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Executive Summary
	


A large percentage of world’s population continues to depend on biomass for their cooking needs. The cooking devices used by majority of them have very poor thermal efficiency and serious health impacts due to unclean combustion. While past few decades have seen a lot of interest the world over in development of better cookstoves for burning biomass, the magnitude of the problem is still a major cause of concern. In India, a lot of resources went into the National Programme on Improved Cookstoves between 1985 and 2004 with mixed experiences. Learning from this programme, a need has been felt to start a new initiative on biomass cookstoves with a different approach considering the changes that have taken place in the society, technology and the global concerns. 
To initiate the process of formulating a new programme, a brainstorming session was held by the government in March 2009 involving various experts from within India and abroad. Subsequently in October 2009, Ministry of New and Renewable Energy (MNRE) awarded a joint project to IIT Delhi and TERI for six months to make suggestions for the broad contours and the action plan for such a programme in consultation with the stoves community across the country and abroad, covering various aspects relevant to biomass cookstoves. 
A team of five investigators undertook the task of carrying out wide consultations to formulate the recommendations presented in this report. The recommendations have been prepared for five different aspects of cookstoves which the new initiative should address. These are (i) An innovation contest for next generation of cookstoves (ii) Technical aspects including R&D and various issues related to testing and standards (iii) Delivery of improved cookstoves (iv) Fuel processing and supply (v) Community stoves. Moreover, to address the need for a different structure of the new programme vis-à-vis NPIC, the project team has also made recommendations for management and implementation strategies for the new initiative. 
The recommendations for each of the components outline the activities that need to be carried out under the new initiative. It is suggested that these activities be carried out in two phases : Phase I comprising of the tasks which need to be started immediately so as to prepare the ground for the long term activities to be undertaken in Phase II. A brief summary of these recommendations is presented here.
Global Contest
1. We suggest an “innovation prize” approach to develop the appropriate technology. We also recommend that this prize be global.
2. A central focus on cleaner AND efficient combustion is required in order to achieve the health and social gains that are the primary motivator for this initiative.
3. Therefore the basic technical performance specifications for the cookstove prize should be based on four key parameters: carbon monoxide (CO), particulate matter (PM), efficiency, and black carbon (BC).
4. We additionally have to consider cost, safety and robustness/durability as additional criteria.
5.  Given the complexities of the prize design process, partnering with the right organization to develop the prize is absolutely critical. This organization must have both expertise in developing such prizes and has a global profile.
Phase I
Activities to be carried out in this phase are
1.  Initiating the process of prize design with a partner.
2. Launching the prize.
3. Evaluation of the entries at the end of the contest period.
Technical Aspects
Any cookstoves initiative would need to address the technical needs of the programme which can be categorized under two broad categories : (a) Research and development (R&D) covering fundamental as well as applied research and development of new products (b) Testing and Standards – addressing the issues related to testing protocols, setting up of testing facilities and development of standards for certification. Specifically the recommendations are summarized as follows :

Phase I :
1. It was recognized that there is a need to carry out modifications in the existing BIS protocol to take into account the requirements of the new designs in the market. It is suggested that interim modifications be made in the protocol on a priority basis  after due consultations among the stoves community and also taking into consideration the international developments in stove testing protocols.  This may be carried out as a short term project coordinated by one institute but with a mandate to involve all the relevant organizations in the process of consultation. During the process, testing facilities can be set up at one of the institutes for experimental trials of the proposed protocol. 
2. It is also suggested that a more rigorous, research oriented approach be adopted to develop protocols which are more suited to the new designs and give greater importance to emissions measurements. It is suggested that this work be taken up as a coordinated project by a group of institutes with technical expertise as well as field experience in testing. The process for award of such a project should be initiated immediately after the interim protocols are in place. 
3. There is also a strong need for developing standards to enable certification. It is recommended to have star-rating for various stoves considering the thermal efficiency as well as emissions. The performance standards corresponding to the star ratings need to be identified as part of the coordinated project for developing protocols as in recommendation 2.  These standards should be linked to health impacts of the cookstove. 
4. Three types of testing centres are recommended to be set up as part of the new initiative: (i) In R&D laboratories for cookstoves which can serve as training centres (ii) Certification facilities run by independent organizations (iii) Field testing facilities with grassroot level NGOs. In the first phase, Expression of Interest (EOIs) can be invited for setting up these centres.  By the time interim protocols are in place, the process of setting up a few centres can be set in motion.
5. In order to do research on the fundamental scientific principles underlying the design and operation of cookstoves, it is recommended that coordinated projects involving research groups across the country should be funded. Some of these groups could graduate into R&D centres for stoves on the basis of their commitment. In the first phase, EOIs followed by open Requests for Proposals (RFPs) can be invited to form consortia to work on different fundamental aspects as identified in the report. It is proposed that all the project proposals be evaluated in a coordinated manner by an advisory body and not viewed as independent proposals as in the routine process of funding by the funding agencies. 
Phase II
6. By the time this phase starts, it is expected that new protocols would have been identified and hence the testing centres initiated in the first phase can get into full operation. R&D centres with testing facilities can start regular training of personnel from the commercial testing centres as well as field testing centres. The certification centres can carry out the testing in accordance with standards with star-ratings. The services of the field testing centres would be required for evaluating the performance of the improved stoves in the field after a pilot programme first and later as part of any full scale dissemination. 
7. After the formation of consortia, the research activities can be funded and would continue into phase II, while giving valuable inputs in the development of new stove designs by the technical community.
8. It is also recognized that there are many stove manufacturers who can develop potentially good stove designs intuitively but they would need technical support to improve upon their designs.  In order to help stove developers in conducting fundamental analysis of the new designs, technical consultancy centres possibly linked to any of the R&D centres could be facilitated to operate in commercial consultancy mode. This aspect is particularly important to address some of the specific regional cooking needs. 
Delivery of Cookstoves
Following are the recommendations for strategies to be adopted for delivery of stoves for programme as a whole.

1. For an improved cookstove initiative to be sustainable, commercialization must be encouraged. Market development is, in turn, integral to promoting commercialization. A widespread awareness campaign that leverages all forms of media on a massive scale, various government channels such as schools and health and social services institutions, village demonstrations, and word-of-mouth advertising among village families and is branded with a recognizable logo and celebrity endorsements would be the best strategy to develop the improved cookstove market. 
2. Before a technology is adopted for wide dissemination, its assessment and certification must be carried out. The certification, which is expected to be based on rigorous lab level tests, could be the basis of technology selection for pilot level programmes. The technology selection for wider dissemination should be based on evaluation of the pilot level programmes. The performance of the technology selected must be above a minimum threshold as decided at the appropriate level.

3. To ensure effectiveness in the initial stages of the program, it should be carried out in the best-prepared regions first. These targeted areas should be selected based on a variety of strengths, including the presence of financial institutions, biomass availability, managerial and technical readiness (determined by past and ongoing successful cookstove dissemination projects), and delivery channels. Maharashtra, Tamil Nadu and Karnataka meet these criteria.
4. In order to reach as many households as effectively and efficiently as possible, an extensive network of various types of dealers must be utilized. This network could include entrepreneurs and shop owners. Rather than solely create new delivery networks, it may be more efficient to take advantage of existing value chains as well. These value chains could be leveraged through collaboration with existing programs such as Project Shakti, e-Choupal, and others, agricultural retail chains such as Hariyali Kisaan Bazaar and Tata Kisan Sansar, and petty shops.
5. From the user’s perspective, financing an improved cookstove is the greatest challenge. There are two options for user subsidies: no direct subsidy or a continually decreasing subsidy. For the equivalent expenditure on the current annual LPG subsidy, cookstoves can be disseminated to every household in rural India under various subsidy schemes. 
6. Those households that cannot afford to purchase a stove, even after subsidies, should be able to receive micro-credit loans. MNRE should establish linkages with institutions that can provide these loans, such as nationalized banks, commercial banks, and microfinance institutions. Additionally, as micro-credit loans often have steep interest rates and many borrowers may not be able to afford the interest, interest payments could be partially or fully subsidized.
7. The financial assistance should be linked with the performance of the technology as well as the affordability level of the user.

8. In order to encourage scaling-up production, MNRE could offer a performance-based advance subsidy or a production tax credit. To receive an advance subsidy payment, a manufacturer must increase production of cookstoves by a certain percentage. Under a production tax credit scheme, for every certain number of stoves produced, a manufacturing company could receive a certain amount of tax credit or choose to take a grant of up to a certain percentage of the manufacturing facility’s property value instead.
9. A revolving fund could finance other dissemination activities, such as awareness raising, education of users, training of retailers, etc. The initial seeding for the revolving fund could be provided by nationalized and commercial banks or MNRE, and various stakeholders, which should be members of the public-private partnership, could take out loans for dissemination activities.
10. The Clean Development Mechanism (CDM) and carbon credits should be considered for funding the initiative. The potential fuelwood and carbon emission savings should qualify MNRE’s cookstove initiative for CDM funding. The money earned from selling Carbon Emissions Reduction certificates could be used to fund any combination of the aforementioned activities or financial incentives. Furthermore, carbon credits would encourage private sector participation. If manufacturers have the rights to the carbon credits, they could use these credits to minimize the retail cost of their stoves. 
It is recommended that the dissemination of cookstoves should be carried out first at the pilot level. Different regions should be selected for pilot programmes experimenting with different delivery models as suggested above.  Based on the outcome of the pilots, the strategies for the full scale dissemination can be identified. Specifically, the following activities need to be carried out in the Pilot phase or phase I.
Phase I
1. Identification of regions suitable for pilot study and conducting baseline surveys for energy consumption with traditional stoves.
2. Selection of stove designs for pilot dissemination in selected regions.
3. Identifying dissemination strategies for different regions, viz., direct or indirect subsidies, modes of creating user awareness and delivery.
4. Establishing linkages with banks and MFIs, establish revolving funds.
5. Identify agency for M&E.
6. Carrying out awareness campaigns and village demonstrations.
7. Distribution of stoves through collaborative supply chains.
8. Monitoring and evaluation of the pilot programmes.
Phase II
9. Devising strategies for large scale dissemination
10. Dissemination on regular basis.
Fuel Processing and Supply 
Following are the recommendations for the new initiative to take care of the crucial aspect of fuel supply.
1. The cookstoves programme must have a dual thrust, on technological improvement in stoves as well as establishment of an assured fuel supply chain. The latter is critical to large-scale dissemination of end-user devices with rural household applications.
2. India has an immense variety of agro-based biomass residues.  Transforming them into processed fuels for use with improved cookstoves is crucial to extracting the best performance – combustion efficiency and reduced emissions – from this initiative. Pelletizing agro-residues will be more suitable than briquetting, whose size and cost constrains its use in household applications.
3. An extensive study on the availability of biomass residues, surveying type, quantity, seasonal variations, costs and suitability for pelletization is required, as existing data is quite old.
4. Focused R&D is required for the development of small-scale biomass pelletizing machines for production of fuel pellets from available agro-residues, suitable for decentralized operation with a capacity of 100-200 kg/h and with low electricity requirement. Besides, standards need to be evolved for such machinery. 
5. Additionally, the research and development of an efficient and improved closed loop decentralized charcoal making unit operating on agricultural residues is proposed.
6. The field deployment and testing of these fuel processing units in varied regions will allow a detailed assessment of their socio-economic performance. Involving the local community in the various operational aspects of the biomass processing unit will integrate and embed this initiative deep into the context of the field area’s energy environment, also offering immense possibilities for fostering women’s participation and entrepreneurship.
Specific activities to be carried out in the two phases are enumerated below:
Phase I
1. Detailed survey of biomass availability, present level utilization, cost etc. for selected regions in the country.
2. Identifying appropriate pelletizing technology available in the country which could be disseminated directly or could be quickly upgraded, field testing of the technology and its upgradation with the help of technical expertise, if required. 
3. Pilot dissemination of these machines along with the pilot dissemination of stoves, as suggested above, to use different local feedstock.
Phase II
4. Facilitating design and development of new pelletizing machines and charcoal systems.
5. Entrepreneur development and setting up commercially viable fuel processing units and supply chain.
6. Field operation, monitoring and upgradation as per requirement.
Management of the Initiative
1. Instituting the activities and programs emerging from the National Biomass Cookstoves Initiative in the public-private partnership (PPP) model at all levels will ensure that participants – government, organizations, industry, academic, and social sector entities – can leverage each other’s expertise and resources.
2. The PPP needs to be established by an initiating agency, comprised of a network of stakeholders and led by a Governing Council. 
3. An administrative support group would be required to conduct administrative tasks to ensure smooth operation of the partnership, and an advisory board would provide guidance to the governing council. 
4. A CEO and project management unit (PMU) would facilitate project implementation. 
5. Subgroups with different areas of expertise would give input to the administrative support group, advisory board, and project management unit.
6. It is suggested that the regional linkages for project implementation be worked out by the project management unit proposed above.
7. Funding is required from various Government ministries and/or industry sources for the Awards Competition, technical (R&D, testing protocols and facilities) and dissemination (training, roll-out/subsidization, electronic, print and contact publicity and programmes) including fuel supply.
8. Monitoring and Evaluation, a central aspect of the initiative, needs to be instrumental at every stage, from the awards contest, R&D and testing, to fuel supply and dissemination.  An independent agency should be identified to carry out M&E, which should occur through micro-monitoring, and especially through field visits and field-level monitoring.
9. Stakeholders in this project are identified as the Government of India, Ministry of New and Renewable Energy, manufacturers, testing agencies, retailers, financial institutions, local NGOs, academic and research groups, and the “stoves community.” – each playing a distinct role which must be clarified right in the beginning.
It is suggested that the project management group be identified at the beginning of the first phase itself to facilitate the execution of various activities in the first phase of other components enumerated above.
Community Stoves
All the recommendations made above had the domestic cookstoves at their focus. However, the importance of community stoves cannot be undermined and as desired by MNRE, separate recommendations have been prepared for dealing with community stoves.  It has been recognized that community stoves also require development of new designs, testing protocols, testing centres, standards and fuel supply like the domestic stoves. While some aspects can be integrated with the activities to be carried out for domestic stoves, it is desirable to have a different approach for pilot studies for various reasons. Due to institutional usage, these stoves can be implemented more easily among at least certain segments of the users. The activities recommended for the two phases are as follows :
Phase I 
1. Identifying different user segments and regions for pilot dissemination along with strategies for pilot dissemination.
2. Selection of field groups/NGOs working in identified regions for implementation of pilot programmes.
3. Selecting an agency for monitoring and evaluation of pilot programmes
4. Collection of baseline data with traditional stoves in the identified sites with the help of field monitoring agency.
5. Facilitating selection of suitable stove designs by implementing agencies.
6. Actual installation of stoves by the manufacturers with the help of implementing agencies.
7. Monitoring and evaluation in the field for at least two months by the monitoring agency.
Phase II
8. Developing suitable protocols and standards for community stoves.
9. Facilitating development of better designs using technical knowhow. 
10. Facilitating potential user-manufacturer interaction to enable commercial mode of operation. 
11. Monitoring and evaluation of the programme by an independent agency.
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Chapter 1 Introduction
1.1 Biomass as an Energy Source
Biomass has been used by mankind for cooking and space heating since time immemorial. While the gaseous fuels like LPG and natural gas have replaced biomass in developed countries and most urban homes in the developing world, half of the world’s population and about 90% of rural households in developing nations continue to depend on coal or biomass like wood, crop residues, cattledung and charcoal for their cooking and heating needs
.  Data from Census, 2001
 indicates more than 72% of all households in India rely on traditional energies for their cooking needs (Figure 1.1). Over 89% of these households are in rural areas
.
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Figure 1.1  Percentage of Indian Households using various sources of household energy (Census 2001)
A major part of the household energy consumption is for cooking.  Traditional cookstoves or chulhas, which have efficiencies less than 10% and are known to be sources of large quantities of pollutants, are used by most rural households in the developing world for cooking.  The large fuel consumption of these chulhas results in a large amount of time spent in collecting fuel by these households.  In such households, women and children are often exposed to high levels of pollutants, for 3 to 7 hours daily over many years
.  There are strong evidences to show the relation between exposure to such emissions and acute respiratory infections in children, with estimated two- to three-fold increase in incidence and mortality due to the exposure to these emissions
.
Recently, there have been reports on the effect of black carbon released due to unclean combustion in cookstoves, on climate change.  Therefore, development and dissemination of cookstoves that lead to reducing fuel consumption, cooking time, and indoor air pollution can effectively contribute to improving the quality of life of rural women and also contribute to climate change mitigation.  
1.2 National Programme on Improved Cookstoves (NPIC)
Since the energy crisis of the 1970s, improvement in biomass burning cookstoves to save fuel was considered as an urgent need and various organizations the world over started working towards the same. Several developing countries started national level initiatives to enable the development and deployment of improved stoves. The need for eliminating smoke from the kitchen also emerged as an additional focus in these programmes.
In India, the then Department of Non-conventional Energy Sources (DNES), which was created in 1982 initiated demonstration of improved cookstoves soon after its inception followed by launching of a  National Programme on Improved Chulhas (NPIC) in 1985–1986. The programme objectives were identified to be (i) fuelwood conservation; (ii) removal/reduction of smoke from kitchens; (iii) reduction of deforestation and environmental degradation; (iv) reduction in the drudgery of tasks performed by women and girl-children and their consequent exposure to health hazards; and (v) employment generation in rural areas
. In 1992, the DNES was upgraded to Ministry of Non-conventional Energy Sources (MNES) and continued to manage this programme. (In 2009, the ministry was renamed as Ministry for New and Renewable Resources (MNRE)).
The NPIC was implemented through involvement of various State Nodal Departments/ Agencies in almost all the States and Union Territories.  Technical and training support to the programme was provided by 22 Technical Back-up Support Units (TBSUs), set up under the NPIC at different universities, IITs and other institutions of the country.  More than 60 fixed and portable models of improved chulhas, with and without chimney, single-pot and multi-pot, suitable for different fuels, cooking habits and local requirements and using different materials of construction were developed and taken up for installation under NPIC
.  Some of the models approved by MNES are listed in Appendix A1. 
The improved chulhas were installed for family, community and industrial applications with the help of state level nodal departments and agencies, through their district and block level cells. At the village level, non-governmental organizations (NGOs) and self-employed workers (SEW) played an important role in the dissemination of improved cookstoves. Annual targets, decided at the national level and then forwarded for implementation at the state level were the main driving force for the programme, supported heavily by subsidy. The cost of chulhas varied in the range of Indian Rs 100-300, 50-75% of which was met by a direct cash subsidy given under the NPIC
. 
A total of 33.8 million improved chulhas were installed by 2004 under this programme with varying degree of success in different regions in the country Some models had better acceptability than others in specific regions. Certain regions showed greater enthusiasm on the part of the users to adopt new designs. For a variety of reasons the programme brought a mixed bag of experiences8,
. The programme was formally declared closed in 2004. 
1.3 Need for a New Initiative
Even though the NPIC was formally closed, the need for improved cookstoves to reach nearly 120 million rural and semi-urban households of India has persisted. The awareness about adverse health impacts due to unclean combustion of biomass has increased with a need to take effective steps to improve indoor air quality in rural households by providing cleaner cooking options. With increasing concerns about climate change and outdoor air quality as well, it is no more considered sufficient to remove the smoke from the kitchen using a chimney. There is a widely felt need for providing biomass burning cookstoves with cleaner combustion at very low level of emissions and at affordable price. 
In the meantime several innovative designs have reached the market with a promise to provide much cleaner combustion and high thermal efficiency
. However, the cost of these stoves is quite high, which is limiting the clientele in the open market. Moreover, some of them use processed fuel, which raises additional requirement of smooth supply of such fuel.  On one hand, it is recognized that high-efficiency clean combustion techniques with sustainable biomass harvesting practices can provide one of the greenest energy technologies. On the other, it is clear that there is a need for high scientific and technical inputs to develop cheaper and clean burning stoves with long life. Many other issues related to dissemination, fuel supply, monitoring and evaluation also need to be addressed with management inputs for effective business plans and sound government policies. What started as a purely engineering approach to improved stoves is now being looked upon as a combination of fundamental science, engineering, production, and marketing that is common to most successful product development cycles. 
In view of the above, MNRE has been exploring the possibilities for launch of a new programme on Improved Biomass Cookstoves that aims to facilitate the development of the next generation of biomass stoves for household and community cooking and their widespread deployment with multiple benefits of health, mitigation of climate change and energy conservation. To consult the community of people working on stoves on this issue, MNRE organised a brain storming session in March, 2009. There was an overwhelming support for a new initiative. Subsequently, the initiative was formally launched by the Honourable Minister for New and Renewable Energy, Dr. Farooq Abdullah on December 2, 2009. The text of the press release on the occasion of the launch is given in Appendix A2.
It was also recognized by the ministry that such an initiative needs thorough planning which includes building on and learning from efforts made in this area in the past, understanding the existing position and assessing the future possibilities, identifying the infrastructure and manpower available and preparing proper strategies and a plan of action. To help in defining the contours of this programme, a project was awarded to IIT Delhi aimed at carrying out the preparatory activities along with TERI, Delhi and in consultation with other members of the stoves community. The details of this project and methodology followed in the same are summarised in the next chapter.
1.4 Organisation of this Report
This report is an outcome of the 6 months project given by MNRE to IIT Delhi. The report consists of three chapters. The next chapter gives the summary of the project proposal and the methodology followed to come up with the recommendations, which are given in chapter 3. This chapter gives the recommendations for different components covering various aspects of a cookstoves programme including proposal for time scheduling of the various tasks. Each chapter is supported by material given in Appendices A-F.
Chapter 2 The Present Project
2.1 Objectives
While the government has already launched the new initiative, the execution of the same requires working out the actual constituents of this initiative and identifying the strategies for effective implementation of the same. It is also desirable that such an action plan is prepared with a very wide consultation of the stoves community. MNRE awarded a project to IIT Delhi, along with TERI, Delhi to carry out the preparatory activities including literature review and wide consultations leading to an action plan for the initiative. The original duration of the project was six months from October 2009 to March 2010 and was later extended till May 31, 2010.
It was recognized at the outset that any such activity must address the following aspects of a stoves programme.
1. Research and development of new designs: Any chulha programme can be successful only if it first targets the development of sound technology suitable for the clientele it proposes to cater to. In the current scenario, despite several decades of work on development of improved chulhas, the scientific knowledge base on design of high performance chulhas is very limited. Thus, the initial brain storming brought out the fact that the new initiative for improved chulhas has to have a two-pronged approach: 
i) To attract new ideas and creative designs by way of having public contests for improved chulhas. 
ii) To support targeted R&D activities, which lead to scientific methodologies for design and testing of high performance chulhas.  
2. Testing protocols and performance standards: Even though there is performance protocols certified by BIS, at the international level, these protocols are still evolving in view of the new designs of stoves. Moreover there is a need for setting standards for performance which have to link to any possible government support to a design.
3. Delivery models: The methodologies adopted for dissemination of stoves plays a very crucial role in the acceptance of the technology.
4. Fuel processing and supply: In view of the new stoves using processed fuel, this area has gained a lot of significance and calls for an in-depth study.
It was also decided that the issues related to community stoves may be addressed separately.  The objectives were then, further reorganised to separate the contest from the other technical aspects, viz. testing and R&D. Broadly the project was aimed at the following:
1. Preparation of various status reports corresponding to the components identified above. 
2. In view of the status reports, preparation of recommendations for implementation covering all aspects of the programme 
3. Conducting a national workshop for getting feedback from the stoves community on the recommendations and finalize the same.
The objectives spelt out in the project proposal are as follows:
Broad Objective: The broad objective is to prepare a firm plan of action for the launch of the New Initiative on promotion of Improved Biomass Cookstoves.
Specific Objectives:
1. Preparation for a Global Cookstove Contest to leverage international technical talent to develop the next-generation of biomass Cookstove technologies (Coordinated by Prof. Ambuj Sagar, IIT Delhi)
2. Assessment of present state of R&D and technical capabilities relevant to cook stoves and preliminary identification of research and infrastructure development activities for the broadening and strengthening of R&D and other technical capacity in the country to engage in research on various aspects of Cookstoves including combustion, materials, emissions, testing, monitoring, standards, and certification of Cookstoves (Coordinated by Dr. Sangeeta Kohli, IIT Delhi)
3. Assessment of existing delivery models of Cookstove dissemination in India so that the deployment strategy for the proposed national programme incorporates best possible technologies and ground realities (Coordinated by Mr. Ibrahim Hafeezur Rehman, TERI New Delhi),.
4. Assessment of biomass processing technologies and identification of existing biomass supply chains for processed fuel (Coordinated by Mr. Sunil Dhingra, TERI New Delhi).
5. Assessment of status and suggestions for future strategy and plan of action for community (larger) sized Cookstoves (Outsourced to M/s Feedback Business Consulting Services Pvt Ltd)
6. Organization of a Joint National Workshop in April, 2010.
Overall there were six work elements, of which the first five were research work elements.  IIT Delhi was coordinating the overall project and was responsible for four work elements (corresponding to objectives 1, 2, 5 and 6). TERI was responsible for two work elements (corresponding to objectives 3 and 4). The fifth research work element on community Cookstoves involved field survey with expert guidance, supervision and consultancy. This work was outsourced to M/s Feedback Business Consulting Services Pvt Ltd. The objective of the survey was to determine the kind of cookstoves and bio-fuels used in various regions of the country for mid-day meals in government run schools. This was to help ascertain the need for intervention in these schools and the impact that introduction of better performance community stoves can have in terms of fuel saving and reduction in emissions. 
2.2 Methodology Followed
This section briefly outlines the methodology followed to arrive at the recommendations given in this report.
2.2.1 The Project Team
Prior to the formulation of the project, MNRE had constituted a core group to identify the immediate action plan subsequent to the brain-storming session. Initially it consisted of only members from Delhi for ease of consultation. This group formulated the project being executed currently and hence finally constituted the project team. Subsequently, the core group was expanded by MNRE to include other groups intensively engaged in stoves-related activities and some manufacturers of stoves and briquettes/briquetting machines. Appendix B1 gives the list of core group members as on March, 2010. 
The project was proposed with Project Investigator (PI) and two other co-investigators from IIT Delhi and two co-investigators from TERI. While the PI was responsible for the overall coordination of the project, the work pertaining to each of the objectives was coordinated by one co-investigator as given in figure 2.1. Each Co-PI, as coordinator of a component identified his/her team. Research staff and consultants were hired, while many others were consulted by the coordinator for discussions regarding their component. Besides, extensive literature survey was carried out, the main findings of which are briefly presented along with recommendations, more details being given in appendices. 
PI and all Co-PIs met on regular basis both at IIT Delhi as well as TERI to discuss the common issues and review the progress of work. Besides, several meetings were held with the Advisor, MNRE and the Secretary, MNRE to seek their advice and guidance. 
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figure 2.1
The members of the working group for each component are as follows:
1. Overall Coordination 
Prof. Rajendra Prasad (PI)

