove demo. During stove 

installation and training women prepared tea, 

coffee and boiled milk or cooked rice and 

sambar to get their doubts cleared. A vibrant 

discussion followed. These shared cooking 

experiences caught the people s attention 

more effectively than just water boiling. 

 

With good response to the stove from Sadahalli and surrounding villages, a local trader Mr. 

Mariappa expressed interest in selling stoves for a commission. The cluster of villages now has about 

30 users of the Agni Sakhi stove. Agni Sakhi stoves are now in use in 55 villages. 

 

 The same is depicted pictorially in the map below: 

 

Fig 9.4: Google map villages with a presence of Agni Sakhi users in Chikkaballapur district of 

Karnataka 

 

 

 

Table 9.1 below shows the distribution of sales by the different sales channels 

 

 



 

Page - 61 - of 78 

 

 

Table 9.1 Performance of channels for sale of Agni Sakhi stoves 

Sl. No. Sale through AGNI SAKHI Stoves 

sold 

1 FPO 118 

2 KGN Cycle shop (Ameer 

Pasha) 

50-10 

3 Mr. Mariappa 14+10 

4 TIDE 15 

5. Nagesh 3 

Total 

stoves 

 200 

 

The three sales channels that emerged had different strengths and adopted different styles for sale 

of stoves. A description of the sales strategies adopted, the strengths and weaknesses of each sales 

channel is captured in Table 9.2 below: 

 

Table 9.2: Sales strategies of different sales agencies pl. add points to this table. 

Feature FPO Ameer Pasha 

(Salman) 

Mariappa 

Description A farmer producer 

company incorporated 

in March 2017 in 

Siddlaghatta with 

1200 members 

(mostly rich land 

owning farmers) 

Local bicycle and 

agricultural 

equipment repair 

shop on the main road 

in Siddlaghatta town 

Formerly a salesman 

for Bajaj Finance and 

now an independent 

trader 

Strength A reputed 

organization in the 

district, very well 

networked with 

farmers with good 

knowledge of the 

region 

Provision for 

prominent display of 

stove on main road. 

Has a godown where 

he can stock stoves  

High credibility as a 

trader in the villages 

 

 

 

 

Most opinion builders 

in the community are 

members; can trigger 

initial sales through 

good word of mouth 

publicity 

His son Salman is a 

trained technician for 

Agni Sakhi stoves and 

can guarantee post 

sales service 

Is an Agni Sakhi stove 

user himself and can 

talk convincingly 

about the stove 

Members are pioneers 

with relatively high 

risk taking ability. 

Would like to evolve 

as a repair cum 

service centre for all 

appliances. 

Has networks and 

contacts to reach 

many and remote 

villages with the stove 
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Weakness  Primary interest level 

of their members is 

farming and 

sericulture and so 

cannot sustain stove 

sales beyond the 

trigger 

Will not combine sales 

and awareness raising.  

 

 

No formal retail outlet 

 

 

Cannot reach out to 

the poor, landless and 

marginal farmers 

Would need to be 

supported by an 

awareness raising 

agency 

 

Would have to work 

with Salman for 

servicing related 

issues 

Style of sales The pioneer; can 

introduce a new 

product through 

effective word out 

mouth publicity 

Capitalize on 

awareness created by 

the project 

 

 

Has risked his 

personal reputation to 

recommend Agni 

Sakhi stoves  

Targeted stove demos 

to the FPO members 

by TIDE  

 

Will respond 

convincingly and 

aggressively to 

inquiries for stove 

purchase from people 

who call him or come 

to his shop 

 

Would not require any 

awareness raising 

support beyond initial 

market penetration 

 

Can influence change 

in the community 

Penetrate into smaller 

villages which are 

difficult to reach. 

Support from TIDE Awareness raising and 

commission on sales 

Awareness raising and 

commission on sales 

Awareness raising and 

commission on sales 

Other TIDE can capitalize on 

the local knowledge of 

the FPO and its 

members 

People have been 

walking into his tiny 

store asking for Agni 

Sakhi stoves. First sign 

of a pull  for stoves 

His interest level 

shows the way for 

more sales through 

local champions 

 User response some common responses and some box items 3-4 

 

Learning on stimulating sales from the mobile stove campaign 

 The messaging evolved after consultation with women self help groups (no recurring cost of 

fuel, fuel security – available all around you, LPG quality flame and speed of cooking) was 

appropriate for all user segments and appealed to the community.  

 Households that have availed free LPG connection under the Ujjwala scheme continue to 

use traditional wood-fired stoves for cooking because of high cost of LPG and no easy access 

to its distribution. If Agni Sakhi can be made affordable, it would feature prominently into 

the household energy stack.  

 It is important to attract both men and women from a household to a stove demonstration 

for easy and quick purchase decision making 
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 Many households with large family size and employing farm labour continue to use the 

traditional stove for cooking because of the ceiling on the number of LPG cylinders per 

consumer number. Thus, Agni Sakhi would be sought after as a second stove in households 

with large family size.  

 Stove demonstrations are the most effective method for convincing rural communities to 

shift to Agni Sakhi stove.  The stove demos should preferably be done with all locally 

available fuels to also demonstrate fuel security and versatility of the stove.  

 It is advisable to maintain a list of names and contact details of the visitors in the vehicle 

campaigns for follow up actions. 

 Mobile stove campaigns in the weekly marketgive exposure to interact with people from 

various villages.  
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Chapter 10 

 

Monitoring stove usage patterns 
 

The project encountered many challenges and had to evolve course correction not only to deliver 

the project activities but also as to provide learning to all for solving problems that would be 

encountered in a larger advanced cookstove dissemination programme. As a lot of time was spent 

on course corrections, the project had only limited time to monitor stove usage to the extent that it 

would have liked to. But the same would be an ongoing process and more information would be 

reported beyond the project period and in updated versions of this report every year.  

 

Some of the parameters that were tracked either qualitatively or quantitatively are listed below. 

Chapter 8 discussed the partnerships and linkages forged, Chapter 9 presented (i) location and 

profile of users and (ii) performance and reach of sales channels. User concerns and queries have 

been documented in the appendix. Complaints and servicing needs have also been tracked. Most of 

the complaints (about 8-10) arose because users were making mistakes during stove ignition and 

required re-training. There was complaint about malfunction of the power unit and one related to 

corrosion of the air tubes again due to operational issues. The stove was very different from what 

any user had seen before and so every user had to be individually and collectively trained. This 

chapter presents data and analysis on:  

 Monitoring user acceptance of stoves and preferred usage patterns in relation to stove 

stacking with LPG and traditional stoves 

 Baseline data on use traditional stoves and LPG stoves 

 Saving in fuel, time and cost saving when shifting to Agni Sakhi stove from traditional or LPG 

stoves 

 Estimation of fuel saving through shift to Agni Sakhi stove during the project period and 

annually and for different end uses for which the stove was deployed.  

 Measurement of emission of PM10 and PM2.5 from one field location 

 User feedback on stoves  

 Capacity building in the community for dissemination of stoves and biomass conservation 

 Shifts and transitions observed 

 

The project team has been able to have detailed interactions on stove usage with only 79 out of the 

200 users. Efforts were made to reach out to every one but often women were away at work or did 

not have access to the mobile phone number provided. The numbers evolved for fuel and cost 

saving have been extrapolated from the 79 user survey to 200 actual users. Less than 10% of the 

people who bought that the stove said that they were currently not using the stove for different 

reasons but not because of stove rejection or poor performance. 

 

Usage Pattern of Agni Sakhi Cookstove 

Fig 10.1 shows the usage pattern of the Agni Sakhi stoves. While the stoves were designed for 

household cooking, the usage pattern shows great variety in usage of the stove. Table 10.1 gives the 

actual and the extrapolated data for the same. 
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Fig 10.1: Usage pattern of Agni Sakhi stoves 

 

 

Sl. No. Usage pattern of Agni Sakhi cookstove  

1 Shift from Traditional cookstove to Agni Sakhi stove for cooking 94 

2 Shift from LPG to Agni Sakhi cookstove for cooking 25 

3 Shift from three stone fire to Agni Sakhi cookstove for non-veg cooking 28 

4 Shift from three stone fire to Agni Sakhi cookstove for bath water heating 79 

 

Table 10.1 Usage patterns of Agni Sakhi stoves showing versatility in usage patterns 

 