Advisors:


Dr. Rachel George
Dr. Veena Joshi


Dr. S. Khuntia


Prof. S.K. Sharma


Prof. Kirk Smith
Project Staff:


Mr. Rohit Priyadarshi


Mr. Hemant Shrirame


Ms. Shweta Singh


Mr. Bhaskar Kowshik


Mr. Rishabh Rajput
2. Global Contest 
Prof. Ambuj Sagar (Coordinator)
Advisors:
Dr. Veena Joshi 
Prof. Kirk R. Smith 
Prof. Chandra Venkataraman 
3. Technical Aspects
Dr. Sangeeta Kohli (Coordinator)
Prof. Rajendra Prasad
Prof. M.R. Ravi
Prof. Anjan Ray
Dr. Gazala Habib
Dr. Rajesh Prasad
Consultants:
Dr. Karabi Dutta 
Dr. Sameer Maithel 
Advisors
Dr. Veena Joshi 
Prof. V.V.N. Kishore 
Prof. P.J. Paul
Prof. Kirk R. Smith 
Prof. Chandra Venkataraman 
4. Delivery Models
Mr. I. H. Rehman (Coordinator)
Ms. Emily Gorbaty
Advisors:
Dr. Veena Joshi
Contributors:
Philips Team
First Energy Team
Envirofit Team
Dr. Karabi Dutta
Dr. Sameer Maithel
Mr. Vivek Jha
5. Fuel Processing and Supply
Mr Sunil Dhingra (Coordinator)
Advisor:
Prof. V.V.N. Kishore
Project Staff:
Ms. Ruchi Gupta
Er. Paltu Acharjee
Contributors:
Philips Team
First Energy Team
Envirofit Team
Dr. A.K. Kurchania
Abellon Clean Energy Ltd.
Rural Renewable Urja Solutions
Nishant Bioenergy Pvt. Ltd.
Prakti Design, Pondicherry
6. Survey of Mid-day Meal Schools
Committee for award of the contract
Prof. S. V. Veeravalli (Chairman) 
Prof. Ambuj D. Sagar
Dr. Sangeeta Kohli
Prof Rajendra Prasad (Coordinator)

Consultants who were awarded the contract


M/s Feedback Business Consulting Services Pvt Ltd, Bangalore

Advisors:


Ms. Svati Bhogle
While the above list gives the working group including the advisors who gave substantial inputs during the course of the project, the recommendations in chapter 3 are a result of inputs from a much larger community of people starting with those who participated in the brain-storming session in March 2009. Immediately after this brain-storming session organised by MNRE, the Advisor (Biomass), MNRE sought suggestions and comments from all the participants on various issues related to cookstoves. Many of them spent time in putting down their comments, which have been compiled and included in Appendix B2. These comments gave a very useful starting point to the project team.
Once the project was initiated in October 2009, the consultative group was expanded to include many others who were not able to make it to the brain-storming session but have been working passionately in the area and some of those who would like to be a part of this activity in future. Thus, a large number of people have been giving their inputs from time to time in formal as well as informal meetings during the course of this project. Some of the project team members also visited the sites of some manufacturers, which resulted in valuable inputs to this report.
The first draft of recommendations was circulated to the stoves community, followed by a consultative meeting held on March 22-23, 2010. The feedback obtained was incorporated in the final recommendations, which were presented in the National Workshop held at IIT Delhi on May 19, 2010. The present report has taken into consideration the comments received during the national workshop as well. Thus, the present report is an outcome of an open consultative approach with a large number of contributors. Appendix B3 gives the list of various organizations and individuals who have been a part of this network. 
2.2.2 Work on Community Stoves
The MNRE has wanted to start some activities for community biomass stoves, which can take off more quickly than the programme for the domestic biomass stoves. The government schools serving mid-day meals to children were considered as strong candidates for adopting improved community stoves, if they were already using biomass for cooking the mid-day meals. For this purpose, a survey was planned for some selected regions to be conducted by an organisation with experience in conducting such surveys. Three candidate organisations were considered through the proper procedures of IIT Delhi for awarding contracts. Finally considering various aspects, M/s Feedback Consulting, Bangalore were awarded the contract.
The IIT team interacted with the team of M/s Feedback Business Consulting Services Pvt. Ltd. at the initial stage of designing the questionnaire. Ms. Svati Bhogle, TIDE provided extensive guidance on the same. The progress of the survey was reviewed with interim reports provided by the consultant.  The terms of reference of the work carried out by them is given in Appendix B4 and the final report submitted by them is given in Appendix B5.
Apart from this survey, MNRE also initiated a discussion session on January 15, 2009 in IIT Delhi on community stoves by inviting various manufacturers of the stoves in a meeting of the core group on biomass stoves. IIT Delhi had also procured the stoves from these manufacturers, which were demonstrated in the premises of IIT Delhi. Appendix B3 includes the list of manufacturers of community stoves who participated in that meeting. The recommendations for work to be carried out under the new initiative on each of the components identified above are presented in the next chapter.
2.2.3 The National Workshop
A national workshop was organized at IIT Delhi on May 19, 2010 to present the recommendations prepared by the project team. While throughout the duration of the project extensive consultations were held by each group with a large cross-section of experts and stakeholders, the workshop gave the opportunity to all the participants to have an integrated view of the recommendations and give their feedback in that light. The workshop, thus, served as a platform for ratification of the recommendations by the stoves community. Most of the comments received during the workshop have been incorporated in the final report.  
Chapter 3   Recommendations for the New Biomass Stoves Initiative
This chapter focuses on the recommendations which have resulted from the last few months of work involving review of the literature, extensive discussions.  The recommendations have been provided in two parts. Part A spells out the constituents of the prospective programme while part B identifies the implementation and management strategies for the programme including a proposed schedule for various activities required to initiate the programme. 
Since the work was divided into five components addressing five different aspects of a prospective cookstoves programme, the recommendations prepared by each of the groups have been presented in Part A in separate sections, viz., (i) innovation prize, (ii) technical aspects, (iii) delivery models, (iv) fuel preparation and supply and (v) issues in community cookstoves. These recommendations first focus on identification of the tasks which must be carried out under each of these components to constitute a national programme. Some of these tasks may involve making choices. Wherever relevant, the range of options has been given for these choices with analysis of the pros and cons of each of these choices. These are followed by suggestions on how the choices can be made by adopting a widely acceptable methodology.
Part B focusses on suggestions on the design of the entire programme so as to be able to carry out the tasks enumerated in Part A. The organizational structure that can facilitate effective implementation of the programme has been suggested and specific recommendations have been made on monitoring and evaluation of the programme as a whole, with a scope to take quick corrective actions as and when necessary. This part is common to all components of the programme. Besides, the sequencing of various activities under the programme has been suggested particularly in the first two years of the programme.
While brief justifications have been provided for all the recommendations in this chapter, selected background material forming the foundation of these recommendations has been given in the appendices at the end of the report. 
It may be pertinent to reiterate that the Indian Government has launched this programme “with the primary aim of enhancing the availability of clean and efficient energy for the energy deficient and poorer sections of our society”. Moreover, to quote the document released during the formal launch of the initiative, “The programme is conceived not as a handout to poorer households, but rather as an economically sustainable business solution”.  It is suggested that the recommendations in the subsequent sections be seen in this light.  
PART A: Constituents of the Proposed Initiative
3.1 Innovation Prize
The primary motivation for the cleaner cookstoves initiative is reduction in health impacts from indoor air pollution (although with other important co-benefits such as improved efficiency of resource use, reduction in time and effort to collect biomass with concomitant social benefits, and climate mitigation).  Therefore we need to develop the cleanest possible coosktoves.  In fact, our broad aspiration, as spelled out in the Improved Cookstove Initiative press release should be to deliver as clean a cooking experience as other common options such as LPG.  Although currently-available cookstoves are a significant improvement on designs available even a decade ago, there is scope for further improvement and this will be needed if we are to meet the health (and other) imperatives noted at the launch of the initiative.
This requires us to develop the next-generation of cookstoves that are as efficient and clean as possible and to do this as soon as possible since every year lost means additional health burdens.  But motivating the development of these cookstoves is itself a difficult challenge and this section proposes and discusses a new approach towards that.
1.  A Global Innovation Prize:  Traditionally, new technologies are developed through funding R&D in that area or by creating markets that stimulate technical activities, which lead to the desired goal.  R&D funding is generally constrained in that it can fund only a few groups and these need not be the ones with the greatest expertise (since these latter groups – especially industrial laboratories – may not be suitably motivated to work on this topic by necessarily limited R&D funds), which means that the technology development process takes time and the outcome remains uncertain.  The other model of creating a market also has limited relevance in the stoves context, given the low purchasing power of the “consumer” group, especially the poorest of the poor, who would be the biggest beneficiaries of a cleaner cookstoves program, and also the difficulty in delivering a standardized product that meets needs of a range of customers (unlike a shampoo sachet).
In recent years, increasing attention has been paid to the idea of “innovation prizes” as an efficient and effective way to induce the development of technology in neglected areas by motivating a large number of researchers/innovators to focus on a specific problem.
  Specifically, this refers to “an ex-ante grand prize” to stimulate R&D or technology development.
  The “X-prize” is probably the most prominent current examples – the $10 million Ansari X prize
 for the first non-government organization to launch a reusable manned spacecraft into a suborbital altitude of at least 100 kilometers twice within two weeks was won in 2004 by Burt Rutan with his SpaceShipOne.  Another example is the "Golden Carrot" awards, sponsored by the U.S. Environmental Protection Agency (in partnership with non-profit companies, utilities and environmental groups), where the development of the super-efficient refrigerator was the first initiative.
 In the arena of cookstoves, Chinese have set an example by organizing a nationwide contest (see Box 3.1). This has demonstrated the potential of using this approach to promote innovation in the development of cookstoves.
 Inducement prizes should be viewed as a potential complement to, and not a substitute for, traditional funding for research and innovation activities.
 Inducement prizes do offer several advantages, including:
 
· overcoming market or institutional failures in developing technologies for specific needs
· attracting a broader spectrum of ideas and participants by reducing the barriers to participation
· allowing a goal to be achieved without having to decide which is the best way to meet that goal
· shifting much of the risk to the participants (since the award of the prize is contingent of the contest parameters being met); and
· the capacity of prizes to  educate, inspire, and even mobilize the public
· leveraging additional resources from firms and other sources

In fact, a panel at the US National Research Council has recommended that the US National Science Foundation experiment with prizes as a way to promote innovation.
  Others have proposed the use of prizes to induce the innovation of vaccines
 or the development of agricultural innovations for the third world
.  In order to be successful, though, it is important to design the contest carefully, both in terms of defining the parameters of participation and the goal to be achieved.  Furthermore, if the ultimate aim is to commercialize the technology, then some thought must also be given to the buyer commitment or a market creating strategy beforehand.

Therefore we suggest an “innovation prize” approach to develop the appropriate technology.  Furthermore, given the complexity of burning biomass cleanly in cookstoves and delivering the resulting heat to the cooking vessels, we want as many groups worldwide as possible to work on this problem – not only experts in combustion but also materials and design.  Therefore we suggest a global innovation prize that leverages innovation talent worldwide to tackle this important problem.
 We note that this would not preclude the participation of Indian groups; if anything, were an Indian group to win a global prize of this kind, it would be a great feather in their cap.
Box 3.1 The Chinese Biomass Stove Innovation Award†
In 2005, Shell Foundation, Shell China, the China Association of Rural Energy Industry (CAREI) and the Center for Entrepreneurship in International Health and Development (CEIHD) together began to organize a household energy prize competition. The partnership sponsored a competition, the Biomass Stove Innovation Awards, to identify, rank, and recognize the most innovative designs in cleaner burning and more efficient biomass cooking stoves in China.
The reasoning was that a competition would focus attention on technological innovation for biomass stoves and help identify the manufacturers best able to produce and distribute stoves that respond to the needs of rural households in China and perhaps in other developing countries as well.   Furthermore, stove competitions had previously been a successful feature of NISP, suggesting that a prize scheme was a viable framework for achieving wider improved stove dissemination in China.  
The competition’s objectives were:
- to test the ability of new stove technologies to deliver a clean, convenient and reliable cooking experience;
-  to evaluate the robustness of the enterprises involved;
- to raise the profile of high-performing stoves by publicizing their ability to meet rigorous test standards; 
-  to assess the usefulness of the stoves in meeting needs in other countries; and 
- to review the use of an innovation prize as a tool for developing and disseminating appropriate technologies
The competition brought forward several different design approaches from two dozen entrants out of which, devices from ten manufacturers were chosen for further assessment.  Each had an established market presence and in a series of laboratory tests designed for the competition, the designs were found to have significantly better fuel efficiency and lower emissions of health-damaging pollutants than traditional Chinese biomass stoves.  Identified winners had fuel efficiencies in the standard Chinese Water Boiling Test ranging from 33-42% and CO/CO2 ratios of about 2% (see Appendix C1).  Carbon monoxide and particle emissions were, respectively, 4-7 and 0.2-0.4 gram per kilogram of fuel, more than an order of magnitude below traditional stoves.  These stoves were all semi-gasifier stoves in which combustion occurs in two stages with the best performing using an electric blower to stabilize combustion.  Sales of these stoves showed significant growth in the years following the competition (see Appendix C2), although by 2007, less than 60% total units had been sold.
Some key lessons include a need to pay particular attention to the metrics for evaluation of entries (where the need is for parsimony in including relevant characteristics and simplicity in translating these into indicators) and the protocols for evaluation (that must take local consideration into account).  The possibility of some rewards early in the project cycle and also to the whole participating cohort (instead of a prize awarded to one winner at the end of the competition) also may be worth considering.
† Drawn from: National Household Stove Innovation Prize to Stimulate Market Activity in China, Charron D, Chen X, Dunaway J, Hao F, Willson B, Deng K, Smith KR (draft paper, under preparation – PLEASE DO NOT CITE OR QUOTE WITHOUT PERMISSION)
2.  Focus on cleaner AND efficient combustion: While there have been many improvements in cookstoves technology in the past few years, we believe that a central focus on cleaner AND efficient combustion is required in order to achieve the health and social gains that are the primary motivators for this initiative.
Most of the work on cookstove development focuses on the design of the overall product (the stove) with the design of the basic technology (the combustion chamber) as part of that process. But the expertise needed for the design of a clean and efficient combustion chamber is quite different from the expertise and the process for the design of the stove.  The former requires a deep understanding of complex scientific process of biomass burning – therefore it requires the involvement of combustion and fluid dynamics experts and will rely on tools such as computational fluid dynamics and combustion modeling.  This is not to say that the design of a combustion chamber does not require industrial design principles – indeed it does, since the cost and the durability of the chamber will depend on materials choices, for example.  The design of the chamber also requires an understanding of user needs such as power (i.e., energy per unit time) requirements.  Therefore we need to ensure that experts with these technical skills are drawn into the process.  
There are two possible approaches here: One, the prize could be for fully-designed cookstoves which deliver some specified high thermal efficiency and low emissions, which can include an additional criterion of amenability for mass scale production.  Another approach could focus the prize on a clean combustion chamber, which then could form the basis of different stove designs.  Such modularization is a standard approach in industrial production processes – for example, car companies routinely develop engines that then form the basis of multiple car designs, which aim to satisfy multiple consumer segment/markets.  We believe that if we truly are to deploy the tens of millions of cookstoves that are needed to meet the goals of this initiative, such approaches will need to be given full consideration.  It also highlights the need for a multidisciplinary approach.
Therefore the prize should focus on development of “biomass combustion unit(s)” (and possibly a biomass processing technology, if needed).
Given the wide range in the economic status of biomass users in the country (in fact, the ‘advanced’ stoves available/appearing on the market cost from less than Rs. 1000 to more than Rs. 3000), we believe that we could consider the development of two units – a low-cost unit that is usable in stoves that are targeted towards the poorest of the poor and then a slightly higher-cost unit that will be used in stoves that are targeted towards the group with a higher purchasing power. 
3.  Need to consider and define multiple criteria: A successful design will need to meet the health, climate, and other imperatives that motivate a new program; at the same time, other considerations such as safety, cost, and robusteness will determine their deployability in actual conditions. Therefore we have to take into account technical performance considerations as well as safety, cost, and robustness.  
Performance specifications: 
From the point of view of health impacts, the two key pollutants would be CO and particulate matter (PM), which require clean combustion.  Social and local environmental (and resource conservation) considerations necessitate a focus on efficiency (which also helps reduce pollution impacts).  Minimizing the climate impacts of the cookstoves will also require reduction of black carbon (BC).  Therefore we propose a focus on these four key characteristics for the basic performance specification.
We begin with the assumption that we want to come as close to LPG performance as possible.  Currently available technologies (fan gasifier, which is also the most expensive technology) are at best about 2.5 times LPG on CO, almost 6 times LPG on PM, and almost 9 times that of LPG on BC; lower-performing (and cheaper) technologies fare much poorer (all on a gram/MJ-delivered basis) as seen in Table 3.1.
Therefore we propose that the pollutant emission benchmark for the higher-cost combustion unit (that can deliver higher performance) be 1.5 times that of LPG for CO, PM, and BC.
The pollutant emission benchmark for the lower-cost cookstove/combustion unit (where we will have to compromise on performance somewhat, due to an unavoidable cost-performance trade-off) could be 3 times that of LPG for CO, PM, and BC.  Given that the lower-cost unit is targeted towards the poorest sections of society, this will need to be based on the unprocessed biomass as fuel (with some representative mix to be defined for the test criterion).
Cost specifications: 
Benchmarking the cost attribute depends both on the feedback from existing programs as well as the general possibilities afforded by delivery models.