Sl. No Use of ASC Total no. of users % of users Out of 200 users 

1 Complete food only 23 29.11 58 

2 Bath water heating only 15 18.99 38 

3 Non-veg dishes only 8 10.13 20 

4 Tea, Coffee, Rice only 7 8.86 18 

5 Tea, Coffee only 1 1.27 3 

6 Main cooking + Bath water heating 14 17.72 35 

7 Non-veg dishes + Bath water heating 3 3.80 8 

8 Tea, Coffee, Rice + Bath water heating 2 2.53 5 

9 Agni Sakhi stove not in use 6 7.59 15 

  Total 79 100.00 200 
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Baseline data on fuel consumption for cooking using traditional stoves  

 

Siddlaghatta taluk has pockets of relatively rich and poor farmers. The sericulture farmers were 

relatively rich and lived in homes with an RCC roof. 

All homes had a dedicated kitchen with adequate 

ventilation and a traditional stove. The traditional 

stoves in the region were half way improved. They 

were two pan stoves with a chimney pipe and a 

single fuel feeding port. In addition, most kitchens 

had a smoke vent below which the traditional 

stove was place. By measuring the fuel burning 

rate and the time taken for cooking and a visual 

inspection of the weight of cooked food, the 

experienced assessment was that the stove 

efficiency would be around 20%. Data collected on 

cooking on a traditional stove is reproduced 

below 

Table 10.2: Fuel consumption using a traditional cookstove for cooking in a rural home 

 

 

 

 

 

 

 

 

 

 

 

 

 

Number of family members 7 

Fuel type Local agro residue 

Fuel burning rate in traditional cookstove 1.24 kgs / hr 

Time taken for cooking lunch 82 mins 

Time taken to cook rice 37 mins 

Wt. of cooked rice 1.35 kg 

Fuel required to cook rice 0.77 

Specific fuel consumption ((wt. of fuel to cook 1 kg of cooked 

rice) 

0.57 

Cost of cooking 0 (using agro residue from own 

field 
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Baseline data on fuel consumption for cooking using an Agni Sakhi stove 

 

The same cook also cooked the same meal using the Agni Sakhi stove and the data is presented in 

Table 10.3 below: 

 

Table 10.3: Fuel consumption using an Agni Sakhi stove by the same user cooking the same meal  

 

Number of family members 7 

Fuel type Local agro residue 

Fuel burning rate in Agni Sakhi stove 1.16 kg / hr 

Time taken to cook rice 29 mins 

Wt. of cooked rice 1.56 kgs 

Fuel required to cook rice 0.57 kgs 

Specific fuel consumption ((wt. of fuel to cook 1 kg of cooked 

rice) 

0.36 

Cost of cooking 0 (using agro residue from own 

field 

 

 

Baseline data on fuel consumption and cost using LPG for cooking 

 

Baseline data on LPG usage was also collected 

from 6 households that had completely and 

permanently shifted to LPG for cooking. 

Expectedly LPG usage was a function of the 

family size. The data showed that an average 7 

member family required 0.48 kgs of LPG every 

day for cooking their daily meal.  

 

Estimation of fuel and cost saved when cooking 

on an Agni Sakhi stove is given in Table 10.3 

below: 

 

 

 

Table 10.4 Fuel and cost saving when shifting from a traditional stove to Agni Sakhi 

 

Traditional stove usage 

 

Fuel consumed for cooking with the traditional stove 4.2 kg / day (stove ignited 3 times every day for 

preparing tea / coffee / breakfast, lunch and dinner 

Average cooking time – breakfast 60 mins, Lunch 80 mins and dinner 60 min 

Average burning rate of traditional stove is 1.24 kg / hr 
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 Traditional 

stove  

Fuel saved by shift from 

traditional to Agni Sakhi 

for cooking  

Cost saved by shift 

from LPG stove to Agni 

Sakhi for cooking  

Time taken for cooking (mins) 200 157  

Stove burning rate kg / hr 1.24 1.16   

Av. Fuel consumption kg / day 4.2 2.98 0.48 

Fuel saved / day (kgs)  1.22  

No. of days of stove usage / 

year 

350 350 350 

Days of usage in project period  90  

Fuel saving / stove in project 

period (kgs) 

 110 43.2 

Fuel saving / stove /year (kg)  426  

No. of stoves used for cooking  94  

Total fuel saved by all stoves in 

project period (kgs) 

 10,296  

Total fuel saving estimated by 

all stoves installed /yr 

 40,039  

No. of households who have 

shifted from LPG to Agni Sakhi 

for cooking 

  53 

Cost of fuel (subsidized) / kg Rs   34.3 

Fuel consumed /household / yr 

(rs) 

- - 168 

Cost saved/ household /yr   5762 

Cumulative cost saved by all 

households in the project 

period 

  78,533 

Cumulative cost saved by all 

households shifting to Agni 

Sakhi stove annually 

  3,05,386 

 

Table 10.5: Fuel saved when shifting from a traditional stove to Agni Sakhi for bath water heating 

 Traditional 

stove  

Fuel saved by shift to Agni Sakhi for 

bath water heating 

Water boiling eff % 15 38 

Wt. of water to be heated to 80 deg 

(kgs) 

20 20 

Fuel required (kgs) 2.1 0.80 

Fuel saved / day (kgs)  1.3 

Days of usage in project period  100 

No. of days of stove usage / year 350 350 

Fuel saving / stove in project period  130 
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(kgs) 

Fuel saving / stove /year (kg)  455 

No. of stoves used for bath water 

heating 

 79 

Total fuel saved by all stoves in project 

period (kgs) 

 10,270 

Estimated total fuel saved by all stoves 

installed /year 

 59,150 

 

Table 10.6: Fuel saved when shifting from a traditional stove to Agni Sakhi for non veg cooking 

 

 Traditional 

stove  

Fuel saved by shift from traditional 

to Agni Sakhi for non veg cooking  

Time taken for cooking (mins) 70 40 

Stove burning rate kg / hr 1.24 1.16  

Av. Fuel consumption per cooking 

session (Kg) 

1.47 0.76 

Fuel saved / cooking session (kgs)  0.71 

Cooking sessions in project period 40 40 

Cooking sessions / year  100 100 

Fuel saving / stove in project period 

(kgs) 

 28 

Fuel saving / stove /year (kg)  71 

No. of households using Agni Sakhi 

for non veg cooking 

28 28 

Total fuel saved by all stoves in 

project period (kgs) 

 784 

Total fuel saved by all stoves 

installed /yr 

 1988 

 

Table 10.7: Cost saved when shifting from LPG to Agni Sakhi for tea / coffee / rice cooking 

 

 Fuel and cost saved by shift from LPG 

to Agni Sakhi for cooking  

Time taken for cooking (mins) 50 

Stove burning rate kg / hr 0.2 

LPG used / day (kgs) 0.167 

Days of usage in project period 90 

No. of days of stove usage / year 350 

LPG used / stove in project period (kgs) 15. 

LPG used / stove /year (kg) 58.45 

Cost saving / stove / year (Rs) 2004 

No. of stoves used for cooking 25 
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Total wt. of LPG used by all stoves in project period 

(kgs) 

375 

Total wt. of LPG used by all stoves installed /yr kg 1461 

Cost of fuel (subsidized) / kg (Rs) 34.3 

Cost saved during project period (Rs) 12862 

Cost saved /yr (Rs) 50,112 

 

 

Table 10.8 is a summary of the above tables that captures the fuel and cost saving enabled by the 

project, per stove, during the project period and annually.  

 

Table 10.8: Summary of fuel saving through shift from traditional to Agni Sakhi for different 

household needs 

 

Usage Fuel saved / year / 

stove (kgs) 

No. of 

stoves 

Fuel saved in project 

period (kgs) 

Fuel saved per year of 

stove use (kgs) 

Complete 

meal 

426 94 10,296 40,039 

Bath water 

heating 

455 79 10,270 59,150 

Non veg 

cooking 

71 28 784 1,988 

Total    21,350 101,177 

 

Table 10. 9: Summary of cost saving through shift from LPG to Agni Sakhi for different household 

needs 

 

Usage Cost saved / stove 

/ year (kgs) 

No. of 

stoves 

Fuel saved in project 

period (kgs) 

Fuel saved per year of 

stove use (kgs) 

Complete 

meal 

5762 53 78,533 3,05,386 

Tea / Coffee / 

rice 

2004 25 12,862 50,112 

Total    21,350 101,177 

 

Measurement of emission of PM10 and PM2.5 from one field location 

 

Data was collected on emission of PM10 and PM2.5 from one field location on two consecutive days. 