In terms of costs, as mentioned earlier, stove models are available (or likely to be available in the near future) in prices ranging from less than Rs. 1000 to over Rs. 3000.  We assume that a cookstove based on the higher-cost combustion unit could cost between Rs. 3000-4000.  If we assume that the combustion unit accounts for two-thirds of the cookstove cost, it pegs the cost benchmark for the higher-cost combustion chamber at Rs. 2000-2600.
We assume that a cookstove based on the lower-cost technology could cost between Rs. 750-1000 – this represents the upper range of the cost that would allow deployment for the poorest of the poor.  If we assume that the combustion unit will account for about two-thirds of the cost of the stove, it pegs the cost benchmark at Rs. 500-650.
We might also want to include a component for annual running costs (fuel and maintenance).
Robustness/durability specifications:
In order to set some robustness and durability criteria, we recommend that the combustion unit be designed to last for at least 10,000 cycles, with a performance degradation of less than 1% per 1000 cycles.
We might also want to set a benchmark for sensitivity to variation in fuel parameters (e.g., moisture content). 
It should be noted that the parameters and numbers suggested for performance specifications are first estimates and therefore taken as representative of what is being envisaged.  To take the prize concept forward, the performance parameters will need to be discussed and the relevant specifications worked out in detail with clear justifications for the choice of those numbers.
Table 3.1: Stove performance from laboratory tests

	Stove/Fuel
	Pollutant emission factors (g/MJ-del)
	
	

	
	Shortlived pollutants
	Longlived pollutants
	
	

	
	CO
	NMHC
	BC
	OM
	CO2
	CH4
	N2O
	PM
	Eff (%)

	fan gasifier
	1.3554d
	0.3364e
	0.0203e
	0.0529e
	233e
	0.0000e
	0.0000e
	0.0703d 
	40

	direct combustion
	3.9204e
	0.2584e
	0.1543e
	0.0731e
	177e
	0.0861e
	0.0000e
	0.2965e
	47

	natural draft gasifier
	5.3749e
	1.1518e
	0.0500e
	0.1464e
	273e
	0.3071e
	0.0000d
	0.1964d
	35

	LPG
	0.5694b
	0.7162b
	0.0023a
	0.0092a
	118b
	0.0019b
	0.0056b
	0.0122d, d
	57

	


aHabib et al., 2008 (low and high burn rate)

bSmith et al. 2000; In case of agricultural residue emission factors mustard stalk combustion in traditional mud stove has been used. Rice straw has not been chosen because it is mostly used to feed cattle and only about 2-5% of total generated waste is used as fuel [Ravindranath and Hall, 1995]. 

cHabib et al., 2008 (mustard, tur, cotton, soybean, jute stalks); dung

dMacCarty et al., 2008; Jetter and Kariher, 2008; USEPA

eMacCarty et al., 2008; Single values are reported

NOTE: MacCarty measured zero values for CH4 and N2O from Philips fan gasifier; assumed efficiency for natural draft as 5% lower  

4.  Focus on multiple elements of prize design: A successful contest requires paying attention to multiple elements: goal setting, prize strategy, ensuring impact, and post-prize activities to ensure successful delivery. (Figure 3.1)
Success in this venture will depend on appropriate prize design as well as subsequent delivery.  The prize design process itself is quite complicated, involving analyzing and translating the kind of considerations listed in (3) into specific criteria.  It also involves reaching out to motivating participants, setting clear rules for participation and winning, the rights of participants, the magnitude and nature of the prize, as well as the staging and timing.
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Figure 3.1 : Stages of prize development and delivery (Source: McKinsey)
Some additional key issues that will need to be resolved/paid attention to:
· Prize or prize/contest hybrid:  The notion of the prize is the “first past the post” winner (where the “post” is the benchmark that has been set).  While this is a standard model and relatively simple to operationalize, we might also want to consider a hybrid model where we give a prize to the best design above the benchmark but then also keep in consideration for the next stage (i.e., the conversion of the combustion unit to cookstove) a select number of models that also exceed the benchmark, even if they don’t win the prize.
· Advanced market commitment (AMC): It may also be desirable to consider an AMC as a complement to the prize as a way of stimulating cookstove development from the combustion units.  This, in some sense, then becomes akin to a two-stage process, where the first stage (the prize) yields combustion units and the second stage (the AMC) leads to the development of cookstoves, where again we can specify certain performance and cost criteria.
5.  Partnering with the right organization: Given points (1), (3), and (4) above, we believe that it is imperative to partner with the right kind of organization that has both expertise in developing such prizes and has a global profile.
3.2  Recommendations for Technical Work in Cookstoves
Technical work for development of cookstoves as well as their testing forms the backbone of any programme on improved cookstoves. A lot of work went into these two aspects under the NPIC. Being a first programme of its kind, it was indeed noteworthy that NPIC involved a large number of scientists, social scientists, field workers across the entire country for a common cause. The main concern at that time was to save fuelwood and do something immediate to make the kitchen smoke-free. Hence the approach adopted focused more on the thermal efficiency which was increased by addressing the heat transfer issues.  Supply of adequate air was ensured through pressure drop calculations and the smoke was gotten rid of by the use of a chimney in some designs. The improved stoves were well-received in certain regions, primarily because of substantial fuel and time saving as compared to traditional stoves and smoke-free kitchens in case of stoves having chimneys. 
With time, the perceptions about improved stoves have changed, particularly with new technologies in the market, which are giving a greater emphasis on cleaner combustion in the device, apart from having a good thermal efficiency. Moreover, the consciousness over severe health impacts associated with exposure to pollutants from the cookstoves has increased in the past few years. Consequently, there is a need to have a fresh look at the process of designing stoves using more fundamental knowledge of science. In view of the recent developments, there is also a need to review the testing protocols. The recommendations in this section focus attention on all that scientists and engineers need to do towards development of better and more acceptable stoves in accordance with certain standards. 
In the past three decades, a large body of literature has been created by researchers the world over, which has brought the stoves into the arena of scientific investigation. 
The recommendations on technical aspects of cookstoves presented in the present section are divided into three major parts: i) testing and standards ii) development of stove designs iii) fundamental work related to materials and various phenomena. It is envisaged that different groups will contribute to these three aspects with some overlap. The effort, here, has been to identify specific research and development projects which can be taken up by various groups already working on stoves or interested in taking up the task from now on. It is also expected that these projects shall be evaluated and finally carried out in a coordinated mode rather than as individual projects isolated from others. The recommendations given below should be seen in this light.
3.2.1 Testing and Standards
Testing is a very important part of any cookstoves programme. In view of the development of several new designs in the recent past, the need for review of testing protocols and setting up new facilities has acquired great importance. The activities related to testing required to be carried out under the new initiative can be classified under five categories : (i) Review of testing protocols, their standardization and identification of equipment which should be part of the testing facilities of various kinds. (ii) Developing performance standards for certification (iii) Setting up the testing facilities of various kinds (iv) Training of the personnel for testing in the lab and the field (v) Commissioning of the certification centres. Each of these is discussed in greater detail here.
3.2.1.1 Review of Testing Protocols 
Testing of cookstoves must cover three major components: (i) thermal performance (ii) emissions and (iii) safety, durability and maintainability 
Thermal performance was the first to get the attention of the international cookstoves community several decades ago resulting in the development of the “Water Boiling Test” (WBT), as a simplified simulation of a cooking process. The first version of WBT was prepared in a meeting convened by VITA (Volunteers in Technical Assistance) in 1982. Subsequently, WBT was revised and supplemented by two more tests – another lab test, the Controlled Cooking Test (CCT) and a field test, the Kitchen Performance Test (KPT) (VITA, 1985). Since then, the WBT and the performance parameters it yields have been under close study and various researchers have suggested modifications in the same. In 2003, Aprovecho Research Centre, along with UC, Berkeley with assistance from Shell Foundation revised the VITA protocols with changes in WBT as well as CCT and KPT. This version is referred to as WBT 3.0. SInce 2007, the ETHOS (Engineers in Technical and Humanitarian Opportunities of Service) and PCIA (Partnership for Clean Indoor Air) networks have been working towards further revision of these protocols. After a wide public consultation, this new version of WBT, currently designated as WBT4.1.2
 is due to be finalized soon.  This version includes measurement of emissions of different pollutants from the cookstove simultaneously with thermal efficiency. The protocol also has the flexibility of being applied to the new types of the stoves, e.g. gasifier stoves or other stoves using prepared fuel. However, in such cases, two stoves of different kind cannot be compared using the results of these tests. 
Recently two of the stove manufacturers, viz., Envirofit and Philips have come together to  modify the available protocols to suit the requirements of their designs.. This protocol is designated as Stove Manufacturers Emissions and Performance Test Protocol
 . This protocol focuses on reducing the variability of the test results due to various factors. The protocol needs further debate before its wider acceptance. 
In 1991, Bureau of Indian Standards (BIS) adopted a modified version of the original WBT
  as its own standard 
. The BIS testing protocol also included measurement of CO/CO2 as a separate test. This test is meant for only single-pot metallic wood-burning stoves and tests the stove only at high power, thus not evaluating the turn-down ratio of the stove, which is a very important parameter for the user. There has already been a move by BIS to revise these standards.  A comparison between four different protocols viz., WBT3.0, WBT4.2.1, EPTP and BIS, has been provided in Appendix D1.  
Thus, even a preliminary review given above shows that there is still no agreement over these protocols despite a wide debate. There seem to be practical difficulties in adhering to some aspects of these protocols. It is also being argued that these tests are not suitable for batch-loaded stoves including some of the gasifier stoves. The methodology used to determine the turn-down ratio is also questioned by some researchers. In addition, many researchers are pointing out that the lab tests do not represent the actual cooking practices well enough. In a recent paper by Johnson et al. 
, a new approach is being suggested wherein burn cycles are derived from temporal data of emissions obtained from the field using the traditional stove. They suggest that the lab tests for the improved stove be designed based on these burn cycles, so as to obtain a much better correspondence between the lab test results and field performance of the improved stove. This is an important aspect as it is well understood that WBT does not truly represent the performance of the stove under the real conditions where cooking practices vary vastly from what WBT simulates. There are also different opinions on whether a stove performance should be characterized by a single number for efficiency and similarly for different emissions at a given power, or should a set of performance characteristics of the stove be provided for efficiency and emissions as a function of the power input (or the burn rate).
In view of the above, the need for further work to have universally acceptable protocols arises strongly. It is clear that it will require time to carry out this task in the Indian context. On the other hand, in India, an urgent need is felt to test some of the new designs according to widely acceptable protocols, particularly where BIS protocol is not strictly applicable and needs modification. This is required for a sound comparison between the new designs and to take the next step towards dissemination of the available designs. It is thus recommended that India should take immediate steps towards revising its protocols for the long term, and in the meantime, the BIS protocol can be modified suitably to widen its applicability to new stove designs. WBT4.0 can help in providing the guidelines for interim modification in the BIS protocol.
Review of Protocols in Project Mode
For review and revision of protocols as well as standards, it is recommended that this task must be coordinated by an organization in project mode in association with BIS. Such a project must involve an international consortium including those adept at testing cookstoves (in the lab and in the field) as well as scientists involved in design and analysis of stoves. Results of extensive testing of different types of stoves by the stove testers using different protocols need to be analysed carefully by this consortium both from practical testing point of view and fundamental scientific point of view. This must be coupled with sensitivity analysis to determine the impact of variability in any aspect of a protocol on the outcome of the tests. The extent to which the protocol can represent the real cooking practices also needs to be ascertained. These should, then, result in the recommendations for the revised version of the protocols and standards, which can be further subjected to wider public debate involving a larger community working on stoves, before being accepted as the revised standards by BIS and perhaps also at international levels.  The final outcome of this project should be a revised version of standards for testing of different types of stoves for thermal efficiency as well as specific emissions. As part of the protocols, the standard equipment to be used must also be specified with their technical specifications that can help in purchase of the right equipment. 
Interim Protocols
For testing of the new stove designs in the meantime, it is recommended that the BIS standard be modified suitably as an interim measure after a quick consultation with the stoves community in the country. This work should also be coordinated by an organization as part of a project of short duration. The group must have a close look at the various recent protocols available at the international level vis-à-vis the requirements of the new stove designs to recommend the interim modifications in the BIS protocol.  The latest versions of CCT and KPT (being used by Aprovecho) may also be adopted. 
3.2.1.2 Development of Performance Standards 
While standard testing protocols are essential to test stoves so as to get repeatable performance parameters for a given product, for any mature technology, it is important to have performance standards for certification. It is recommended that these standards be developed as part of the exercise of long term review of testing protocols. These standards must cover thermal efficiency, emission factors for CO, PM (total) and PM2.5 and BC. 
It is also suggested that the standards be specified in such a manner that the products can be rated like the star- rating of various energy equipments by the BEE. This would allow a range of products to get certified and would encourage the manufacturers of a certain design with a lower rating to aspire for a higher rating through improvement in their product. It is also suggested that the range of performance permissible under a given star-rating must be linked to the expected health impacts of a stove having certain power Vs efficiency characteristics and power Vs emission characteristics. It may be essential to emphasize that the estimates of health impacts of a technology with given characteristics must be based on actual measurements in the field with use of sound statistical tools to make the required projections.
3.2.1.3 Setting up of Testing Facilities 
The exercise of revising protocols has to be taken up in tandem with the activity of setting up testing facilities. There is a case for setting up three kinds of centres with testing facilities.
1. It is envisaged that under the new initiative, several groups in the country would be involved in fundamental as well as applied research related to cookstoves. Out of these, some groups may have more long term commitment to the cause of cookstove development and may have a larger number of people interested in this activity. The parent institutes of such groups may be designated as “R&D centres for cookstoves”. The facilities developed at these centres as part of the cookstoves programme must be available to other groups as well, as and when required. It is expected that the groups doing fundamental research on combustion relevant to cookstoves, leading to new designs of stoves would need a well-equipped testing facility particularly for emission measurements for combustion research as well as for testing their own designs in-house for emissions as well as thermal performance. 
These groups could also take up the task of evolving testing standards, for which such a facility would be essential or else, they could collaborate with others working on testing protocols sharing the testing facilities with them. These groups with state of the art equipment for testing could also carry out the training of personnel for certification centres as well as field testing centres. However, these groups should not be given the task of certification. 
2. The second type of testing facility is required for certification of any product. Such a facility should be independent of the organizations involved in product development as well as the funding agencies. These should be paid facilities maintained by private parties/ public sector enterprises or government agencies other than those funding the cookstoves programmes. Any organization developing a new product must get the performance parameters of their product measured at these certification centres. Performance measurements by only these certification centres should be considered for the purpose of aid or approval of the product by the government agencies. It may be made mandatory for stove manufacturers to get the certification of their products done periodically, say once in six months for samples from different batches of the product.
3. Another type of testing facility required is the one with field testing equipment and with trained manpower for carrying out the same in the field. This would be required for evaluation of the product’s success in the field. Such a facility, again, should be independent of agencies developing cookstoves and those funding cookstoves programmes. These facilities could be provided in the grassroots level NGOs who are involved in dissemination of different products but are not developing cookstoves themselves. To ensure proper use of these facilities by trained personnel, the field testing centres managed by the NGOs could be affiliated to one of the R&D centres. The field testing centres would come into picture as part of the monitoring and evaluation of any dissemination programme. It is expected that first dissemination would be carried out at pilot scale, the evaluation of which would be carried out by the field testing centres. Subsequently, based on the feedback from the field testing centres, larger dissemination programmes would be taken up, which would again, be evaluated by these field testing centres. It is proposed that several such centres should be setup depending upon the requirement. Only personnel trained and certified for field testing should be allowed to carry out the field testing.
Performance Parameters to be Tested 
In each of the above facilities, the equipment required may vary as discussed below.
1. In the first facility, it will be desirable to have all the state of the art equipment to carry out the measurement of the following 
· Thermal efficiency as a function of power input (or the fuel burning rate).
· CO, CO/CO2 ratio, particulates (PMtotal and PM2.5), HC, OC and BC as a function of fuel burning rate.
· Durability and safety tests.
2. In the certification facility as well, it will be desirable to have capability to measure all the above. If the facility is setup in stages over time, the equipment for analysis of particulate sizes can be obtained at a later stage.
3. The third type of centres should have facility to carry out the controlled cooking test (CCT) in their laboratory and portable equipment for kitchen performance test (KPT) and emissions of CO and particulate matter (PM2.5 and PM10) in the actual kitchens. 
Number of centres of each type
1. While R&D activity in stoves can be taken up by any group interested in the area, R&D centres discussed above are expected to be a few in number to start with. Any other group widening their activity in the area of cookstoves may qualify to get the status of an R&D centre in due course. In this regard, they would be different from the technical backup units of the NPIC.
2. To start with, there is a case for only two cookstoves certification centres in the country. The need for two centres arises for comparison of the tests to ensure that the test results are obtained with standard protocols and are repeatable.
3. There should be multiple centres for field testing. As the programme for delivery of new cookstoves picks up, more and more such centres can be set-up in different regions of the country.
Mode of setting up the centres
Any such centre should be set-up only through open Requests for Proposals (RFP). These proposals should be evaluated by an advisory body, rather than independent experts. The proposals should be looked at in tandem rather than as independent proposals.
Since the testing centres must be setup as soon as possible, and the work to review or revise the testing protocols may take time, this group recommends an interim revision of BIS protocols  for testing till the long term revision is carried out in project mode in association with BIS as recommended above. 
3.2.1.4 Training of Personnel for Testing
As mentioned earlier, the R&D centres in the country can also serve as training centres for personnel designated to carry out the task of testing either in certification centres or in field testing centres. It is recommended that in both these testing centres (certification and field testing), the personnel must have at least a high school education with a good proficiency in at least the local language. In certification centres, a reasonable proficiency in English is desirable so as to be able to refer to the international literature on testing as and when required. A one week training programme is a must to understand the background of testing of cookstoves as also to learn the use of various equipments and following the protocols scrupulously. Variability in handling different kinds of stoves must be an important component of the training programmes. The field testing training programme may be longer, say, 10-15 days of contact spanned over  a month or two to include the controlled cooking test in the lab and field training in carrying out the kitchen performance test.
Apart from the above, a culture of testing has to be promoted at various levels. This can be done by taking up student projects related to testing in educational institutes and generating awareness among users for the importance of testing and certification. The local manufacturers can also be encouraged to have their product tested and certified for their performance.
3.2.1.5 Commissioning of Centres
Certification Centres 
For the certification centres to start functioning as a regular testing centre, it is important that first a few stoves must be tested at all these centres and also at least at one R&D centre. The test results from all these centres must be compared and any significant discrepancy must be analysed so as to rectify any problem in the testing procedure or the equipment. Only after consistent results are obtained for at least 4-5 different stoves from all the centres, should the certification centres be allowed to operate for their routine function.
Field Testing
A field testing centre can also be commissioned for the purpose after the results of the Controlled Cooking Tests carried out by them in the lab as well as the Kitchen Performance Tests in the field on a pilot scale, i.e., for 4-5 households are analysed and found to be consistent with each other and with the scientific understanding of the phenomena.
3.2.2 Research and Development
Here focus is to carry out fundamental or applied research which can add to the body of knowledge relevant to stove design and performance. The outcome of this work could be either creation of public domain literature on fundamental issues which can be used by anybody or it could be used directly by the R&D centres for in-house design and development of better stoves.
As already discussed, it is recommended that 4-5 R&D centres be created in different parts of the country where fundamental R&D would lead to new stove designs with state of the art facilities for testing the stoves in the developing stages.
Keeping the literature in view, recommendations for the kind of projects which should be carried out in future to add to the fundamental knowledge base are listed here.
The research being proposed here also covers the health and social science aspects, the need for which has been spelt out at the end of this section.
It may be reiterated that the research and developmental work proposed here is recommended to be carried out in a coordinated mode with consortia working on different aspects. This is in contrast to the usual mode of funding research proposals by various funding agencies of receiving individual proposals reviewed by different experts. In the present context, a coordinated approach will help in filling the missing links in the bigger picture essential to make a major headway in this field.
3.2.2.1 Materials
Materials are an extremely important part of any stove. The high temperature environment to which the combustion chamber is exposed is highly corrosive and hence can severely affect the life of the combustion chamber lining. The desirable features of material for stove are:
1. Durability in high temperature environment
2. Low cost
3. Local availability
4. Easy manufacturability
5. Easy to transport the finished product without damage (for portable stoves)
6. Desirable thermophysical properties, i.e., should have low density, low specific heat and low conductivity to reduce transient as well as steady state energy losses from the combustion chamber.
Materials for stoves can be divided into two broad categories: Metals and Ceramics. The literature on materials shows that the metals with long life in combustion environments are generally very costly and not available locally. They need special treatment before they can be used for the manufacture of the product. However, the metal stoves are easier to manufacture and transport.  
Ceramics are non-metallic inorganic materials, e.g. silica, magnesia, alumina. Traditionally, bricks with mud plastering are used in stoves made in situ. Clay has also been used for stove construction – with or without baking.  However, the former has very high thermal inertia while the clay stoves crack in operation, unless very good quality clay is used which is not available everywhere. 
In view of the above, there is a need to carry out more research on materials which can be suitable for stove construction. The following topics for research are recommended for further work:
1. Characterization of various types of clay particularly found in various parts of the country, for its composition and various properties relevant to stove manufacturing. This should include determination of dependence of the properties on temperature. The clay can be characterized in raw form as well as after firing. The firing temperatures and the firing cycle can be another important parameter.  
2. Experimentation with different types of additives in clay for attaining the desired properties. This can form multiple projects with different groups experimenting with different types of additives.
3. Experimentation with other ceramics with different additives.
4. Characterisation of various alloys of metals for the desired properties.
Characterisation of a material would mean determination of composition of the material, its microstructure and the dependence of the same with temperature. The material would also need to be characterized for its thermal and mechanical properties and their dependence on temperature. Properties relevant to thermal behaviour would include density, thermal conductivity, specific heat (and hence thermal diffusivity), while mechanical properties would include the tensile and compressive strength and coefficients of thermal expansion.
3.2.2.2 Fundamental Phenomena in a Cookstove
A biomass cookstove is a complex engineering device involving closely coupled phenomena like pyrolysis, combustion, fluid flow and heat transfer. The complex coupling between these makes the problem highly non-linear and hence difficult to tackle in totality. There is a vast body of literature on some of these fundamental processes. Appendix D2 gives a selected list of references covering fundamental processes as well as applied aspects pertaining to stoves. However, there is still a lot to be done in these fields in the context of stoves. The need for further work has been discussed here briefly for each of the processes. 
Pyrolysis
While considerable literature is available on pyrolysis, the composition of pyrolysis products, factors affecting pyrolysis, much of the literature is related to pyrolysis of single particles of a material. For cookstove design, the pyrolysis of a fuel bed is much more relevant. In recent years, there has been more literature on modeling of pyrolysis. This needs to be supplemented by experimental work on bed pyrolysis  to determine various products of pyrolysis obtained under different conditions. This would be particularly relevant to the design of gasifier stoves. 
Combustion
Solid fuel combustion is indeed much more complex than liquid or gaseous fuel combustion. Due to processes of pyrolysis, the solid fuel combustion takes place in two stages : flaming combustion of volatiles and glowing combustion of char. Modelling of flaming combustion becomes rather difficult due to lack of precise information on the species forming the product of pyrolysis in a given situation. The variation in this can be very large. On the other hand, char combustion also depends heavily on the surface area exposed which in turn will depend on the way the bed is laid out, the rate of pyrolysis and the fluid flow through the bed. Including effects of turbulence and radiation makes the problem much more complex for modelling.
On the other hand, even experimental work is limited in case of solid fuels. For design of any combustion chamber using a solid fuel, shape of the chamber, its diameter/cross-sectional area, its height and volume (if the cross-section is non-uniform) are of utmost importance. If the combustion chamber has a grate, its size determines the fuel burning rate and hence power of the stove. If it is a stove without grate – as in the case of a rocket stove, the diameter of the chamber is important. However, this dependence is not available in any quantitative form. On the other hand, the height of the combustion chamber should be related to the flame height. There is hardly any literature available on flame height for different solid fuels under different conditions of primary to secondary air ratio. 
For gasifier stoves, more experimental work and modelling needs to be done to correlate gasifier diameter with fuel burning rate and hence power rating of the stove. Similarly for such stoves, modelling of the coupled processes is required for more optimal designs of stoves.
Fluid Flow and Heat Transfer
 In a forced flow cookstove (the one with a fan) the two phenomena are decoupled. In forced convection case, the correlations for pressure drop and convective heat transfer are fairly well-developed. However, under turbulent conditions, with radiation, the available literature may not be sufficient for complex geometry of a typical cookstove. There is a need to strengthen this information through sound experimental work as well as modelling. Surface radiation itself is quite complex. With participative medium having soot, carbon dioxide and water vapour, further work is required in modeling of such stoves.
The above picture gets even more complicated with natural convection. While at low temperature, relevant to electronic cooling, a lot of work is available in the literature on natural convection, same is not true for high temperature natural convection. There is a need for modelling as well as experimental work in this area to be able to generate correlations which can help in designing the stoves whether in the gasifier mode or otherwise.
Suggested Topics
In view of the above discussion, the following topics are suggested for further research.
1. Experimental work to determine pyrolysis products for different range of conditions prevailing in a typical cookstove.
2. Modelling of dependence of rate of pyrolysis in a fuel bed on parameters like moisture content of the fuel, fuel shape and size, bed dimensions and porosity, rate of heating etc.
3. Experimental work on determination of flame height for different solid fuels as functions of different parameters like grate area/combustion chamber dimensions, fuel size, bed porosity, fuel bed height, air-to-fuel ratio and primary to secondary air ratio. 
4. Determination of dependence of fuel burn rate on dimensions of the fuel bed, bed porosity, air-to-fuel ratio and primary-to-secondary air ratio.
5. Modelling of coupled phenomena in a gasifier configuration and parametric analysis for the quality of gas obtained.
6. Experimentation and modelling to determine the role of radiation- surface as well as gas and particulate radiation- in a typical stove configuration with fuel bed under forced flow conditions.
7. Modelling of high temperature natural convection with radiation (surface and gas+particulate) to determine the dependence of induced air on various parameters, and contribution of radiation in natural convection conditions.
The above are just broad guidelines. Each of the above can result in multiple projects carried out by several groups.
3.2.2.3 Product Development
While the earlier sections deal with fundamental aspects of the various phenomena taking place in the cookstoves, for development of a saleable product, a more interdisciplinary approach is required. Here, the foremost is interaction with the field workers, and the prospective users to understand their requirements from a very early stage of product development and through the entire developmental process.  Interaction with health experts would also be very beneficial from an early stage of product development. The development of a technically sound product would also demand analysis of the integrated unit for clean and efficient combustion, efficient heat transfer as well as material durability. 
Manufacturability with cost considerations is a very important parameter to be built into the product design process. Here the issue of centralized manufacturing Vs a decentralized one is very relevant. In the process of discussions leading to the present recommendations, different opinions came into fore on whether the stoves should be locally manufactured or manufactured centrally to ensure quality control of the product. It finally emerged that both approaches have to be supported but ensuring quality control. So, even in decentralized manufacturing, certain critical components may be centrally manufactured and supplied around which the local manufacturers can build the final product. These aspects significantly influence the engineering design of the final product.
The final product must also meet safety requirements, must be ergonomically sound, user friendly and must not require much maintenance. It is also preferred that the design should enable the maintenance of the product by any mechanic dealing with general appliances.  
If the stove being designed requires processed fuel, work needs to be carried out simultaneously for development of suitable technology for fuel processing, if it is not already available.   
In view of the above discussion, it is proposed that the formation of consortia should be encouraged for product development drawing from groups with different expertise. An integrated approach to product design right from the beginning with inputs from different experts is likely to go a long way in enabling development of more acceptable technologies – both from the point of view of the user and the technical performance of the product.
3.2.2.4 Research in Health and Social Issues
It is also recommended that projects be funded by the government for the health and social institutes to carry out studies relevant to impact of cookstoves on the health and lives of the users. These studies must first collect the baseline data in regions where traditional stoves are in use and later study the impact of using improved stoves in these regions on the health and other social aspects, particularly of women and children.
3.2.3 Technical Consultancy Centres 
While the design and development of stoves has been carried out traditionally by several groups across the world even without a scientific and technical background, the design of a high performance product would demand a scientific and technical backing, as discussed above. On the other hand, a stoves contest does not limit the contestants to only scientific and technical community. There is a likelihood of anybody with a good intuitive feel to come up with a good design or at least a design which has a potential to be converted into a good product with some scientific inputs. It must also be noted that while many aspects of stove design can be based on the scientific principles, the basic configuration has a lot to do with intuition and creativity besides a scientific understanding. 
In view of this, it is felt that technical consultancy centres which can help the local innovators/small entreprenuers in improving upon their designs would be of great value particularly for addressing the regional cooking requirements. Computer Aided Engineering tools such as softwares for Computational Fluid Dynamics (CFD), Finite Element Analysis (FEA), computer aided thermodynamic analysis etc. can be helpful in the same, along with some experimental measurements. Such technical consultancy centres could be linked with the R&D centres for experimental facilities. However, for computational analysis, the centres should have their own facilities and expertise to provide inputs for improvements in stove design to the designers in the commercial consultancy mode. Entrepreneurs interested in setting up such a centre may be helped in the incubation period through soft loans by the government to acquire the required computational facilities in terms of hardware as well as software relevant to analysis of cookstoves. Or else, consultancy in improving cookstoves designs could be a part of an ongoing business of an entrepreneur in analysis/consultancy for other technologies as well (Many such companies are in the business with large companies outsourcing some of their tasks to these smaller companies). In such a situation, the government could help the consultant in acquiring softwares specifically useful for cookstoves analysis through soft loans. Also, the government could provide publicity about such centres to the community of stove developers. The consultants would have suitable charges for providing the technical consultancy. 
It is also proposed that the government provides financial support to the stove developers for getting the technical help from such centres, since many of these developers may not be able to pay for the consultancy charges on their own.   
3.3 Dissemination Strategies for a New Improved Cookstove Initiative.
3.3.1 Introduction
In the National Program on Improved Chulhas (NPIC), approximately thirty million improved cook stoves were disseminated throughout India.
 The level of success of the programme varied across the country as cooking needs are different in each region and each state utilized different strategies to carry out the program.
 For instance, the Himachal Pradesh program initially distributed stoves designed for cooking on the plains, even though the higher altitude of the Himalayan villages calls for different stove requirements. These stoves proved unusable.
 However, the Himachal Pradesh program learned from this mistake and assessed regional cooking needs. After region-appropriate stoves were developed and installed, the program was more successful.
 Under NPIC initially the target specified the installation of a certain number of improved stoves in a state, but in 2000-2001 the target was modified to cover a certain number of villages in a state.
 
Even though the primary focus of NPIC was fuel conservation, it also attempted to increase the acceptance of the stove by raising awareness on health benefits of reduced indoor air pollution. It was assumed that if women understood the health benefits of the improved stove for their families, especially their children, they would be more motivated to switch to the new stove.
 However,  in many regions, these efforts did not prove as successful as hoped.
 Some studies have demonstrated that potential health benefits are not reason enough for some people to adopt new cooking practices, so focusing on the health aspects of improved stoves may not be the most effective marketing strategy for every household.
 
Several experts agree that NPIC could have been improved with more systematic quality control.
,
,
  In addition to this a more robust evaluation and monitoring system would have ensured proper construction and maintenance of cook stoves. Users in many states might have also benefited from further education about how to use and maintain the stoves.
 Therefore it is essential that in order to implement a successful cook stove program, the lessons learned from the past initiatives must be taken into consideration when formulating a new program. 
3.3.2 Key Elements of Improved Chulha Dissemination
The review of past and ongoing improved cook stove programs, which can be read in Appendix E, illustrates that the key elements to an effective improved chulha initiative are as follows:
1. Technology : which includes R&D and performance standards, as already discussed in the earlier section.
2. Market development: Commercialization would provide long-term sustainability, and the need to earn profits would motivate retailers to market the stoves and sell as many as possible. For commercialization to succeed, there must be demand for improved chulhas. Currently, there is little or limited demand for improved cook stoves, because women already have their cooking needs fulfilled by traditional chulhas and are unaware that better options exist. Therefore, great focus on developing a market for improved cookstoves through an extensive awareness and marketing campaign is necessary in order to take forward a more sustainable approach to dissemination. 
3.  Production and distribution
Targeted areas: The initiative should start with the areas best prepared to implement it. These areas have widespread financial services, strong existing delivery channels, managerial experience, and available biomass.
Mass production: Mass production of stoves in semi-centralized or regional facilities must be executed in order to ensure quality control.
Network of dealers: In order to reach as many households as possible, an extensive network of dealers must be utilized. This network could include entrepreneurs and existing small shops. 
Selection and training of entrepreneurs: If the entrepreneur model is utilized, entrepreneurs should be carefully selected based on ability and motivation. Once selected, these entrepreneurs must be given technical training in installation, operation, maintenance, and servicing as well as marketing and business training.
4. Financing: If villagers must pay for the stoves themselves, they will have a greater interest in understanding and using the technology. Additionally, they will be in a position to demand quality installation and maintenance from the stove retailers. However, the improved chulhas are too expensive for many potential consumers, so stoves, and in some cases, fuel, should be made more affordable with incentives for manufacturers and/or subsidies for users. Micro-credit loans would be the most important factor in providing financial assistance.
5. Operation and maintenance
Education of users: Users must be taught how to properly operate and maintain the improved cook stoves.
Servicing: Retailers should provide repair services to users whose stoves stop functioning properly so that the stoves do not fall into disrepair and end up discarded.
6. Monitoring and evaluation: In order to ensure that villagers are actually adopting and properly using the stoves, an independent entity should evaluate and monitor installed stoves. If stoves are not being adopted, an investigation should identify areas of the initiative that can be improved.
The recommendations in this section for effective dissemination of stoves address elements 2 through 5, as elements 1 and 6 are discussed in sections 3.2 and 3.8, respectively. 
3.3.3 Recommendations for Commercialization and Market Development: a Mass Awareness and Promotional Campaign
As stated earlier, commercialization is crucial to the success of the improved cook stove initiative, and market development is necessary to achieve commercialization. Market research and assessment for cook stoves must be carried out to determine the existing demand for the product, factors that influence this demand, and which benefits of the stoves should be emphasized in an advertising campaign. Depending on the priorities of the families, such benefits may include improved quality of health due to fewer emissions and time saved from a reduced need to collect firewood and faster cooking time. However, it seems that many families place economic benefit (money saved from reduction in fuel consumption) as the top priority, so the campaign should focus on this concern. Furthermore, in most households in rural India, the man of the house is the decision-maker, whereas the woman is the cookstove user. The campaign must focus on both men and women in order to successfully convince households to purchase improved cookstoves. 
In order to develop a market for improved cookstoves, a widespread awareness campaign to educate potential cookstove users about the benefits of using a cookstove should be carried out. Such an undertaking, which would involve manufacturers, marketing companies, local NGOs, retailers, and even the users, could utilize a mass media campaign, demonstrations in the villages, and word-of-mouth advertising. A public-private partnership ( PPP), as discussed in a later section, could facilitate this publicity campaign.
Both large-scale publicity and engagement with the community should be employed in India’s new cookstove initiative to spread awareness widely and effectively. 
Mass Media
The marketing blitz should utilize all forms of media, including print, radio, television, posters, billboards, etc. in order to reach as many people as many times as possible. (However, many potential consumers may not have televisions, so the greatest focus should not be on television commercials.) All text and audio should be in the local language(s). Because many villagers may not be literate, illustrative graphics must accompany any printed text so that the meaning is clear to all potential users. 
Innovative use of technology should be utilized as well. For example, games on mobile phones have been used to spread HIV/AIDS awareness to 30 million people,
 and similar games could be created for improved cookstoves. The vast majority of mobile phone users in rural India are men, so mobile phone games would reach out to the decision-makers of the households.
 
These mass media campaigns should take place on the state level, and the PPP’s Project Management Unit (as discussed in Part B of this chapter) could organize campaigns within each region. The marketing departments of manufacturers and retail companies in the partnership network could collaborate to come up with and implement marketing strategies. Also, marketing companies could be hired by the partnership to help with the campaign.
Government Channels
Government channels, such as schools, health clinics, and social services institutions, reach every village in India. These institutions have the greatest influence on behavior change. If an awareness campaign could leverage these channels, it could directly contact and impact even the most remote communities. 
When people visit health and social service institutions, they could be given information about the benefits of improved cookstoves and how and where to acquire them. This information can be in the form of pamphlets and posters on the walls of the buildings housing these institutions. Both the pamphlets and posters should employ graphics that provide clear explanations to illiterate people. Employees of the health and social service institutions should discuss the health, social, and economic benefits of and how to purchase an improved cookstove with every person who visits. 
Education programs in schools could effectively raise awareness by targeting children and their parents. Children could be given homework assignments that increase their understanding of the benefits of improved cookstoves as well as require them to share this knowledge with their families and communities. For instance, they could prepare presentations and skits, with the help of their parents, about the health, social, and economic benefits of improved cookstoves and then perform these presentations for the village. Furthermore, other initiatives, such as hand-washing and swine flu awareness, have involved children parading through the streets of their villages carrying signs and chanting slogans. A similar activity could be employed for improved chulha awareness. These assignments and activities would reinforce the children’s learning after the school day and pass on the message to their communities. 
Through the PPP, local governments should grant manufacturers, retailers, and NGOs access to these health, social, and educational institutions in the villages. These stakeholders would exploit these channels by preparing and implementing the necessary programs and materials. 
Village Demonstrations
A potential consumer may be more likely to purchase an improved chulha if she sees how it works. Therefore, demonstrations of the technology in villages should be an integral part of the awareness campaign. These demonstrations could take place in schools, houses of worship, exhibition halls, or any other place that could be used to host a public gathering. Demonstrators should focus on the benefits of improved chulhas and show how the cookstoves work by actually cooking something in front of the village audience. While the demonstrators cook, they should emphasize how little biomass is required, how quickly the food cooks, and how little smoke is emitted. Testimony about how improved chulhas have improved their lives from users who have already adopted these cookstoves could influence a village audience as well. 
The Project Management Unit of the PPP could discuss strategies for village demonstrations, and members of the partnership network could work together to implement these strategies. Village demonstrations should be carried out by retailers, who are motivated by the pursuit of profit, and local NGOs, which understand and are trusted by the communities. 
Word-of-mouth Advertising
Word-of-mouth advertising would be the most effective marketing tool in rural areas. Users should be encouraged to tell their social networks about their experiences with the new stove. Such word-of-mouth marketing should be encouraged by the retailers. For example, the retailers might be able to have a tell-a-friend promotion: if a woman tells her friend about the stove, and then the friend mentions her name when purchasing the stove, the first woman could receive a discount on the stove or fuel.
Branding the Initiative
In order to become recognizable and appealing to the potential users, the initiative should focus on branding. The polio immunization campaign’s strategy of branding was successful, and a similar strategy can be emulated for improved cookstoves. An attractive logo and possibly a simple slogan should be created to accompany every aspect of the awareness campaign. Celebrities, such as star athletes and actors and actresses from Bollywood and the local language film industries, could be recruited to act as spokespeople and appear in campaign ads, thereby bringing more attention to the initiative. Ideally, the initiative should become a household name.
3.3.4 Recommendations for Pilot Programs
The new cookstove initiative should start with targeted communities that are most likely to adopt the new stoves. These targeted areas can serve as pilot programs. The PPP’s Project Management Unit (discussed in Part B of this chapter) can select the initial communities. Families in regions where fuel is purchased or is difficult to collect and where stoves are generally used indoors (so that smoke causes noticeable cleanliness and hygiene problems) are more likely to adopt the new stoves. Furthermore, socioeconomic levels and levels of education should be considered.
 Targeted areas should be selected based on existing strengths in financial institutions, biomass availability, managerial and technical readiness (determined by past and ongoing successful cookstove dissemination projects), and delivery channels. 
According to Table 3.2, which shows the strengths of each Indian state, Maharashtra, Tamil Nadu, and Karnataka are best equipped to successfully implement an improved cookstove dissemination project. Maharashtra has 120 microfinance institutions, 92.6 MT/km2 biomass residue surplus density, at least four ongoing cook stove projects, and at least four rural delivery networks.  Tamil Nadu has 95 microfinance institutions, 102.7 MT/km2 biomass residue surplus density, at least four ongoing cook stove projects, and at least three rural delivery networks. Karnataka has 133 microfinance institutions, 60.1 MT/km2 biomass residue surplus density, at least three ongoing cook stove projects, and at least three rural delivery networks. The next-best states include Andhra Pradesh, Haryana, Madhya Pradesh, and Uttar Pradesh. In China’s NSIP, regions entered a competition to prove their ability and willingness to successfully implement the cookstove initiative, and the best regions were selected.
 Such a strategy is not necessarily the best way to select communities for pilot programs, but it should be explored further.
The initiative should aim to have several pilot programs in place within the next few years. These pilots should utilize a wide variety of delivery models, including existing and new models. Many models must be tested in these pilot programs so that the best models can be selected in future projects.
Table 3.2. Strengths of each state.
,
,
 Strength in financial institutions is interpreted as more than 50 institutions or 0.3 institutions/lakh people and strength in biomass residue is interpreted as more than 50 MT/km2.
	Strengths ( 
State or Union Territory
	Financial Institutions
	BiomassResidue
	Cookstove
Projects
	Existing Rural DeliveryChannels

	Andaman and Nicobar Islands
	 
	 
	 
	 

	Andhra Pradesh
	
	 
	
	

	Arunachal Pradesh
	 
	 
	 
	 

	Assam 
	 
	 
	 
	 

	Bihar
	
	 
	 
	 

	Chandigarh
	 
	 
	 
	 

	Chhattisgarh
	
	 
	 
	 

	Dadra and Nagar Haveli
	 
	 
	 
	 

	Daman and Diu
	 
	 
	 
	 

	Delhi
	 
	 
	 
	 

	Goa
	 
	 
	 
	 

	Gujarat
	 
	
	
	 

	Haryana
	 
	
	
	

	Himachal Pradesh
	 
	 
	 
	 

	Jammu and Kashmir
	 
	 
	 
	 

	Jharkhand
	
	 
	 
	 

	Karnataka
	
	
	
	

	Kerala
	 
	 
	
	 

	Lakshadweep
	 
	 
	 
	 

	Madhya Pradesh
	
	 
	
	

	Maharashtra
	
	
	
	

	Manipur
	 
	 
	 
	 

	Meghalaya
	 
	 
	 
	 

	Mizoram
	 
	 
	 
	 

	Nagaland
	
	 
	 
	 

	Orissa
	
	 
	 
	 

	Pondicherry
	
	 
	
	 

	Punjab
	 
	
	 
	

	Rajasthan
	 
	 
	 
	

	Sikkim
	 
	 
	 
	 

	Tamil Nadu
	
	
	
	

	Tripura
	 
	 
	 
	 

	Uttar Pradesh
	
	
	 