This would be an ongoing exercise for TIDE.  The equipment that was used to measure the emissions 

was Air Veda Model No 2510.  The air monitor was placed directly above the fuel feeding hopper at 

a height of about 40 cms as it was expected that the emissions would be the highest at the point. 

The sampling was done at intervals of 1 minute.  Many more such field level readings would be 

taken. The carbon monoxide could not be measured because of some technical issue with the 

instrument. The same would also be monitored later.  
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It can be seen that the PM 10 and PM 2.5 are high initially and at about 28-30 mins after ignition. 

The primary reason for this is that users are not using fuel size reduced to about 50 mm in spite of 

continuous persuasion. The time taken for ignition is also higher than that in the laboratory trials 

because women would rather ignite the stove with paper or other biomass trash instead of a few 

drops of kerosene as recommended. The peak at the 28
th

 minute is observed because after ignition, 

the fuel was not pushed for some time. Because of this, the fuel in the hopper started burning. 

When the fuel was pushed into the combustion chamber, the emissions reduced immediately. 

 

 

Fig 10.4: PM10 and 2.5 data in the kitchen with Agni Sakhi stove in operation* 

 

 

*ambient PM 10 level on 92 µg / m
3
micro have been deducted from the data presented.  

 

 

User feedback on stoves  

 

The user feedback from the stoves has been consistently positive. They say they like the stove 

because it offers: 

 Reduction in cooking time of 40 mins / day which is a significant time saving for them. 

 A high temperature and high velocity flame which gives a similar experience to that of 

cooking on LPG. 

 LPG quality cooking experience without the high recurring cost of fuel. 

 Two pan cooking similar to their traditional stove. This reduces cooking time.  

 Flexibility to use the stove as a single pan or a two pan stove. This requirement was not 

anticipated but most households are now using Agni Sakhi for heating bath water on a vessel 

with a diameter of 40 -50 cms depending on family size.  

 The fuel saving was apparent to them but as the region has abundant agro residue all 

around them, fuel saving was not such a priority with the women.  

 User response from men was very positive. They were happy that they did not have to pay 

for the recurring cost of fuel.  
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 The highest acceptance for the stove was coming from users who had recently migrated to 

LPG (about 6 months to one year). They had availed of the free LPG connection but 

discovered that they had not planned for anticipated the high cost of cooking with LPG.  

 

The consistently high usage of the Agni Sakhi stove for the three months that we were tracking 

usage has been very encouraging. The high acceptance is extremely visible when households are 

adopting the stove for non family cooking needs like bath water heating, cooking for farm labour etc. 

Some problems however do remain, especially size reduction of fuel prior to usage. The temptation 

to use larger pieces of fuel is extremely high.  

 

Efforts have been made to help in size reduction by placing electric fuel cutters in two villages. 

Women were also trained in using the same. But they said that they would rather cut manually as 

the twigs that they use are just 10 mm in diameter. Discussions were held with women about paid 

cutting services but the facility was considered not necessary. But the fuel cutting is not happening 

and that is a matter of concern which needs to be addressed.  

 

Capacity building in the community for dissemination of stoves and biomass conservation 

 

Working intensely with the community has been a very rewarding and a learning experience. The 

stove was being disseminated at a time when the environment was very much in favour of LPG and 

most women aspired for the same. However, their participation in the project and involvement with 

the stove dissemination has been very high. A lot of constructive feedback was received from them. 

This has been possible because the cost of the stove was reduced to Rs 1000 and most households 

(both men and women) considered this to be a very good deal.  

The project had a disappointing experience with its very innovative concept of payment for the stove 

through saved biomass. The message that agro residue is also a resource than can be sold and will 

get them some cash took a long time to be understood. But it was also abundantly clear, early in the 

project that agro residues were a farm produce and not the domain of women. Very few women 

owned land and even if then they were not involved in farm level decision making. The farmers had 

understood that agro residue was a tradeable resource and were waiting and watching to see if the 

agro residue buyers that TIDE was bringing into the region would transform into trade. The recent 

agreement between the FPO and a fuel pelleting manufacturer is a good development and the 

subsequent efforts in the region can build on this.  

 

A lot of women carried out awareness about the stove attributes. Many more participated in 

meetings and asked intelligent questions. Their ability to relate to an innovative product and accept 

the same for different uses has been a major boost to TIDE s somewhat daring initiative. The project 

has thus established the willingness to use . There have been instances when people have walked 

into the shop of a local dealer and asked for the stove – a rare event in cookstove sales.  

 

The project could not explore the problem of making the stove affordable through financing 

innovations. But the experience has shown the way for reducing the cost of the next batch of stoves 

by working with a different material. But we now have a ballpark number at which there would be 

willingness to buy. The next efforts must focus on innovations in manufacturing and financing.  
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Undoubtedly, the greatest beneficiary of the capacity building has been TIDE. This was TIDE s first 

experience with a forced draft stove and it was believed that user acceptance of a forced draft stove 

would always be a challenge. TIDE could get an intimate insight into the decision making process of 

the different user segments. It is therefore in a position to take the stove to other regions with good 

understanding of the messaging, the different methods of community engagement, the correct 

stove pricing, the design modifications for version 2 of the stove many more such learning.  

 

The most positive message from this experience is that the community is looking for a change in 

their cooking behaviour. Community is also not a homogenous entity. People belonging to different 

economic strata take decisions differently but each of them needs a trigger. It was observed that the 

risk taking ability with a new stove (even at a discounted price) was low. But when the rich, LPG 

using landlords started buying the stove for different applications, the economically backward 

people developed confidence. This risk taking behaviour needs to be further understood to create 

triggers for purchase (as the drop in the price of the stove provided). 

 

A cookstove was surely not the product that would alter the existing gender and social dynamics of 

the community. But the experience provided methods of circumventing a social problem and the 

same was also a great learning.  
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Chapter 11 

 

Learning from the experience 

 

The project is extremely relevant and timely. It has explored new innovations in user locations and 

demonstrated that the same are acceptable to users. It provided opportunities for immense learning 

in cookstove technology, cooking practices, awareness creation and cookstove dissemination, 

installation and post installation support for cookstove users, farming practices, agro residues, 

biomass collection and pricing, societal issues & working with the community, making partnerships 

work and for building skills in the community for similar initiatives. This chapter also details the 

course correction that the project had to carry out and implications and learnings from the same. It 

also provided a direction for actions to be taken beyond the project period for replication and 

scaling. The same are elaborated below: 

 

Learning and course correction for Agni Sakhi stoves 

 

The 200 stove experiment was a success with all buyers of the stove using it for different cooking 

and heating needs. This gave good insights into stove stacking, willingness to buy and willingness to 

use, need for reducing the ex-factory price of the stove, extending the life of the stove through 

reduction in use of metal and longer life and regular servicing of the battery box containing 

components like PCB, fan and battery. Recommendations could also be made for making the stove 

user friendly, improving operational convenience and its appeal.  

 

Reviewing manufacturing and component procurement procedures   

 

TIDE and the technology developer, FEAST has already incorporated most of these corrective 

features into the next version of the stove. Some of the design changes to be introduced in the next 

version are: 

 Reducing the content of stainless steel in the stove with a castable refractory as the major 

material of construction. This ver 2 of the Agni Sakhi stove would also be made as a single 

piece improving ease of handling.  

 Other user-friendly features introduced in the ver 2 of the Agni Sakhi stove would be: 

o Increase in the fuel holding capacity of the fuel feeding hopper 

o Ash box operation from the fuel feeding port side and the battery box in front so that 

the stove can be pushed against a wall, saving space in the kitchen.  

o Longer wire for the adapter for charging the battery from the mains 

o Heat resistant paint for the metal parts of the stove 

o Introducing user friendly features in the power unit like fan speed regulation to control 

the fuel burning rate, indicators for battery charging, battery low etc.  

 Redesigning of the pot rests for greater flexibility in use of large and small vessels. This 

facility is unique and cannot be offered by other cook stoves.  

 When the final version of the stove is ready and receives good user response, it is important 

that actions be initiated for national and international certification for the stove.  
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Learning and course correction in awareness creation and cook stove dissemination 

This project had been conceived in the second half of the year 2016. But the project could begin 

awareness creation only by end May 2017.  This had to be further delayed to June 2017 because of 

local issues. By this time, the Ujjwala programme for free LPG connections to BPL households was 

announced. The elected representatives in the local panchayat propagated the LPG Ujjwala scheme 

actively and dissuaded interested women from purchasing the Agni Sakhi stove. These 

circumstances required a course correction and the project team to revise its plans.  