	

	Uttarakhand
	 
	 
	
	 

	West Bengal
	
	
	 
	 


 3.3.5 Recommendations for Grassroots Value Chain for Stove Delivery
In order to disseminate improved cookstoves to as many households as possible in all socioeconomic levels, both top-down and bottom-up approaches must be employed. Multiple delivery channels and supply chains should be utilized in each region. Existing networks can vary greatly—targeted audiences, methods of delivery, types of services, etc (for instance, a big corporation will operate differently than petty shops)—so the viability of each for cookstove dissemination should first be analyzed. For each state or region, several delivery mechanisms should be assessed before the best options are selected, as different mechanisms would be successful under various circumstances in each region. 
Collaboration with Existing Non-governmental Initiatives
New value chains for cook stove dissemination could be created by the various stakeholders in the public-private partnership, but it may be more efficient to collaborate with companies and programs that have existing delivery networks. The details of a few examples of such companies and programs are given in Appendix E. These examples are only illustrative and by no means exhaustive. Strategies from and potential opportunities to collaborate with some of these initiatives include: 
Project Shakti: The women entrepreneurs cover a population of about 15 million people in the smallest villages in fifteen states, so this network may be able to distribute cook stoves to a huge number of people in difficult-to-reach remote villages. If the health benefits of improved chulhas are emphasized, then the cook stoves might fit well with the health and hygiene mission. However, it is possible that these women already have enough responsibilities spreading hygiene awareness and selling HLL products; therefore they may be unable to take on a cook stove project. In any case, a new cook stove initiative should consider leveraging existing self-help groups as Project Shakti has.
Global Public-Private Partnership for Handwashing with Soap: Although cook stove dissemination probably cannot piggy-back on a handwashing initiative, some of the strategies can be replicated. By partnering with state governments or the Government of India, a chulha program would be able to reach a much greater percentage of the population. The program could effectively raise awareness about and create demand for improved chulhas by promoting the benefits of improved chulhas through government channels such as schools, health clinics, and social services institutions. The schools and health clinics could focus on the health benefits, while the social services institutions could emphasize the reduced cooking time and fuel savings.
E-Choupal: This program may not be ideal for collaboration to disseminate cook stoves, because the e-Choupal entrepreneurs (sanchalaks) are male farmers, who neither use the stoves nor have the hereditary role of building stoves. While information about cook stoves could be posted on the e-Choupal websites, it is unlikely that farmers using the Internet for agricultural transactions will have any interest in reading about cook stoves. However, e-Choupal’s emphasis on fostering and maintaining the community’s trust should be applied to any chulha project.
Agricultural retail chains such as Hariyali Kisaan Bazaar and Tata Kisan Sansar: Agricultural retail chains already sell household products, so they would easily be able to add improved cook stoves to their inventory. If TKS is willing to collaborate with a cook stove initiative, its training centers and exhibition halls could potentially be utilized to put on technology demonstrations and cook stove awareness programs in the villages.
Links with Existing Government Programs to Reach Vulnerable Households
Several government programs already reach out to the most vulnerable populations. In order to expand the cookstove initiative to the bottom of the pyramid and utilize a bottom-up approach, links with these programs should be established. A few examples include the Rajiv Gandhi Grameen Vidyutikaran Yojana (RGGVY) rural electrification scheme, Women’s Literacy Programme, Indira Awaas Yojana rural housing scheme, and Antenatal Care Centres.
RGGVY: RGGVY aims to electrify all households by 2012. Because an unelectrified house is likely to be a poor one, dissemination of cookstoves in collaboration with this scheme could reach out to some of the most vulnerable households. A forced draft, or blower stove could naturally accompany electrification and would cost relatively little compared to the electrical connection.
Women’s Literacy Program: The Women’s Literacy Program works toward eliminating female illiteracy. Focusing on women as the receivers of cookstoves makes sense, as they are the users. A cookstove could be provided as a reward when a woman attains literacy. In fact, the cookstove and literacy could act as incentives for each other, depending on the women’s priorities. In other words, receiving an improved cookstove could motivate a woman to reach literacy, or reaching literacy could incentivize a woman to own  an improved cookstove.
Rural Housing Scheme: An improved stove would naturally go hand-in-hand with improved housing. Also, an improved stove would be only a small additional cost compared to the cost of housing.
Antenatal Care Centres: The most vulnerable periods for air pollution exposure are during pregnancy and early infancy. Pregnant women who attend antenatal care centres are already in the public system and receiving a number of services, including education, diagnostic services, medication, and incentives to deliver their children in institutions. Even the costliest forced draft stove would be about 50% or less of the government-provided cash incentives in many states (Rs 6600).

This option is being investigated in the “Newborn Stove Initiative,” a research project led by Professor Kirk R. Smith at University of California-Berkeley’s School of Public Health that is exploring cookstove dissemination via the prenatal care system, including anganwadi centers. Approximately eighty percent of pregnancies in India are seen by the prenatal care system; women receive nutritional information and iron tablets and get directed to a delivery institute. Dissemination of cookstoves could target the women who come to the prenatal health centers and be limited to first pregnancies, of which there are about seven million per year. 
 Pilot studies utilizing this option are already underway in Tamil Nadu and Haryana.
 
Other potential collaboration opportunities include the Khadi and Village Industries Commission,   water sanitation schemes, government schools, and the health system. 
The use of the stove could be subsidized through any of the above programs. For instance, for a limited time (perhaps one year) for every month the stove is used, the household could receive a small payment (monitoring equipment, which is currently available, would need to be installed in the house). Hopefully, if a woman gets used to the new stove, she would continue to use it after the subsidy ends.

Network of Petty Shops 
In addition to collaboration with these programs, improved cook stoves could be sold in small shops that are already involved in selling energy products, such as LEDs, photovoltaic products, etc. Tapping into this network of petty shops could significantly increase the reach of the cook stove initiative into remote areas.  
Entrepreneurs
Many programs have utilized the village entrepreneur model to varying degrees of success (see discussions in Appendix E). As aforementioned in section 3.3.2, these entrepreneurs can be individual women, hereditary potters who have traditionally sold stoves, or self-help groups or women’s collectives. There is already an extensive network of self-help groups through the country, so this network could be leveraged to expand the cookstove initiative to hard-to-reach poor households. 
All entrepreneurs would have to receive training in cookstove installation, operation, and maintenance, as well as business training. Such training could be provided by manufacturers and local NGOs. Entrepreneurs, since they have the motivation to earn profits, should be involved in marketing the stoves in  their villages. Furthermore, they must teach their clients how to operate their stoves and provide maintenance and repair services.
3.3.6 Recommendations for Ensuring Adoption
Decentralized Servicing and Maintenance
Improved cookstoves can not be fully adopted if they do not continue to operate properly. Therefore, maintenance and servicing are integral to ensuring that stoves will be adopted. In order for maintenance and servicing to be carried out effectively, they must be decentralized and executed at a local level.

The retailers, whether they are entrepreneurs, self-help groups, rural retail chains like TKS or HKB, or part of an existing governmental or nongovernmental initiative, will need to provide maintenance and repairs services, as they already operate on the local level. Also, once the consumer purchases a stove from the retailer, a relationship is established and regular interaction may take place. Thus it may be easiest for consumers to go to the same place they bought their stoves for servicing. 
Maintenance and cleaning will need to be carried out primarily by the users in their homes, so the retailers will need to provide maintenance information and training to those who purchase the stoves from them. Repairs services should be provided by the retailers. Each improved cookstove could be sold with a warranty; under the warranty scheme, servicing by the retailer would be provided free of charge for a certain amount of time (perhaps the first one or two years). Manufacturers and local NGOs would partake in training the retailers in these activities.
Promotion by Women Leaders
A major challenge to successful adoption is that women have been cooking with the traditional chulha for generations. A behavior change like this is difficult when the behavior is such an ingrained habit and tradition. The role of women leaders, such as women representatives in the panchayat and women’s collectives, should not be overlooked. These women are in influential positions and can have a significant impact on the behaviors of women in their villages.
 
These women leaders should be educated by local NGOs about the advantages of improved cookstove use and encouraged to talk to the families about these benefits. Furthermore, perhaps these women leaders could be selected as the first adopters in the village. After they use the improved stoves and see the benefits firsthand, hopefully they would promote the improved cookstoves in their communities. These women leaders could even be given the stoves at a reduced cost (more reduced than the planned reductions for everyone else) or paid a small sum of cash in exchange for their active promotion of improved cookstove adoption among their communities.  
3.3.7 Recommendations for Financial Arrangements for Delivery 
As improved chulhas are too expensive for many families, financial assistance in some form is necessary. Financial mechanisms must be put in place to minimize the cost of stoves so that they are affordable for as many people as possible. Financial assistance for improved cookstoves should be considered an energy security expense, as these stoves will reduce the use of biomass.
Direct Subsidies on Capital Cost 
The program can consider implementing the following options:

Option 1: No direct subsidy 
In some past improved cook stove programs, too-large subsidies were detrimental to adoption and commercialization. Users who did not invest enough in the stove, did not value it and therefore did not make efforts to adopt it. Furthermore, if they did not have to pay for the stove previously, they would likely be unwilling to pay much for a stove once commercialization is underway. 
Several programs, including China’s NISP and Kenya’s ceramic Jiko stove program, have been successful without subsidies. In both China and Kenya, consumers paid full price for the improved cook stoves. In Kenya, stoves were initially too expensive and very few were purchased and adopted. However, as more companies started manufacturing stoves, competition led to innovations. Quality improved and costs decreased until the ceramic Jiko stoves became affordable. Hundreds of thousands of these stoves have been adopted in Kenya, and this initiative has influenced cook stove programs in thirty African countries.
 
Option 2: Continually decreasing subsidy 
Subsidies that continue to gradually decrease could make the stoves affordable for the poorer consumers while still allowing for commercialization over time. Ethiopia’s Cooking Efficiency Improvement and New Fuels Marketing Project (CEINFMP), which was carried out from 1989 to 1995 by the Ethiopian Energy Authority (EEA) and later the Ethiopian Rural Energy Development and Promotion Center (EREDPC), reduced the cost of stoves for users with small and continually decreasing subsidies. With these declining subsidies, commercialization of cook stoves was slowly and successfully implemented.

The same approach could be taken in India. MNRE, with funding from the Government of India, could implement a small, continually decreasing subsidy for consumers. Eventually, when commercialization of improved cook stoves is achieved and cook stoves are more affordable, the subsidy should be removed completely.
Natural draft and forced draft improved cook stoves cost approximately 1000 – 1500 INR and 2500 – 3000 INR respectively.
 Therefore, each stove will target a different economic class, and each should receive different levels of subsidies. Furthermore, households below poverty line (BPL) could receive additional subsidies (see Table 3.3 for the number of BPL and above poverty line (APL) households by state. The list includes urban households as well).).
In the last fiscal year (2008-2009), approximately 17,600 crore Indian rupees were spent on subsidizing LPG fuel, which is used mostly by the middle and upper classes. The current LPG subsidy does not discriminate based on income; everyone, including those who can afford the full unsubsidized cost of LPG, benefits from the subsidy. Yet the poorest classes do not benefit from any cooking subsidy, as they cannot afford the LPG stove or the subsidized cylinders. Thus money is spent to benefit the rich but not the poor. For the equivalent annual cost of the current LPG subsidy, the poorest households could benefit from a subsidized improved cook stove. Table 3.4 shows, under various subsidy scenarios, the cost of subsidizing a single stove and the number of improved cook stoves that can be disseminated for the equivalent cost of the current LPG subsidy. Subsidies are considered for both the capital cost of the stove and the interest of 18-month, 20% micro-credit loans to purchase the stove (see the next section, Micro-Credit, for more details). In many cases, all households can adopt an improved cook stove for less than the equivalent expenditure on the LPG subsidy.

Table 3.3. Number of households below poverty line (BPL) and above poverty line (APL) by state 

	 
State or Union Territory
	BPL
Households
	APL
Households

	Andaman and Nicobar Islands
	21200
	72600

	Andhra Pradesh
	2864400
	15264800

	Arunachal Pradesh
	40700
	190700

	Assam 
	1050300
	4281100

	Bihar
	6280700
	8890000

	Chandigarh
	18500
	241800

	Chhattisgarh
	1831800
	2647000

	Dadra and Nagar Haveli
	18800
	37800

	Daman and Diu
	5300
	45100

	Delhi
	472300
	2740900

	Goa
	45800
	286100

	Gujarat
	1782000
	8825000

	Haryana
	578900
	3556000

	Himachal Pradesh
	130500
	1174300

	Jammu and Kashmir
	92100
	1613500

	Jharkhand
	2124000
	3146400

	Karnataka
	2787700
	8363200

	Kerala
	1060000
	6006800

	Lakshadweep
	1900
	10100

	Madhya Pradesh
	4646800
	7485800

	Maharashtra
	6558000
	14803600

	Manipur
	69600
	332700

	Meghalaya
	83100
	366000

	Mizoram
	23800
	165300

	Nagaland
	66800
	284900

	Orissa
	3813500
	4405200

	Pondicherry
	55700
	192800

	Punjab
	393900
	4294900

	Rajasthan
	2295700
	8092200

	Sikkim
	24600
	97800

	Tamil Nadu
	3456100
	11904300

	Tripura
	134600
	577500

	Uttar Pradesh
	9424500
	19308800

	Uttarakhand
	695200
	1060400

	West Bengal
	4195000
	12788800


At the beginning of the program, subsidies should be kept simple, so one subsidy scheme should apply to all of India. However, as new stove designs are introduced, they will inevitably vary by region. Some regions may require more complex designs or more expensive materials than other regions, so the costs will not be uniform nationwide. Therefore, after a few years of initiation of the initiative, the subsidies must be tailored to each region. 
There should be an annual assessment of the subsidy, and the subsidy should be decreased by approximately 10 to 20% each year. There must be an exit strategy to eliminate the subsidy within a few years, so the declining rate must remain steady. The time frame for the subsidy changes and exit strategy should be publicly announced well in advance so that producers and consumers are not surprised by them.  Set dates for subsidy decreases will give the producers motivation to quickly come up with innovations that will reduce stove prices.
Subsidies on Fuel

Some improved cook stoves, such as First Energy’s Oorja stove, use pelletized biomass for fuel. These pellets cost five to seven rupees per kilogram.
 These stoves will sell most successfully in areas where people are already purchasing fuel (for example, if they live far from a forest or use LPG). However, these pellets are not affordable for poor households. Since other fuels, including cooking fuels such as LPG, are subsidized, perhaps pellets and other improved cookstove fuel should be subsidized as well.

A subsidy for pelletized biomass fuel similar to the subsidy for LPG (approximately 40%) would promote the development of an alternative technology that is a domestic renewable fuel rather than an imported fossil fuel. This subsidy could, over time, reduce government costs on LPG subsidies as households adopt a cleaner fuel with LPG-like service. The price of pellets for customers could potentially be less than the price of LPG, if the subsidy is structured wisely. Although it would be challenging to reduce the LPG subsidy under the current political situation, the cost of implementing the pellet subsidy would initially be relatively small in comparison. Because there are fewer uses for pelletized biomass, a subsidy for pellets is likely to be less ‘leaky’ than the subsidy for LPG. The pellet subsidy could be assessed regarding its effectiveness in reducing LPG consumption and increasing biomass consumption after several years.

Conditional Cash Transfer for Cookstove Use

In order to promote use of improved cookstoves, a conditional cash transfer scheme could be put into place. According to the World Bank, “Conditional Cash Transfer programs provide cash payments to poor households that meet certain behavioral requirements, generally related to children’s health care and education.”
 In Tamil Nadu, a conditional cash transfer program to keep girls in school has been successful. For every month a girl attends school, that girl’s family receives a cash payment. Families are paid because if girls are not in school, they could be earning money for their households.

For the cookstove initiative, a conditional cash transfer program would pay households a small amount (for instance, fifty rupees) for each month the stove is used. The hope is that with an incentive to actually use the improved cookstoves, families would become accustomed to and recognize the benefits of the new stove and therefore continue to use it after the conditional cash transfer program ends. However, monitoring equipment in each household would be required to track usage. This could be an expensive and challenging endeavor.
 Therefore, perhaps only the first adopters would be monitored. Hopefully, these households would enjoy the benefits of the improved cookstove and spread the word about these benefits to their neighbors and friends.

Indirect Tax Subsidies

Taxes, including excise duty and value-added tax (VAT), vary from state to state. These taxes can significantly increase the cost of an improved cook stove. For example, Bangalore-based SELCO sells improved cook stoves with a 15% total tax rate in Gujarat.
 In some places, total taxes can constitute up to 30% of the final cost.
 To reduce the final cost of improved cook stoves, MNRE should consider partially or fully subsidizing these taxes.
Micro-credit  

Subsidies and other mechanisms can only decrease the cost of cookstoves to a certain point. Many of the poorest consumers will still be unable to afford the cookstoves. Financial institutions, such as banks and microfinance institutions (MFIs), can provide financial assistance in the form of micro-credit loans to consumers who cannot afford to purchase the stoves on their own. Micro-credit loans might prove to be the most effective financing strategy for the poor. 

Micro-credit loans could also be provided to micro, small, and medium enterprises (MSMEs), entrepreneurs, and/or self-help groups for working capital to sell cookstoves. Self-help groups already have connections with nationalized banks, so they would be a good target for micro-credit loans. A detailed assessment of MFI across different states in India (see Table 3.5) indicates that there are a number of states, including Andhra Pradesh, Karnataka, Maharashtra, and Orissa, where the initiative can be taken forward with active support from MFIs.
In order to facilitate micro-credit loans, MNRE should establish connections with nationalized banks, commercial banks, and microfinance institutions. MNRE, as the catalyst for the PPP, should send an open invitation to all financial institutions to join the improved cook stove partnership. As members of the PPP, the financial institutions can collaborate with other stakeholders and partake in cook stove dissemination activities by providing financial services, such as micro-credit loans. If necessary, perhaps MNRE could provide bulk loans at low interest rates to the financial institutions who give micro-credit loans to improved cook stove consumers. Furthermore, MNRE could subsidize the interest on the micro-credit loan. For instance, if a villager owes 20% interest, MNRE could pay 15% so that the villager only needs to pay 5% (Table 3.4).

	Scenario Number
	% loan interest subsidized
	Natural Draft % capital subsidized/
Cost to subsidize one stove (INR)
	Forced Draft % capital subsidized/
Cost to subsidize one stove (INR)
	For equivalent of 1 year LPG subsidy

	For equivalent of 1.5 years of LPG subsidy
(1.5 years = loan period)

	
	
	
	
	#BPL HH
	#APL HH
	#HH not reached
	Remaining funds (crore INR)
	#BPL HH
	#APL HH
	#HH not reached
	Remaining funds (crore INR)

	
	 
	100%
	50%
	 
	 
	 
	 
	 
	 
	 
	 

	1
	N/A
	1250.00
	1375.00
	57143800
	76051091
	77503209
	 
	57143800
	140051091
	13503209
	 

	 
	
	80%
	40%
	 
	 
	 
	 
	 
	 
	 
	 

	2
	100%
	1040.53
	1367.51
	57143800
	85220618
	68333682
	 
	57143800
	149571148
	3983152
	 

	3
	80%
	1032.43
	1314.01
	57143800
	89043048
	64511252
	 
	57143800
	153554300
	 
	323

	4
	60%
	1024.32
	1260.51
	57143800
	93189963
	60364337
	 
	57143800
	153554300
	 
	1191

	5
	40%
	1016.21
	1207.00
	57143800
	97704513
	55849787
	 
	57143800
	153554300
	 
	2059

	6
	20%
	1008.11
	1153.50
	57143800
	102637853
	50916447
	 
	57143800
	153554300
	 
	2927

	7
	0%
	1000.00
	1100.00
	57143800
	108051091
	45503209
	 
	57143800
	153554300
	 
	3795

	 
	
	60%
	30%
	 
	 
	 
	 
	 
	 
	 
	 

	8
	100%
	831.06
	1137.10
	57143800
	113015930
	40538370
	 
	57143800
	153554300
	 
	4190

	9
	80%
	814.85
	1074.68
	57143800
	120442169
	33112131
	 
	57143800
	153554300
	 
	5242

	10
	60%
	798.64
	1012.26
	57143800
	128784260
	24770040
	 
	57143800
	153554300
	 
	6293

	11
	40%
	782.43
	949.84
	57143800
	138222758
	15331542
	 
	57143800
	153554300
	 
	7344

	12
	20%
	766.21
	887.42
	57143800
	148989022
	4565278
	 
	57143800
	153554300
	 
	8395

	13
	0%
	750.00
	825.00
	57143800
	153554300
	 
	646
	57143800
	153554300
	 
	9446

	 
	
	40%
	20%
	 
	 
	 
	 
	 
	 
	 
	 

	14
	100%
	621.60
	906.68
	57143800
	153554300
	 
	126
	57143800
	153554300
	 
	8926

	15
	80%
	597.28
	835.34
	57143800
	153554300
	 
	1360
	57143800
	153554300
	 
	10160

	16
	60%
	572.96
	764.01
	57143800
	153554300
	 
	2594
	57143800
	153554300
	 
	11394

	17
	40%
	548.64
	692.67
	57143800
	153554300
	 
	3829
	57143800
	153554300
	 
	12629

	18
	20%
	524.32
	621.34
	57143800
	153554300
	 
	5063
	57143800
	153554300
	 
	13863

	19
	0%
	500.00
	550.00
	57143800
	153554300
	 
	6297
	57143800
	153554300
	 
	15097

	 
	
	20%
	10%
	 
	 
	 
	 
	 
	 
	 
	 

	20
	100%
	412.13
	676.27
	57143800
	153554300
	 
	4861
	57143800
	153554300
	 
	13661

	21
	80%
	379.70
	596.01
	57143800
	153554300
	 
	6278
	57143800
	153554300
	 
	15078

	22
	60%
	347.28
	515.76
	57143800
	153554300
	 
	7696
	57143800
	153554300
	 
	16496

	23
	40%
	314.85
	435.51
	57143800
	153554300
	 
	9113
	57143800
	153554300
	 
	17913

	24
	20%
	282.43
	355.25
	57143800
	153554300
	 
	10531
	57143800
	153554300
	 
	19331

	25
	0%
	250.00
	275.00
	57143800
	153554300
	 
	11949
	57143800
	153554300
	 
	20749
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Table 3.5. Microfinance institutions by state
	 
	Financial Institutions

	State or Union Territory
	Total Number
	Per Lakh People

	Andaman and Nicobar Islands
	 
	

	Andhra Pradesh
	107
	0.1

	Arunachal Pradesh
	 
	

	Assam 
	39
	0.1

	Bihar
	67
	0.1

	Chandigarh
	 
	

	Chhattisgarh
	54
	0.3

	Dadra and Nagar Haveli
	 
	

	Daman and Diu
	 
	

	Delhi
	9
	0.1

	Goa
	 
	

	Gujarat
	 
	

	Haryana
	17
	0.1

	Himachal Pradesh
	 
	

	Jammu and Kashmir
	 
	

	Jharkhand
	56
	0.2

	Karnataka
	133
	0.3

	Kerala
	33
	0.1

	Lakshadweep
	 
	

	Madhya Pradesh
	73
	0.1

	Maharashtra
	120
	0.1

	Manipur
	3
	0.1

	Meghalaya
	1
	0.04

	Mizoram
	 
	

	Nagaland
	5
	0.3

	Orissa
	192
	0.5

	Pondicherry
	4
	1.8

	Punjab
	1
	0.004

	Rajasthan
	42
	0.1

	Sikkim
	 
	

	Tamil Nadu
	95
	0.2

	Tripura
	4
	0.1

	Uttar Pradesh
	61
	0.04

	Uttarakhand
	 
	

	West Bengal
	95
	0.1


3.4 Assessment of Biomass Processing Technologies
3.4.1 Background
A number of improved cookstove models are being used in different parts of the country. These models are classified into two broad categories (i) natural draft (ii) forced draft (new generation). While rural households mainly use fuelwood collected from nearby forests for meeting their cooking energy requirements, it has been observed that in order to achieve the best performance from improved cookstoves—both in terms of combustion efficiency and reduced emissions—the use of processed fuels is essential, especially in forced draft cookstoves.  
India has a vast variety of woody and agro based biomass residues that can be effectively utilized as cooking fuel by rural households. However, most of these types of biomass require processing in order to prove effective in end-use devices. Processing of biomass either requires compacting of loose biomass into pellets/briquettes or downsizing of bigger size woody biomass, like pruned branches of trees or agro-residues like stalks  using a simple cutter. The sizing of biomass is essential and amongst the most important components of a supply system of processed fuel. Due to the scattered nature of the biomass, their harvesting, collection and transportation present major challenges in establishing biomass supply processing chain.   
In India, the most common biomass residue processing technology being practiced is briquetting technology, in which a ram and piston press is used to manufacture briquettes of 40 mm diameter and above. The process of briquettes manufacture includes screening, drying, and pulverizing depending upon the type and quality of raw material. The cost of briquetted fuels for large-scale use is well justified in industrial and commercial sectors as replacement of coal or other commercial fuels. However, due to their size and high cost, briquettes are not an effective solution for household-level applications. 
The other biomass processing technology is pelletizing, where biomass is converted into pellets using smaller dies (less than 30 mm diameter). Biomass pellets can directly be used in the improved cook stoves or Chulhas. Pelletizing technology is very popular in Europe, but the Indian experience on pelletizing of agro-residues is very limited.
The group has done research on all these issues and has come up with the following set of recommendations for consideration. The detailed report with material and analysis which helped in arriving at these recommendations is given in Appendix F
3.4.2 Recommendations
The cookstove program for large-scale dissemination in rural household applications will need to combine the effects of two thrust areas: (1) technological improvements in the stoves and (2) establishment of an assured fuel supply chain. For the development of appropriate biomass processing technology and associated fuel supply system, the following recommendations are made:
a) An assessment of biomass and currently available processing technologies needs to be carried out.
b) There is an urgent need for research and development in technology innovation and adaptation  
c) Pilot demonstration and field testing of fuel processing unit should be carried out in selected regions in the country
d) Entrepreneur development is key to large scale deployment of the technology
3.4.2.1 Assessment of Biomass and its Processing Technologies  
It is proposed to carryout the assessment study in different regions in the country to determine current cooking prices, type and quantity of fuel used, cooking fuel expenditure, affordability and willingness to pay for processed fuels and general consumer behaviour etc. This type of assessment study would help in short-listing 2-3 regions in the country where first pilot demonstration of setting up fuel processing unit can be initiated. General data is available on the availability of biomass residues in India; but this data is rather old. An assessment study should be carried out for biomass and charcoal availability in the short listed regions. This study would help in gathering information about the type of biomass and charcoal available in the regions, quantity available, current usage, costs and their suitability in terms of physiochemical properties to make pellets. The information will help in focusing research and development studies on biomass and charcoal conversion technology and its adaptation specifically for these residues.
It is also recommended that the existing fuel supply chain experiences be documented highlighting the special features of the technology, its economic performance and challenges faced by these experiences. This would help in identifying the key barriers and drawing lessons to build and design the program.
3.4.2.2 Research and development in technology innovation and adaptation  
It is proposed to focus the research and development on two broad themes:
1. Development of decentralized biomass pelletizing machine 
Focused R&D is required for the development and adaptation of a biomass pelletizing machine for production of fuel pellets from available agro-residues. The major challenge is that India has very limited experience in pelletizing technology, while the European machines are generally of high capacity and are also mainly developed for sawdust; the use of agro-residues is limited. Hence, research should be carried out to develop/adapt pelletizing machines for locally available biomass residues, and also evolve standards for pellet-producing equipment. In particular, the R&D should aim in identifying appropriate existing pelletizing and briquetting technology and up-gradation of the machines suitable for rural operation, in a capacity range of 100–200 kg/h with low input electricity consumption. This work can be done in technology collaboration mode involving existing equipment manufacturers, research institutes & technical experts.
2. Development of efficient charcoal production system
Biomass can also be used to produce charcoal, a cleaner cooking fuel. Charcoal production is practiced in many parts of the country as a livelihood option, but through the use of traditional inefficient kilns. It is recommended that R&D be carried out to develop an efficient closed loop decentralized charcoal-making unit based on agricultural residues. Further the char can be easily briquetted and utilized in appropriate cooking devices. Subsequently, stoves must be used to conduct detailed studies on the combustion characteristics/performances of these fuels including their physiochemical properties and emission levels measured as per the standard protocol.
3.4.2.3 Pilot demonstration and field testing of fuel processing unit
The technologies that evolve from the R&D work on biomass processing should be pilot tested for actual field operation by installing a few machines/systems in different regions/villages and studying their performances. The detailed techno-economic performance of these machines should be assessed and based on the learnings from the demonstration phase; these machines/systems can further be improved, upgraded and eventually up-scaled for installation in other regions/villages. 
3.4.2.4 Entrepreneur development and large-scale deployment of the technology
It is envisaged to involve community in planning, implementation and management of biomass processing system to supply the processed fuels at affordable price to the rural households. It is suggested that MNRE should explore the possibility of linkage with NREGA (National Rural Employment Guarantee Act) for production, collection and processing of biomass in rural areas that achieves twin objectives of rural development and employment. This would help in reducing the production cost of fuel processing and making the processed fuel cost-effective to the end users. The unit can be operated as a business unit by the village panchayats or as a franchise leased out to an NGO or a Self Help Group (SHG). The unit will have to collect the biomass from the community and supply the processed biomass as per the cost structure determined by the Panchayat. 
Women should be central to such a rural energy initiative. They have traditionally been managing local resources such as fuelwood, cow dung and water. With adequate training, biomass-processing unit can provide a unique opportunity for women to organize and plan for processed biomass production, to manage energy enterprises and own them particularly for meeting the energy needs for cooking. This can significantly improve the quality of life of women in villages.  
Another issue which will have to be addressed is the diversion of processed fuel to other end-uses particularly industrial activity. The industrial use is also likely to raise the selling price of processed fuel adversely affecting its use for domestic purposes. This problem would need local solutions with the help of village panchayats. Here women’s groups can play an important role to ensure supply of fuel for domestic cooking first and supply of only surplus for industrial use.

3.5 Recommendations for Work on Community Stoves
While many issues pertaining to domestic stoves are also relevant for community stoves, there are also some differences particularly in clientele which calls for some differences in approach while dealing with community cookstoves. These have been highlighted below.
3.5.1 Community Stoves Vs Domestic Stoves
The foremost difference between domestic and community stoves which has called for a separate treatment for the latter is the difference in the users. The costumers for these stoves are either rural/semi-urban restaurants or hostels, places of worship, residential monasteries or ashrams, caterers, suppliers of mid-day meals for schools etc. The customers falling in the category of private parties are expected to purchase an improved stove, while the government-run organizations can get governmental support for replacing their original inefficient devices with the new, more efficient ones.  For private parties, the stove can be an attractive investment if they can save fuel cost substantially due to their better efficiency. Even other organizations are willing to pay for improved devices if they lead to increased convenience. Thus, the strategies adopted for deployment of community stoves can be very different from the domestic ones. If the stove performs well resulting in fuel saving as well as reduction in emissions coupled with ease of operation, it is likely to be adopted by the users and hence the market forces can be used effectively. On the other hand, the acceptance of domestic stoves is a much more complex issues due to cultural aspects, no financial earnings from the stove and hence initial cost playing a very major role, mind-set of the women in switching to something new, decision making power resting with men, in many situations, not giving much importance to need for a good stove etc.  
In the domestic stoves, the variability of fuel can be quite high while in community stoves, the fuel is generally purchased in lots and hence the variability is likely to be much less. The use of the community stove will be for much longer time at a stretch as compared to the domestic stoves which have much shorter cooking cycles. This results in more uniform performance of the community stoves as compared to the domestic stoves and hence easier acceptability and better impact.
While these differences pose advantages in dissemination of community stoves over the domestic stoves, there are also several issues, some of them common to domestic stoves which need to be addressed.
3.5.2 Important Issues to be Addressed in Community Stoves
1. The community stoves are being built and propagated by many organizations in the country. Just like the domestic stoves, they are different from each other in terms of the form of the fuel they use – big logs, small twigs, processed fuel (briquettes or chopped wood) or powdery biomass; they may be forced draught or natural draught based; they may be fixed or portable etc.  However, there are no protocols available for testing of these stoves to compare them on any common platform. There is a need for such protocols to be evolved for different types of community stoves – for lab testing as well as field testing. This should include thermal performance as well as emissions testing. The current BIS standards specify the volume of water used for water boiling tests on large sized stoves. However, this test does not test the stove for low power and does not account for the impact on refueling rate on the stove performance. Thus, for generating reliable and repeatable numbers corresponding to performance of these stoves, there is a need for evolving protocols as was suggested for the domestic stoves.
2. With evolution of protocols, there is also a need to set up facilities for certification of these stoves. Many of these stoves are custom-made and are also made in situ. In small testing facilities, it may be difficult to build stoves of large sizes. Unless a stove has a standardized process of manufacturing at least of the critical parts, every stove may require certification, since any small change in dimensions of the critical parts can strongly affect the performance. Thus, testing facilities envisaged must take into account these aspects. 
3. The standards for acceptable level of emissions for stoves with chimney can be taken to be those applicable for industrial furnaces of similar power ratings. The emission standards for stoves without chimney can also be similar to those in industrial environments of similar scales of operation.
4. Development of community stoves also requires R&D, like domestic stoves. Thus, in the plan for capacity building for R&D, the community stoves component must also be considered. 
5. The technical support centres recommended for domestic stoves can be used even more effectively for improvement in the design of community stoves, since the community stove manufacturers may be in a position to make the necessary investment for the purpose.  
6. The fuel supply also needs to be considered. The size of the fuel pieces required for community stoves is generally much larger than that for the domestic stoves. Thus, the fuel supply chain may be different for the two kinds of stoves. Moreover, the community stoves will have to compete with boilers and other industrial furnaces for fuel. However, due to large requirements in the fuel, setting up a decentralized fuel processing unit and supply chain may be easier for community stoves.
7. Dissemination strategies for these stoves would be quite different from domestic stoves as discussed earlier. There is a need for identifying several business models which can work for different organizations using the community stoves.
3.5.3 Long Term Vs Short Term Plan
The issues enumerated above have to be largely addressed in a long term work plan. However, if a pilot programme has to be taken up, it has to adopt a short term approach which is not in conflict with the long term one. In this regard it is advantageous to develop different strategies for different categories of users. 
Mid-day Meal Schools
One important category of users of biomass stoves are government schools in villages and suburban areas serving mid-day meals to children. Since the mid-day meal scheme is supported by the government, intervention of these schools for introducing improved stoves can be taken up by the government on a priority basis. To develop effective strategies for deployment of improved community stoves in these schools, a sample survey was undertaken of selected states covering different zones of the country. The objective of the survey was to determine the current cooking practices in these mid-day meal schools and also ascertain their willingness to switch to the improved devices. The survey was conducted by M/s Feedback Business Consulting Services Pvt. Ltd. The important findings from the surveys are presented in Appendix B5.
The survey  has indicated a high potential for deployment of improved stoves for mid-day meal cooking. Currently most of the village schools/agencies cooking mid-day meals, which have been covered by the survey, use handmade chulhas similar to three stone fires with purchased firewood. In UP about 55% of the schools perceive the need to switch to an improved cooking device, while in AP 100% of the schools surveyed are dissatisfied with the current cooking device. However, even in AP only 80% of the schools surveyed are willing to shift to an improved cookstove and only if there is government support. In UP, 80% of the schools have indicated willingness to adopt the new device with government support.
Thus, the survey shows that immediate steps can be taken by the government to cater to this need. In this regard, first question which needs to be addressed is the selection of a community stove from a range of products available from different manufacturers for pilot dissemination in some of these schools.
 At the outset, it may seem that the right way is to carry out the testing of these stoves to select the most suitable stove. However, it must be noted that in the absence of testing protocols for different kinds of stoves, such an exercise will not result which can be compared for different stoves. Instead, for mid-day meal cooking, the available community stoves need to be categorized based on the kind of fuel they use and the kind of food for which they are claimed to be best suited by the manufacturer. A match between the regional needs and the stove category can help in the selection of a suitable device for a given region. Accordingly, a few of these stoves can be given for trials in some schools in that region and monitored closely for 1-2 months. Acceptability by the user at the pilot stage can lead to adopting a suitable strategy for ensuring long term use of the fuel by the schools. Since the government is giving them grant for the fuel, the amount of the grant can be reduced in proportion to the expected fuel savings from the stove. This would encourage them to use the stoves. It may be desirable to make them pay for the stove partly after the demonstration so that they value the device.
Other Community Stove Users
Different strategies may need to be adopted for promotion of community stoves among different users. The following steps may be adopted for taking up the pilot dissemination work among other users..
· Categorising the stoves based on the kind of fuel they use and the kind of food for which they are claimed to be best suited by the manufacturer.
· Identifying regions where the current manufacturers of community stoves have not reached so far. Identifying the fuel available in these regions and the kind of food for which the stove is likely to be used. 
· Mapping the stove categories with the regions depending on the food to be cooked and the fuel available.
· More than one kind of stove can be given for trials in different organizations/restaurants in a region. One kind of stove should be given to at least 2-3 places in a block for comparative assessment. The private parties must be required to pay for at least 20-25% of the cost of the stove for the trial run while the government can bear the cost of the stove for the government supported organisations
· Close monitoring of the same should be carried out by a monitoring and evaluation (M&E) team designated for this purpose. The task should be given to an independent organization. The monitoring would involve data collection through logbooks given to the user and sample measurements by the M&E team. The team must make at least one visit per week to assess the extent of usage of the stove and its acceptance. The trial period can be one to two months, at the end of which the data collected needs to be analyzed.
· If the private parties want to use the stove even after the trial run, they must be asked to pay for the remaining cost of the stove. 
· Based on the results of this phase, the next phase of dissemination can be planned. In the meantime the plan for the long term tasks at hand can also be firmed up and the next phase of dissemination can be linked to the long term plan.
Part B: Programme Management and Evaluation Strategies
For a programme of national scale to be effective, the management aspects of the programme are as important as the actual constituents of the programme. In this context, there are some lessons to be learned from the past, where certain management strategies did not work very effectively and some learning has to come from other examples where the management strategies have been successful. 
At the outset, it is important to recognize that a programme of such a large magnitude can be effectively handled through participation from various parties and stakeholders – from the government, academia, research institutes, private players including small and big entrepreneurs. As has been discussed in Part A, the proposed constituents of the programme would require involvement of all parties. Similarly, it is proposed that a public private partnership be at the core of strategies to be adopted for management of such a programme. Specific recommendations regarding the same are discussed in subsequent sections.
3.6 Recommendations for a Public Private Partnership
3.6.1 Purpose
A public-private partnership (PPP) would promote collaboration among all stakeholders on the improved cookstove initiative while allowing MNRE to take a hands-off facilitative approach. Members of the partnership could take advantage of each others’ expertise, resources, and activities to more effectively and efficiently disseminate cookstoves at an affordable price to remote rural areas of India. For example, a manufacturer, or technology provider, could seek out and work together with financial institutions (such as commercialized banks, nationalized banks, multilateral development banks, regional development banks, and microfinance institutions), delivery services providers (such as agricultural retail stores or other existing supply chains), and local governments in order to reduce the cost of their stoves for consumers and gain access to hard-to-reach villages through existing distribution channels. Managing the program through a PPP would allow for facilitation of cooperation and collaboration of all players in every component of the program. 

3.6.2 Organizational Structure

To devise a partnership structure for the improved cookstove initiative, the United Nations Economic Commission for Europe’s Guidebook on Promoting Good Governance in Public-Private Partnerships
  was consulted and successful partnerships including the Central American Handwashing Initiative,
  Global Public-Private Partnership for Handwashing with Soap,
 and the Methane to Markets Partnership
,
,
 were considered as models, and input was garnered from the cookstove community at the “Consultative Meeting on Recommendations for the New Cookstove Initiative,” held on 22-23 March 2010 at IIT Delhi.

The PPP needs to be established by an initiating agency, comprised of a network of stakeholders, and led by a governing council. An administrative support group would be required to conduct administrative tasks to ensure smooth operation of the partnership, and an advisory board would provide guidance to the governing council. A CEO and project management unit (PMU) would facilitate project implementation. Subgroups with different areas of expertise would give input to the administrative support group, advisory board, and project management unit. See the organizational flow chart in Figure 3.2.

Initiating Agency: The initiating agency, which in this case is MNRE, would launch the PPP. Responsibilities of the initiating agency include:
· Establishing and clearly articulating goals of the initiative and purposes of the partnership

· Announcing the formation of the partnership 

· Publicizing an open invitation to join the partnership that clearly articulates the benefits of joining 

· Setting up the Governing Council, Administrative Support Group, Advisory Board, Project Management Unit, and subgroups

· Fostering a sense that the partnership belongs to each and every partner, not solely to the initiating agency
Once the partnership is fully established and operating under the Governing Council, the initiating agency, MNRE, will act as a leading member of the Governing Council and the key Government of India partner. 

Governing Council: The Governing Council leads the PPP. Public members of the Governing Council could include representatives of MNRE, the Planning Commission, the Ministries of Finance, Rural Development, and Health, and the Central Pollution Control Board. Private members of the committee would comprise representatives from a trade association of cookstove manufacturers (such a trade association must first be established), academic and research institutions, leading NGOs, and financial institutions on a rotational basis. Additional members can be added as necessary in different stages of the initiative. The representative of MNRE would act as the chair.  The committee would meet regularly throughout the year via electronic media such as teleconferences and video conferences, with at least one in-person meeting per year. Responsibilities of the Governing Council include:

· Governing the partnership by formulating policies and procedures

· Devising target-setting process and creating short-term, intermediate, and long-term targets

· Ensuring the partnership stays focused on its goals

· Reviewing the progress and effectiveness of every aspect of the initiative on a quarterly basis through a rigorous monitoring and evaluation framework and making modifications to the initiative as necessary

Administrative Support Group: The Administrative Support Group would take care of the administrative tasks of the partnership and work closely with the Governing Council and CEO of the Project Management Unit. It is suggested that members of the Administrative Support Group should not be affiliated with any specific stakeholder and be employed full-time by the PPP. Responsibilities include:

· Coordinating communications between committees and subgroups

· Organizing meetings, activities, and events

· Managing public relations and publicity/advertising

· Processing membership

· Maintaining website and databases

· Publishing newsletters and other information

· Other administrative tasks, as instructed by the Governing Council

Advisory Board: It is suggested that an Advisory Board should provide guidance and advice to the Governing Council and CEO of the Project Management Unit. The Advisory Board would consist of a group of experts in different areas (technology, dissemination, finance, etc) and be led by a Chief Program Advisor. In order to avoid conflict of interest, these experts should be independent consultants who are not currently involved in any cookstove projects in India. The responsibilities of the Advisory Board could include:

· Introducing procedures for consultation

· Garnering knowledge and recommendations from the Subgroups on both the issues related to the Subgroups’ areas of expertise and regional issues

· Providing guidance based on Subgroups’ recommendations to the Governing Council 

CEO and Project Management Unit (PMU): The CEO would lead the execution of the initiative, with the PMU translating policy into implementation. Responsibilities of the CEO and PMU include:

· Engaging partnership members from government agencies, non-governmental organizations, banks and financial institutions, research and academic institutions, technology providers, and delivery service providers

· Identifying opportunities for implementation of cookstove dissemination (including selecting targeted areas)

· Identifying issues and barriers unique to various regions and suggesting solutions to address them, based on input from partnership members through the subgroups

· Facilitating communication between stakeholders/partnership members 

· Developing action plans that involve collaboration between stakeholders/partnership members

· Facilitating market assessment, demand generation activities, and financing opportunities

· Assigning subsidies and who issues subsidies on a case-by-case basis

· Reporting activities and progress to Governing Council 

Subgroups:  Four subgroups would focus on different areas of the initiative and be broken into the Financing Subgroup, Technical Subgroup, Sales and Distribution Subgroup, and Monitoring and Evaluation Subgroup. Other subgroups can be added by the Governing Council as it sees fit. All partnership members would be allowed and encouraged to participate in the four subgroups, which are proposed to be led by two Co-Chairs, one from the public sector and one from the private sector. The chairs would be selected by the subgroup participants. The subgroups would meet regularly via electronic media such as teleconferences and video conferences, and decisions would be made by consensus. Responsibilities of the subgroups include:

· Providing guidance and recommendations to the Advisory Board on their respective areas of expertise

· Communicating with the Administrative Support Group in order to accomplish necessary administrative tasks

· Participating in implementation activities through the Project Management Unit, including contributing regional and issue-specific expertise

· Financing Subgroup—focusing on financial incentives, subsidies, tax credits, micro-credit loans, carbon credits, Clean Development Mechanism, etc

· Technical Subgroup—focusing on performance standards, testing procedures, cookstove certification, R&D.