 The project team in TIDE in consultation with the donor, decided to drop the MRP of the 

stove to Rs 1000 (for the consumer) and a price of Rs 500 to the FPO or any other local 

interested dealer 

 The in kind payment through mulberry sticks was withdrawn.  

 Induction of a technician and a community mobilizer into the project team.  

 Working with an FPO initially so that stoves were first sold to richer users who had higher 

risk taking ability and could be positioned as stove champions 

 Invitation to two dealers with diametrically different sales strategies to sell stoves and 

supporting them with vehicle campaigns. Dealers who can also offer servicing support have 

better sales.  

 Vehicle campaigns with good selection of villages and careful route mapping are the most 

effective marketing support for dealers 

 Targeting poor households and standardizing of different sales pitches to appeal to different 

user segments. The most appealing features were no recurring cost of fuel, fuel security – 

available all around you and LPG quality flame and speed of cooking. Different pitches to 

men and to women also.  

 Creating product appeal by a combination of awareness creation and product endorsement 

by local champions and sales driven by enterprise initiatives  

 Stove demos are the most effective communication mechanism to stimulate sales.  

 The user segments showing greatest acceptance of Agni Sakhi stoves were the members of 

the FPO, bigger families and recent adopters of LPG connection but finding the recurring 

payment for fuel unaffordable.  

 

Learning for installation and post installation support for cook-stoves 

 

Some of the early lapses that were corrected were: 

 Offering a warranty of 6 months for the stove and the power unit.  

 Although a local technician was trained to address servicing issues, the terms of payment for 

service delivery were not defined 

 Insistence on proper sales receipts to end users by dealers with serial number of the stove 

for tracking manufacturing and servicing issues 

 User manual to be inserted into the sealed stove box.  

 

Recommended good practices  

 Train every user in stove usage until there are a critical number of stoves in a village with 

opportunity for experience sharing and peer learning.  

 Share stove user training with users through social media.   
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 Sensitize every user on fuel preparation. Going forward include 10-15 kg of sized fuel as a 

free gift with the stove purchase. This would set the bench mark for good stove 

performance.  

 Track every complaint by the user. Equip the local technician was spares especially of the 

power unit and its components.  

 

Cook-stove financing issues identified but not addressed 

Consumer financing options are extremely important for scaling. Regions where the stove has been 

accepted and willing to use  has been established would require consumer financing to transition to 

willing to buy . This vast but unexplored issue must be addressed perhaps through another 

dedicated project in the same project area. 

 

Learning and work to be done in handling, collection and pricing of agro residue 

 Secondary data shows that that the annual generation of agro residues is 145 million tons. 

There is presently no information available on the usage of this agro residue and an 

assessment of the true surplus after its use for meeting local cooking and heating needs.  

 A regularly updated GIS map of agro residues would be very useful. While the starting point 

for the same could be data from the Agriculture departments in the state governments, 

ground truth verification of the secondary data is vital. Further ground truth investigations 

also have to be done to assess the variation in the yield of agro residues for different types 

of crops and as a function of parameters like irrigation, fertilization, rainfall etc.  

 Studies in size reducing and sieving of biomass obtained from different types of agro 

residues, and with different size reduction equipment operating at different capacities 

 Studies on different farm and transportation equipment for arriving at best practices in farm 

level loading / unloading, compaction, shredding, sieving and transportation of agro residues 

 Development of standard operating procedures for procurement of sized agro residues, 

quality assurance parameters and procurement level testing of for the same.  

 Awareness creation by the project has made farmers realize that agro residue is also a 

valuable farm commodity that can be traded. It is important to quickly build on this 

realization and convert into action.  

 Agro residues that get aggregated as a by-product of processing of farm produce – for 

example ground nut shells, rice husk, areca husk gets into the fuel trade easily.  The same is 

not true for residues that have to be collected and managed exclusively for fuel trade. The 

same requires introduction of farm equipment to collect, compact and transport agro 

residues.  

 Trade in high density biomass (like firewood) is relatively easy and well established. Their 

pricing also includes expenses incurred for harvesting, size reduction and transportation. 

However, the same is not the norm for agro residues and the same needs to be initiated.  