· Sales and Distribution Subgroup—focusing on marketing, selling cookstoves, distribution channels, accessing remote rural areas, means to ensure adoption

· Monitoring and Evaluation Subgroup—focusing on project monitoring, evaluation of projects, and accountability

Network of Partnership Members: The network acts as an informal system to facilitate dialogue and collaboration among stakeholders involved in improved cookstove dissemination and to share essential knowledge and expertise with the implementers of the initiative. Membership in the network would be free and open to everyone, and participation in the partnership is voluntary. To join the partnership, a prospective member would have to sign a Memorandum of Understanding. When joining, a prospective member would indicate the group to which it wants to belong (government, civil society, financial institutions, research and academic institutions, technology providers, or delivery service providers). Regardless of group, each member can communicate with all members in the network. Benefits of joining include:

· Networking and making connections with other partnership members for potential collaboration on cookstove dissemination efforts

· Identifying project and business opportunities

· Staying informed about dissemination activities through subcommittee meetings, workshops, other partnership events, newsletters, forums, listservs, partnership website

· Gaining access to online databases, including but not limited to ongoing and completed project sites, available biomass by type and location, and information about each partnership member, etc.

· Receiving recognition for accomplishments in partnership publications, thereby boosting reputation

Responsibilities of membership include:

· Participating in subgroup meetings

· Contributing to subgroup activities

· Providing knowledge and understanding on regional issues and different areas of expertise

· Implementing projects with the guidance of the project management unit and collaborating with other partnership members

While fulfilling the responsibilities of each member would be voluntary, a member would gain more from the partnership if it participated as much as possible.
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Figure 3.2. Organizational structure of the public-private partnership
Figure 3.2 : Organizational Structure
3.7 Funding
The funds for this programme would be required at various levels and in different forms. It may be pertinent to look at the fnd requirement for various components of the programme
3.7.1 Funding for the Contest
As discussed in section 3.1,  competition with specific design goals and attractive prizes could stimulate innovation. It has also been mentioned that China recently held a technology competition as part of its new cook stove program. China’s Association for Rural Energy Industry (CAREI) partnered with the Shell Foundation, Shell China, and the Center for Entrepreneurship in International Health and Development (CEIHD) at University of California, Berkeley to widely and quickly disseminate improved cook stoves. The Shell Foundation provided the funding for the stove design competition. The awards for this competition were cash prizes and publicity. A group of domestic and international experts formulated criteria for the winning stove enterprises concentrating on energy efficiency, ease of use, durability of the stove, emissions, and enterprise management. The stoves entered into the competition were tested according to standard procedures in a special testing facility. The tests evaluated emissions, carbon monoxide concentrations, combustion efficiency, and thermal efficiency. Manufacturing facilities were inspected as well. Independent experts carried out these assessments of product performance and manufacturing processes.
 This award program will be repeated in order to continue encouraging innovation and raising awareness about the benefits of improved cook stoves.
 The winners receive access to capital, management training, and business development support, as well as publicity for their products through China and abroad.

Cash Bonus for Exceptional Design
As an incentive for manufacturers to innovate, MNRE could provide a cash prize for cook stove designs that perform way beyond the established standards. For example, Nepal’s Biogas Support Programme (BSP), which began in July 1992, utilized financial incentives by rewarding manufacturers whose products met certain quality and durability criteria with a cash bonus.
 
The PPP’s Steering Committee, with the guidance of the Technology and Financing Subgroups of the Advisory Board, could set the criteria for receiving the cash bonus. The certified testing facilities would decide whether or not stoves met these exceptional criteria. The funding for the cash bonus could come from MNRE or a development bank belonging to the PPP.
3.7.2 Funding for Technical Work 
It is proposed that the government or the catalyst (discussed in section 3.5) should invite proposals for R&D and setting up testing facilities through open RFPs to provide grants to research institutions, academic institutions, and companies developing improved cook stove designs. These proposals must be considered in tandem by a single committee which could consist of members from the Steering Committee and the advisory group. The regional subcommittees may be involved for proposals regarding setting up of test facilities. 
It is envisaged that the proposals invited would cover a wide spectrum of issues related to stoves and hence it is suggested that funding for the programme should come from various ministries apart from MNRE, e.g., Min of Health, Min of Environment and Forests, Min of Rural Development, Min of Small and Medium Enterprises, Min of Science and Technology, Min of Social Welfare, etc. Once the proposals are put together and the funding requirements are clear, the proposals relevant to different ministries must be identified. The funding process must be coordinated between different ministries overseen by the Steering Committee. 
The PPP’s Steering Committee, with the guidance of the Technology and Financing Subgroups of the Advisory Board, could come up with the grant procedures, including criteria, applications, and awarding money. For setting up field testing centres, the Regional Subcommittees could receive applications and award grants within their regions according to the Steering Committee’s procedures. The Steering Committee would need to take conflict of interest into consideration when drafting procedures, as several organizations applying for grants might participate in the Regional Subcommittee. The funding for these grants should come from MNRE and development banks belonging to the PPP. 

Once the projects are funded and come to execution stage, they must be coordinated by the coordinating sub-committee of the Steering Committee. 
3.7.3 Funding for Dissemination
For Scaling Up Production
A difficult challenge for the cook stove initiative is mass production. Any combination of the following options could be utilized to encourage scaling up production of improved cook stoves.
Option 1: Performance-based advance subsidy
MNRE could provide performance-based advance subsidies. If a manufacturer or technology provider increases production of improved cook stoves by a certain percentage, then they would receive an advance subsidy payment from MNRE. For example, in Nepal, BSP introduced the advance subsidy against bank guarantees in the 2005-2006 fiscal year. In order to receive the advance subsidy payment, a company must increase plant production by twenty percent.
 Companies unable to submit bank guarantees could take advantage of a working capital revolving fund; these companies receive credit when they purchase components for biogas plants.

The Governing Council would consult with the Technology and Financing Subgroups to establish the production criteria required to earn an advance subsidy. The Project Management Unit would determine if a manufacturer met these criteria. The funding for the advance subsidy would come from MNRE or a development bank. 
Option 2: Production tax credit 
MNRE and the partnership could implement production tax credits in order to support mass production. Production tax credits have bolstered the wind energy sector in the United States. For every kilowatt-hour of electricity produced, wind energy companies receive a US$0.021 credit towards their income taxes. Because some companies do not earn enough income for this tax credit to be much of an incentive, this credit can be exchanged for a grant of up to thirty percent of the property value instead.
 
The improved cook stove PPP could implement a similar production tax credit scheme. For instance, for every certain number of stoves produced, a manufacturing company could receive a certain amount of tax credit or choose to take a grant of up to a certain percentage of the manufacturing facility’s property value instead. The PPP’s Governing Council would determine the value of the production tax credit.
Option 3: Advance market commitment and government procurement 
An advance market commitment from the government would ensure a market for manufacturers’ products. MNRE and/or another government partner could commit to purchasing a large number of stoves (perhaps one million) and then disseminate the stoves themselves through various existing government channels and programs. This advance market commitment would motivate manufacturers to scale up production, because they would have a guaranteed buyer.

The government could request bids from the private sector for large purchases of cookstoves (at least several lakhs and potentially several crores after some time) to be distributed via the various programs mentioned earlier in section 3.3.5. The stoves to be selected must meet rigorous quality, performance, and cost standards and criteria. If several stoves meet these requirements, then targeted households could have choices in which stoves they prefer. Households’ preferences would give useful information for future stove designs.
Additionally, the government could procure cookstoves for its own operations. This is a relatively common practice to reduce costs and drive technology development. For instance, some governments procure energy-efficient vehicles for their operations. Some good possibilities for procurement of cookstoves for government operations include Indian Railways, Aganwadi Centres, the Indian Army, and schools that are part of the midday meal campaign.

Clean Development Mechanism and Carbon Credits
In addition to subsidies and incentives for manufacturers, the Clean Development Mechanism (CDM) and carbon credits should be considered for financing. Improved cookstoves are an up-and-coming application of CDM because they are relatively simple and have a relatively quick payback period.
 CDM projects encourage cooperation among government agencies, private companies, and academia; such cooperation is critical to the success of a cook stove initiative and the PPP.  
In Ningxia Province, China, a CDM project executed jointly by Ningxia Fenlian Co. Ltd. and the Environmental Center of Tsinghua University is distributing 120,000 solar cookers to rural agrarian families. Because this project is expected to save 1.2 million metric tons of coal over ten years of implementation, it was eligible for CDM funding.
, 
 Similarly, the potential fuelwood and carbon emission savings should qualify MNRE’s cook stove initiative for CDM funding. These potential savings must first be calculated and a robust monitoring and evaluation process that will feed into a comprehensive database must be established. 
Carbon credits would encourage private sector participation. In Yanqing County, China in 2007, the Camco Group and Pioneer Carbon, cooperating with the county government, took advantage of carbon financing to disseminate one million Daxu stoves within three years, thereby removing twenty eight million metric tons of carbon emissions during the first five years. The Camco Group and Pioneer Carbon have the rights to the carbon credits, and they use these credits to minimize the retail cost of the Daxu stoves.
 
If MNRE and the PPP decide to pursue CDM and carbon trading, the Governing Council with the help of the Financing Subgroup could put together a task force to calculate the potential carbon savings, prove additionality, set up monitoring and evaluation procedures and an accompanying database, and apply to the Designated National Authority and CDM Executive Board for approval and registration. The money earned from selling Carbon Emissions Reduction certificates could be used to fund any combination of the financial incentives mentioned in this document.
Revolving Fund
A revolving fund could be established to fund various dissemination activities, including awareness raising, education of users, training of retailers, etc. The fund could be set up as a collaborative effort by members of the PPP. If necessary, the Governing Council or Project Management Unit, with the help of the Financing Subgroup, could establish a task force to institute the revolving fund. The initial seeding for the revolving fund could be provided by nationalized and commercial banks and the various stakeholders could take out loans for dissemination activities. Stakeholders should be required to be members of the partnership network in order to take out a loan. 
The revolving fund could also play an important role for CDM. No financing or CERs from CDM are received for the first year after registration. The revolving fund could fill this gap and finance CDM-related activities such as monitoring and evaluation. Once CDM funding comes in after the first year, the revolving fund can be paid back.
 
It should not be expected that the revolving fund will receive much return in the beginning. It may take some time for the improved cookstove industry to mature and for manufacturers and retailers to accrue enough profit to pay back the revolving fund.

3.8 Monitoring and Evaluation
It is desirable to distinguish between monitoring and evaluation of the programme as a whole and that of individual constituents. In particular, the monitoring of the contest, the R&D activities, the testing aspects, dissemination of the stoves in any region, the fuel supply – each of these components would require micro-monitoring of every project at a very close level. The kind of monitoring required would also vary from component to component. For example, the progress of R&D activities would be gauged through presentations and consultations and through visit of these facilities. However, the success of dissemination activities can be gauged essentially through field visits and field level monitoring. In view of this, it is important that parameters required for monitoring the individual constituents as well as the programme as a whole be clearly identified by the steering committee and the advisory group. Subsequently, monitoring teams can be identified at various levels and the periodicity of monitoring of every component and the programme can also be decided. 
It also has to be recognized that finally the success of the programme should be visible in greater usage of the stoves and in positive health impacts. So, the field level monitoring would form a very crucial part of the overall monitoring exercise. In this context some recent developments have made the process easier as given below.
The microchip and personal computer revolutions are offering cost-effective ways to monitor and evaluate programs covering millions of households.  Such small, smart, fast, and cheap monitoring is crucial for modifying programs to optimize effectiveness as well as demonstrating benefits to funders.  Such devices include an inexpensive particle and temperature monitor based on smoke alarm technology (PATS), which is used to monitor indoor air pollution levels before and after introduction of improved stoves and an ultrasound-based time-activity monitor (TAMS), which is used to document behavior, for example, changes in cooking patterns when improved stoves are introduced.  For large-scale introductions of stove, the most promising device is the stove-use monitoring system (SUMS) that measures and records stove usage with a small non-intrusive datalogging temperature monitor, which is now being linked to cell phone networks.  Not only does the SUMS allow verification of usage, but it also facilitates understanding of adoption patterns, e.g. what kind of households are more likely to adopt, which not, and why.  In addition, by providing a measure of monthly usage, it makes possible the application of conditional cash transfer methods to promote effective dissemination
. 
3.9 Roles of the Major Stakeholders
In order to effectively fulfill the above requirements of a cook stove initiative, each stakeholder must understand its role in the program. The major stakeholders are , Ministry of New and Renewable Energy (MNRE), manufacturers, retailers, marketing company, financial institutions, and local NGOs. The potential roles for the stakeholders are summarized in Table 3.6.
3.9.1 Ministry of New and Renewable Energy 

As the government ministry taking the lead on improved cook stove dissemination, the Ministry of New and Renewable Energy (MNRE) must initiate and regulate the cook stove program by playing a catalyzing role and putting in place mechanisms that would facilitate the initiative’s progress. Necessary tasks include establishing a common vision for the stakeholders, setting chulha performance standards, facilitating marketing and education, selecting targeted areas, implementing financial mechanisms such as incentives or subsidies, and creating a framework for monitoring and evaluation. 

As the Catalyst of the PPP, MNRE needs to establish a common vision with shared objectives for all the stakeholders to follow. If shared objectives are not established, the cook stove initiative may not be carried out as effectively. In order to avoid these issues, each stakeholder must have the same understanding of the program goals, even though each may have its own additional objectives (for instance, a manufacturing company may have its own goal to beat out the competition as the number one stove producer).  MNRE must publicize the mission to the stakeholders through press releases, newsletters, documents on its website, and letters/emails to known stakeholders. Communication between MNRE and the stakeholders is essential in determining and working together toward these objectives. This communication can be carried out through a public-private partnership, which is discussed earlier in this document.

Table 3.6  Roles of stakeholders in a new improved chulha initiative
	STAKEHOLDER
	ROLES

	MNRE
	· Establish a common vision for all stakeholders
· Set cook stove performance standards and testing procedures
· Facilitate marketing and education
· Select targeted areas
· Implement financial mechanisms
· Create a framework for monitoring and evaluation

	Manufacturers
	· Produce affordable, user-friendly stoves that reduce fuel consumption, smoke, and cooking time
· Research and development that focuses on cooking needs
· Create distribution channels or take advantage of existing networks
· Create technical training programs for retailers and users

	Testing Agencies
	· Follow MNRE procedures to seek accreditation
· Carry out tests to determine if stoves meet performance standards

	Retailers
	· Sell improved chulhas to village households
· Market stoves through demonstrations in villages
· Educate users on proper operation and maintenance
· Repair and service stoves that do not function properly

	Financial Institutions
	· Provide micro-credit loans to users
· Provide business and accounting training to retailers

	Local NGOs
	· Assist manufacturers in assessment of cooking needs
· Select village retailers
· Provide training to retailers
· Assist in marketing and demonstrations in villages


In order to ensure quality of the stoves, MNRE must set and enforce chulha performance standards and testing procedures. For a stove to qualify for the program, it should meet certain fuel consumption and emissions requirements.

MNRE must facilitate demand generation for market development through a vast awareness campaign.
 MNRE may be able to provide funds for the publicity and hire a marketing company to execute a mass media campaign (television, radio, print, etc.). Furthermore, through the PPP, MNRE may be able to arrange with other government agencies to grant the marketers access to government channels in order to extend the reach of awareness efforts. See Recommendations for a mass awareness and promotional campaign, a more detailed section on marketing, above.
The new cook stove initiative should start with targeted communities that are best prepared to carry out a successful cook stove program. These targeted areas can serve as pilot programs, and the PPP’s Steering Committee and Regional Subcommittees, with the leadership of MNRE, should select these communities based on the criteria mentioned above in Key Elements of Improved Chulha Dissemination. See Recommendations for initial focus of the delivery programme above for more details on selecting targeted areas.
MNRE should put into place a series of financial incentives for manufacturers that would promote research and development and mass production and/or subsidies for the user. A variety of options are given in Recommendations for financial arrangements for delivery above, and MNRE should choose which financial mechanisms to implement from among these options. Micro-credit loans are the most important means to enable poor consumers to purchase improved chulhas, so MNRE should establish links with financial institutions, including commercial banks, nationalized banks, and microfinance institutions, that operate in each state. MNRE and these financial institutions can work together through the public-private partnership as discussed in section 3.6.
Lastly, MNRE could create a framework for monitoring and evaluation of the cook stove initiative to ensure that stakeholders are effectively fulfilling their roles and those stoves are actually being adopted and used. However, an uninvolved third party should carry out the evaluations. 
3.9.2  Manufacturers
The manufacturers’ primary role is to produce affordable, user-friendly stoves that reduce fuel consumption, emissions, and cooking time. As part of the research and development, the manufacturers should assess the cooking needs of various communities so that they can design appropriate stoves. 
Many users are more concerned with cooking time and fuel consumption than with health impacts.
 Therefore, when designing the fuel inputs, manufacturers should consider the time constraints and be careful not to add any work. Some stoves, such as those used in Kenya’s improved cook stove program, may require women to cut pieces of fuelwood into small pieces. However, this may be time-consuming and some women may not have the appropriate tools. In Kenya, many women did not adopt these stoves because of the additional work.

The manufacturers must also distribute and sell the stoves to the retailers. Distribution strategies will vary depending on who the retailers are (see the section Retailers, above), but the manufacturers either need to create new distribution channels or take advantage of existing networks.
In addition to producing and distributing stoves, the manufacturers should create training programs. They should provide the retailers with installation, operation, maintenance, and servicing training. They should also train the retailers to carry out technical demonstrations in villages and to give operation and maintenance education to the users. If the manufacturers themselves do not train the retailers (local NGOs might in some cases), then they should train the retailers’ trainers.
3.9.3 Testing Agencies
Testing agencies would carry out the tests required to determine if a stove meets the performance standards for the improved cook stove initiative. They would need to seek accreditation from MNRE and follow the necessary procedures set by MNRE. This has been detailed in section 3.2
3.9.4 Retailers 
The retailers’ job is to sell the improved chulhas to village households. In order to keep the retailer motivated, the stoves must be sold at a profitable (yet affordable) price. Once the stoves are sold, the retailers should educate the users on proper operation and maintenance of the stoves. Also, the retailers should repair and service stoves that stop functioning properly.
Since the retailers are motivated to earn profits, they should be involved in marketing the chulhas in the villages in which they conduct their businesses. The retailers, as part of their marketing schemes, should carry out demonstrations of the technology in the villages, perhaps with the assistance of the manufacturing company and/or a local NGO. Furthermore, the retailers should encourage word-of-mouth advertising among the villagers
There are multiple options for who the retailers could be. Many programs have utilized the village entrepreneur model to varying degrees of success (see discussions in Appendix E). As aforementioned in Key Elements, these entrepreneurs can be individual women, hereditary potters who have traditionally sold stoves, or self-help groups of women working together. Existing small shops could start selling the stoves. A network of dealers could combine various types of entrepreneurs and shops. 
In addition to or instead of creating new delivery networks, an improved chulha initiative may be able to take advantage of already-created networks and move forward by collaborating with some programs that have already created dissemination channels. Such programs include Hindustan Lever Limited’s Project Shakti and Global Public-Partnership on Handwashing with Soap, e-Choupal, and agricultural retail chains such as Hariyali Kisaan Bazaar and Tata Kisan Sansar; all of these are described in Appendix E.
For more details about how strategies from these initiatives described in Appendix E can be applied to a cook stove program, see Recommendations for grassroots value chain for stove delivery above. 
3.9.5 Financial Institutions
Financial institutions, such as banks and microfinance institutions (MFIs), should provide financial assistance to consumers who cannot afford to purchase the stoves on their own. From the users’ perspective, it is the micro-finance institutions that will be the most critical for taking the cook stove initiative forward.  See Recommendations for financial arrangements for delivery above for more details.
These financial institutions might also be able to give business and accounting training to the retailers at the village level. If they do not give the training directly to the retailers, they might be able to provide local NGOs or other entity with training materials so that another player could train the retailers. 
3.9.6 Local NGOs
Local NGOs might be able to provide valuable insights into the socioeconomic dynamics of the villages in which they work. Established NGOs may be respected and trusted by the villagers; thus they may have greater capacity to work more closely with villagers to disseminate improved cook stoves.
When manufacturers carry out an assessment of cooking needs, local NGOs may be able to assist in the surveys. If the entrepreneur model is employed, local NGOs can identify self-help groups or select individuals who show the drive and ability to successfully sell the stoves. The NGOs, with the help of the manufacturers for technical knowledge and financial institutions for business knowledge, may be able to provide training to these retailers. Moreover, local NGOs can perhaps assist in marketing and facilitate or participate in demonstrations in villages. 
However, the capabilities of NGOs vary widely. While some NGOs may be able to successfully execute the aforementioned tasks, some might already have too much work to accomplish and others simply might not possess the necessary skills and tools. Collaboration with local NGOs should certainly be explored, but it may not always be possible or effective.
If MNRE and the PPP decide to pursue CDM and carbon trading, the Steering Committee with the help of the Advisory Board’s Financing Subgroup could put together a task force to calculate the potential carbon savings, prove additionality, and apply to the Designated National Authority and CDM Executive Board for approval and registration. The money earned from selling Carbon Emissions Reduction certificates could be used to fund any combination of the aforementioned financial incentives.
3.10 Summary of Recommendations 
In this section the major recommendations made in the earlier section have been summarized for ready reference.
3.10.1 Global Contest
1. We suggest an “innovation prize” approach to develop the appropriate technology. We also recommend that this prize be global.
2. A central focus on cleaner AND efficient combustion is required in order to achieve the health and social gains that are the primary motivator for this initiative.
3. Therefore the basic technical performance specifications for the cookstove prize should be based on four key parameters: carbon monoxide (CO), particulate matter (PM), efficiency, and black carbon (BC).
4. We additionally have to consider cost and robustness/durability as additional criteria.
5. Given the complexities of the prize design process, partnering with the right organization to develop the prize is absolutely critical. This organization must have both expertise in developing such prizes and has a global profile.
3.10.2 Technical Aspects
1. There is a need for a coordinated project to review and revise the standards and testing protocols for cookstoves with international consultation. In the meantime, an interim modification to the BIS standard is recommended so as to enable one of the latest protocols available internationally, WBT4.0 should be adapted and used in the testing centres recommended in this report, as an interim measure.
2. The development of standards for certification should be linked to health impacts of the stove with a given performance. The certification can be in the form of star-rating as is being done for various energy devices by BEE.