 

Societal issues and working with the community 

Social exclusion and gender issues were two community issues that were anticipated but addressing 

them was not in the scope of the project. The project team required skills to circumvent these issues 

to focus on delivering project outcomes and on some occasions, these skills were deficient. Some of 

the issues that proved to be barriers are listed below: 
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Social exclusion issues 

There was a clear divide between the upper and lower caste, between the rich and the poor, the 

landlords and the landless who were working on rich farmer lands. Communication between the 

haves and the have nots and between men and women was difficult. The project conceptualization 

had failed to anticipate this reality to the extent that was experienced. The project had to work with 

the richer landlords for fuel trade and sell the stoves to the poorer households who could not afford 

the recurring cost of LPG. The project had anticipated convergence between the two streams - fuel 

trade and stove sales but the same was just not possible in spite of best efforts but without 

interfering with the social construct.  

 

The FPO membership had a disproportionately high percentage of rich farmers. While this was 

beneficial for fuel aggregation, the stoves sold through FPO were largely sold to rich households 

having LPG. The project had to sensitize the FPO members to also buy stoves for their farm labour. 

But this met only with limited success.  

 

Gender issues  

Gender issues were encountered when the project was trying to implement the payment option for 

the stove by paying in kind (through fuel). Agro residues are a farm produce and outside the domain 

or influence of women even if they own land. Traditionally very few women have decision making 

power regarding sale or disposal of farm produce. Women in land owning households expressed 

their inability to pay in kind through farm produce. The self help groups that came forward to 

associate with the project were all women from relatively rich and upper caste families. The 

awareness programmes carried out by them were directed only at their peers and not at all at men. 

The fact that SHGs were not able to reach out to male family members of women wanting to buy the 

stove inhibited sales. Vehicle campaigns were initiated to correct this anomaly. Hers, there was 

more male participation. Often and after a stove demo, men were keener to buy the stove and were 

persuading the women to cook on the same. This was because the family finances were largely 

controlled by men and through this stove, they could see an opportunity to reduce the monthly fuel 

expenses.  

 

Making partnerships work 

Forging partnerships and sustaining them requires social sensitization and tactfulness. They are 

often driven by inter personal relations. Partnerships with a commercial angle based on mutual gain 

are relatively easy to identify and nurture especially when the trade is flourishing and in good times 

generally. Relationships between manufacturers, sales and servicing networks come under this 

category.  

 

Partnerships without a commercial angle especially for social and environmental impact and without 

regular inflow and outflow of funds are often difficult. The coming together is usually for capacity 

building, collecting data, building tools and sharing a vision of development and social change. The 

elements in such partnerships are usually emotional entities and if relationships are not well 

managed, there could be discord. Making community partnerships work require: 

 Special skills in community mobilization and building robust, enduring relationships through 

constant inter personal contact.  

 Defining and adhering to the terms of engagement  
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 Presence of a strong community leader who connects with the cause  

 A visible impact on quality of life in the short term 

 Understanding good practices in social engagement 

 Transparency and honesty 

 Working without discrimination, anticipating and resolving discord.  

 

What needs to be done beyond the project period? 

Some of the tasks that need to be done beyond the project period would be 

 Certification of the performance of the stove and its position in the IWA tiers.  

 Thinking through the scaling strategy and identifying the most practical cost effective and 

robust dissemination model.  

 Finding ways for reducing the cost of the stove through design changes, innovations in 

manufacturing,  

 Developing enduring partnerships for stove sales and their financing.  

 Developing content for training of users and training of technicians.  

 

The most positive message from this experience is that the community is looking for a change in 

their cooking behaviour. Community is also not a homogenous entity. People belonging to different 

economic strata take decisions differently but each of them needs a trigger. When the rich, LPG 

using landlords started buying the stove for different applications, the economically backward 

people developed confidence. This risk taking behaviour needs to be further understood to create 

triggers for purchase (as the drop in the price of the stove provided). 

 

In conclusion, the work done in the project would contribute to building conviction that with a little 

more additional work to address the identified gaps, very pertinent and path breaking options for 

clean cooking can be created wherever there is generation and availability of agro residues. For this 

it is important that the work carried out be assessed rigorously by a third party and then the verified 

results and outcomes be disseminated widely for larger public good and universal adoption.  
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