3. The testing protocols can consider generation of performance characteristics for a stove relating thermal performance and emissions to the burn rate.

4. Three types of testing centres are recommended to be set up as part of the new initiative: (i) In R&D laboratories for cookstoves (ii) Certification facilities run by independent organizations (iii) Field testing facilities with grassroot level NGOs. 
5. In order to do research on the fundamental scientific principles underlying the design and operation of cookstoves, it is recommended that coordinated projects involving research groups across the country should be funded. Some of these groups could graduate into R&D centres for stoves on the basis of their commitment.

6. Development of new products requires interdisciplinary groups enabling linkages between technical experts, the users, the field workers understanding the needs of the users and also the manufacturers, so as to incorporate several essential inputs at the product design stage itself.
7. In order to help stove developers in conducting fundamental analysis of the new designs, technical consultancy centres possibly linked to any of the R&D centres could be set up to operate in commercial consultancy mode. 

8. Setting up of centres recommended above as well as funding of projects should be carried out only through open request for proposals evaluated by an advisory body.

3.10.3 Delivery 
1. For an improved cook stove initiative to be sustainable, commercialization must be encouraged. Market development is, in turn, integral to promoting commercialization. A widespread awareness campaign that leverages all forms of media on a massive scale, various government channels such as schools and health and social services institutions, village demonstrations, and word-of-mouth advertising among village families and is branded with a recognizable logo and celebrity endorsements would be the best strategy to develop the improved cook stove market. 
2. Before a technology is adopted for wide dissemination, its assessment and certification must be carried out. The certification, which is expected to be based on rigorous lab level tests, could be the basis of technology selection for pilot level programmes. The technology selection for wider dissemination should be based on evaluation of the pilot level programmes. The performance of the technology selected must be above a minimum threshold as decided at the appropriate level.
3. To ensure effectiveness in the initial stages of the program, it should be carried out in the best-prepared regions first. These targeted areas should be selected based on a variety of strengths, including the presence of financial institutions, biomass availability, managerial and technical readiness (determined by past and ongoing successful cookstove dissemination projects), and delivery channels. Maharashtra, Tamil Nadu and Karnataka meet these criteria.
4. In order to reach as many households as effectively and efficiently as possible, an extensive network of various types of dealers must be utilized. This network could include entrepreneurs and shop owners. Rather than solely create new delivery networks, it may be more efficient to take advantage of existing value chains as well. These value chains could be leveraged through collaboration with existing programs such as Project Shakti, e-Choupal, and others, agricultural retail chains such as Hariyali Kisaan Bazaar and Tata Kisan Sansar, and petty shops.
5. From the user’s perspective, financing an improved cook stove is the greatest challenge. There are two options for user subsidies: no direct subsidy or a continually decreasing subsidy. For the equivalent expenditure on the current annual LPG subsidy, cook stoves can be disseminated to every household in rural India under various subsidy schemes.
6. Those households that cannot afford to purchase a stove, even after subsidies, should be able to receive micro-credit loans. MNRE should establish linkages with institutions that can provide these loans, such as nationalized banks, commercial banks, and microfinance institutions. Additionally, as micro-credit loans often have steep interest rates and many borrowers may not be able to afford the interest, interest payments could be partially or fully subsidized.
7. The financial assistance should be linked with the performance of the technology as well as the affordability level of the user.
8. In order to encourage scaling-up production, MNRE could offer a performance-based advance subsidy or a production tax credit. To receive an advance subsidy payment, a manufacturer must increase production of cook stoves by a certain percentage. Under a production tax credit scheme, for every certain number of stoves produced, a manufacturing company could receive a certain amount of tax credit or choose to take a grant of up to a certain percentage of the manufacturing facility’s property value instead.
9. A revolving fund could finance other dissemination activities, such as awareness raising, education of users, training of retailers, etc. The initial seeding for the revolving fund could be provided by nationalized and commercial banks or MNRE, and various stakeholders, which should be members of the public-private partnership, could take out loans for dissemination activities.
10. The Clean Development Mechanism (CDM) and carbon credits should be considered for funding the initiative. The potential fuelwood and carbon emission savings should qualify MNRE’s cook stove initiative for CDM funding. The money earned from selling Carbon Emissions Reduction certificates could be used to fund any combination of the aforementioned activities or financial incentives. Furthermore, carbon credits would encourage private sector participation. If manufacturers have the rights to the carbon credits, they could use these credits to minimize the retail cost of their stoves. 
3.10.4 Fuel Supply
1. The cookstoves programme must have a dual thrust, on technological improvement in stoves as well as establishment of an assured fuel supply chain. The latter is critical to large-scale dissemination of end-user devices with rural household applications.

2. India has an immense variety of agro-based biomass residues.  Transforming them into processed fuels for use with improved cookstoves is crucial to extracting the best performance – combustion efficiency and reduced emissions – from this initiative. Pelletizing agro-residues will be more suitable than briquetting, whose size and cost constrains its use in household applications.
3. An extensive study on the availability of biomass residues, surveying type, quantity, seasonal variations, costs and suitability for pelletization is required, as existing data is quite old.
4. Focused R&D is required for the development of small-scale biomass pelletizing machines for production of fuel pellets from available agro-residues, suitable for decentralized operation with a capacity of 100-200 kg/h and with low electricity requirement. Besides, standards need to be evolved for such machinery. 
5. Additionally, the research and development of an efficient and improved closed loop decentralized charcoal making unit operating on agricultural residues is proposed.

6. The field deployment and testing of these fuel processing units in varied regions will allow a detailed assessment of their socio-economic performance. Involving the local community in the various operational aspects of the biomass processing unit will integrate and embed this initiative deep into the context of the field area’s energy environment, also offering immense possibilities for fostering women’s participation and entrepreneurship.
3.10.5 Community Cookstoves
1. These stoves differ from domestic units in being used in community and commercial environments, where multiple meals for a much larger number of people are prepared with a greater frequency daily.

2. Being deployed in restaurants, hostels, places of worship and ashrams, caterers and suppliers of mid-day meals, their constituency of users and the scale and intensity of resource use implies that different dissemination trategies – pitching convenience and fuel savings – must be identified for different clientele.

3. While numerous community stove designs exist (with large variations in the operation and type of fuel used), protocols to test these devices on a common platform are lacking and must be prioritized. 
4. Setting up of facilities for the certification of designs and devices, and the R&D for these stoves should be coupled with the facilities being planned for the domestic stoves.  The development of high performance community stoves can particularly benefit from the technical support centres which are recommended for the domestic stoves programme.

5. Developing and implementing the decentralized fuel supply chain will be a crucial aspect of the community cookstoves program, and given the significantly larger scale at which these units function, it may be easier to accomplish this for community stoves than similarly focused initiatives for the domestic cookstoves.

6. The survey conducted by M/s Feedback Consulting Services Pvt. Ltd., which examined the practices at government-run schools in villages and suburban areas reported that nearly all schools visited use locally made stoves similar to a three stone fire. Majority of those polled indicated a willingness to shift to an improved cookstove but would need government support to enable the adoption.

7. Dissemination strategies – beginning with pilot programmes – must take fuel and food types into account, map markets current unexplored by manufacturers, focus on extended and extensive testing, and have integral monitoring and evaluation components. All of these – especially M&E – will be crucial for the long-term strategy the success of this initiative depends on.
3.10.6 Programme Management
1. Instituting the activities and programs emerging from the National Biomass Cookstoves Initiative in the public-private partnership model at all levels will ensure that participants – government, organizations, industry, academic, and social sector entities – can leverage each other’s expertise and resources.
2. It is suggested that to catalyze the NBCI, the Ministry of New and Renewable Energy, in its facilitating capacity, initiate and mobilize a Steering Committee assisted by an Administrative Support Group.
3. The members of the Steering Committee, apart from government administrators, must include independent consultants who can be paid for coordinating the entire initiative. The Steering Committee can draw on the counsel of the Advisory Board, whose constituents will be Financing, Technical, Sales and Distribution, and Monitoring and Evaluation Subgroups.
4. NBCI should be disseminated by Regional Committees, which will lead activities in the eight physiographic regions of India, reflecting prevailing patterns of biomass availability and cooking practices across the country. 
5. Regional Committees can  be constituted with a dual-chair mechanism, one from the public sector and one of the private sector, should engage in PPPs, identify dissemination strategies, collaborations, opportunities and issues, and report to the Steering Committee. They can also facilitate the network of Partnership Members, for dialogue and collaboration amongst stakeholders involved in the cookstoves programme.

6. Funding is required from various Government ministries and/or industry sources for the Awards Competition, technical (R&D, testing protocols and facilities), dissemination (training, roll-out/subsidization, electronic, print and contact publicity and programmes.)

7. Monitoring and Evaluation, a central aspect of the initiative, needs to be instrumental at every stage, from the awards contest, R&D and testing, to fuel supply and dissemination. It should occur through micro-monitoring, and especially through field visits and field-level monitoring.
8. Stakeholders in this project are identified as the Government of India, Ministry of New and Renewable Energy, manufacturers, testing agencies, retailers, financial institutions, local NGOs, academic and research groups, and the “stoves community.” – each playing a distinct role which must be clarified right in the beginning.
3.11 Proposed Scheduling of the Activities
While the above sections present the recommendations individually for each component of the programme, needless to say, they all have to be dovetailed together in a logical sequence. From that perspective, it is suggested that the activities identified above be carried out in two phases : Phase I comprising of the tasks which need to be started immediately so as to prepare the ground for the long term activities to be undertaken in Phase II.  It is also presumed that the activities related to community stoves would be carried out separately from those for domestic stoves. Thus the scheduling of activities for the two types of stoves is given separately.
3.11.1 Activities for Domestic Stoves
Phase I
This phase should start with setting up a Public-Private Partnership, through a Governing Council, a CEO for the initiative and a Project Management Unit. Subsequently, the task for setting up interim protocols must be taken up followed by selection of available stove designs and identification of regions for pilot dissemination. There need to be a few pilot programmes to experiment with different delivery models. Detailed information from the entrepreneurs already in the field about their experiences must be obtained prior to this task so as to plan more effective pilots. Monitoring and evaluation of the pilots would also need to be done carefully.
Besides the above, the steps required to launch a contest need to be taken up in this phase. The ground work for setting up testing facilities and R&D centres must also start in this phase. On fuel front, efforts should be made to identify small scale pelletising technologies already available. These must be tested in the field and improved upon with the help of technical experts so as to make them suitable for wider dissemination. This task needs to be taken up on a priority basis so that stoves which need processed fuel can be also be used for pilot dissemination.  
The summary of tasks recommended to be carried out in Phase I  is given below. 
A. This set of activities must precede the activities listed in B and C.
1. Establishment of the Public-Private Partnership (PPP) by an initiating agency, comprising of a network of stakeholders and led by a Governing Council. 
2. Setting up a Project Management Unit (PMU) with a CEO, an administrative support group and an advisory board. 
3. Setting up regional linkages for project implementation by the project management unit.
4. Setting up linkages with various ministries, funding agencies, private partners so as to mobilize funds for various activities. 
B.  These activities are required to be carried out in a certain sequence so as to lead to pilot dissemination programmes.

1. Interim modifications in the BIS testing protocol in quick consultation with the stoves community.
2. Selection of stove designs for pilot dissemination in selected regions with the help of modified testing protocols.
3. Identification of regions suitable for pilot study and conducting baseline surveys for energy consumption with traditional stoves.
4. Identifying dissemination strategies for different regions, viz., direct or indirect subsidies, modes of creating user awareness and delivery.
5. Establishing linkages with banks and MFIs, establish revolving funds.
6. Carrying out awareness campaigns and village demonstrations.
7. Distribution of stoves through collaborative supply chains.
8. Identifying appropriate pelletizing technology available in the country which could be disseminated directly or could be quickly upgraded, field testing of the technology and its upgradation with the help of technical expertise, if required. 
9. Pilot dissemination of these machines along with the pilot dissemination of stoves, as suggested above, to use different local feedstock.
10. Identify agency for M&E.
11. Monitoring and evaluation of the pilot programmes.
C. This set of activities are required for the innovation prize.

1.   Initiating the process of prize design with a partner.
2.   Launching the prize.
3.   Evaluation of the entries at the end of the contest period.
D. These activities are required to be taken up in the first phase as a first step leading to the Phase II of the programme for long term impact.

1.   Initiating the process of developing testing protocols and star-rating standards for long term applicability. 
2.   Call for EOIs for setting up the different testing centres
3.   Call for EOIs for setting up consortia to do research related to stoves and development of new designs.
4.   Call for EOIs to set up Technical Consultancy Centres to help stove designers for improving their designs.
5. Detailed survey of biomass availability, present level utilization, cost etc. for selected regions in the country.
Phase II
1.  By the time this phase starts, it is expected that new protocols would have been identified and hence the testing centres initiated in the first phase can get into full operation. R&D centres with testing facilities can start regular training of personnel from the commercial testing centres as well as field testing centres. The certification centres can carry out the testing in accordance with standards with star-ratings. The services of the field testing centres would be required for evaluating the performance of the improved stoves in the field after a pilot programme first and later as part of any full scale dissemination. 
2. After the formation of consortia, the research activities can be funded and would continue into phase II, while giving valuable inputs in the development of new stove designs by the technical community.
3. It is also recognized that there are many stove manufacturers who can develop potentially good stove designs intuitively but they would need technical support to improve upon their designs.  In order to help stove developers in conducting fundamental analysis of the new designs, technical consultancy centres possibly linked to any of the R&D centres could be facilitated to operate in commercial consultancy mode. This aspect is particularly important to address some of the specific regional cooking needs. 
4. Devising strategies for large scale dissemination
5. Dissemination on regular basis.
6. Facilitating design and development of new pelletizing machines and charcoal systems.
7. Entrepreneur development and setting up commercially viable fuel processing units and supply chain.
8. Field operation, monitoring and upgradation as per requirement.
3.11.2 Community Stoves
Phase I 
1. Identifying different user segments and regions for pilot dissemination along with strategies for pilot dissemination.
2. Selection of field groups/NGOs working in identified regions for implementation of pilot programmes.
3. Selecting an agency for monitoring and evaluation of pilot programmes
4. Collection of baseline data with traditional stoves in the identified sites with the help of field monitoring agency.
5. Facilitating selection of suitable stove designs by implementing agencies.
6. Actual installation of stoves by the manufacturers with the help of implementing agencies.
7. Monitoring and evaluation in the field for at least two months by the monitoring agency.
Phase II
8. Developing suitable protocols and standards for community stoves.
9. Facilitating development of better designs using technical knowhow. 
10. Facilitating potential user-manufacturer interaction to enable commercial mode of operation. 
11. Monitoring and evaluation of the programme by an independent agency.
3.12 Conclusion
A new cook stove program must incorporate the lessons learned from the successes and failures of past and ongoing dissemination programs. These lessons demonstrate that the key elements of an effective cook stove initiative include technology research and development, performance standards, demand generation, mass production and distribution channels, selection and training of retailers, financing, education of users, cook stove servicing, and evaluation. The roles of the stakeholders must be specified and clarified, perhaps as suggested earlier, so that they can successfully work together to achieve these key elements of success. In order to penetrate the hard-to-reach rural markets as much as possible, opportunities for collaboration to take advantage of existing dissemination networks should be explored. With these factors taken into consideration, a new improved chulha initiative can be effectively implemented in remote rural areas, thereby improving the lives of millions.
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Appendix A1 

Table A1.1 Models listed in the RWEDPA compendium 
	S. No.
	Name of the Chulha
	Year of development
	Organization which developed it

	1.
	ABHINAV/JETAN
	1987
	Technical Back-up Unit, Energy Research Centre, Punjab University, Chandigarh – 160014

	2.
	AKASH
	1991
	Technical Back-up Unit, Energy Research Centre, Punjab University, Chandigarh – 160014

	3.
	ALOK
	1989
	Technical Back-up Unit, Centre for Rural Development & Appropriate Technology (CRD & AT), Indian Institute of Technology, Hauz Khas, New Delhi – 110016

	4.
	ARAVALI-U
	1989
	Technical Back-up Unit, Renewable Energy Centre, College of Technology and Agricultural Engineering, Rajasthan Agricultural University, Udaipur

	5.
	ASTRA
	1985
	Technical Back-up Unit, Karnataka State Council for Science and Technology (KSCST) located at the Indian Institute of Science, Bangalore -560012

	6.
	BHAGYALAXMI
	1991
	Technical Back-up Unit, Center for Application of Science and Technology for Rural Development (CASTFORD), Indian Institute of Education, 128/2, Karve Road, Kothrud, Pune – 411029

	7.
	DENGLI
	1991
	Technical Back-up Unit, Centre for Rural Development & Appropriate Technology, Indian Institute of Technology, Hauz Khas, New Delhi -110016

	8.
	DOACHHI
	1989
	Technical Back-up Unit, Department of Mechanical Engineering, Bihar College of Engineering, Patna-300005

	9.
	GAURAV
	1989
	Technical Back-up Unit, Energy Research Centre, Punjab University, Chandigarh – 160014

	10.
	GRIHLAXMI
	1990
	Technical Back-up Unit, CASTFORD, Indian Institute of Education, 128/2, Karve Road, Kothrud, Pune -411029

	11.
	HARSHA
	1990
	Technical Back-up Unit, Regional Research Laboratory, Bhubaneswar, Orissa

	12.
	JANTA
	1991
	Technical Back-up Unit, Central Glass & Ceramic Research Institute, Khurja, Uttar Pradesh

	13.
	KESARI-200
	1988
	Technical Back-up Unit, Centre for Rural Development and Appropriate Technology, IIT New Delhi -110016

	14.
	LAXMI
	1986
	Technical Back-up Unit, Centre for Application of Science and Technology for Rural Development (CASTFORD), Indian Institute of Education, 128/2, J.P. Naik Path, Kothrud, Pune – 411029

	15.
	MAMTA
	1989
	Technical Back-up Unit, Department of Home Science, M.S. University, Baroda - 390002, Gujarat

	16.
	MEGHALAYA
	1987
	Nodal Agency of Meghalaya in cooperation with the Technical Back-up Unit, Centre for Rural Development and Technology, Indian Institute of Technology, Hauz Khas, New Delhi -110016

	17.
	MOHINI-U
	1990
	Technical Back-up Unit, Energy Research Centre, Punjab University, Chandigarh – 160014

	18.
	NAV JYOTI
	1991
	Technical Back-up Unit, Centre for Rural Development and Appropriate Technology, IIT, Hauz Khas, New Delhi – 110016

	19.
	PARISHAD-21
	1986
	Kerala Sasthra Sahitya Parishad, Trivandrum in cooperation with the Technical Back-up Unit, Department of Mechanical Engineering, College of Engineering, Trivandrum, Kerala

	20.
	Pawan-II
	1988
	Technical Back-up Unit, Centre for Rural Development and Appropriate Technology, Indian Institute of Technology, Hauz Khas, New Delhi- 110016

	21.
	PRIAGNI
	1983
	Central Power Research Institute, Bangalore, Karnataka

	22.
	PRIYA
	1989
	Technical Back-up Unit, Department of Home Science, M.S. University, Baroda - 390002, Gujrat

	23.
	SOHINI
	1987
	Technical Back-up Unit, Energy Research Centre, Punjab University, Chandigarh – 160014

	24.
	SUDHA
	1992
	Technical Back-up Unit, Energy Research Centre, Punjab University, Chandigarh –160014

	25.
	SUGAM-II
	1988
	Centre for Rural Development & Appropriate Technology, Indian Institute of Technology, Hauz Khas, New Delhi -110016

	26.
	SUGAM SEVA
	1988
	Technical Back-up Unit, Centre for Rural Development & Appropriate Technology, Indian Institute of Technology, Hauz Khas, New Delhi – 110016

	27.
	SUKHAD
	1988
	Technical Back-up Unit, College of Technology & Agricultural Engineering, Rajasthan Agricultural University, Udaipur-313001

	28.
	SURBHI-T
	1987
	Technical Back-up Unit, Energy Research Centre, Punjab University, Chandigarh – 160014

	29.
	UDAI
	1989
	Technical Back-up Unit, College of Technology & Agricultural Engineering, Rajasthan Agricultural University, Udaipur-313001


(Source: Regional Wood Energy Development Programme in Asia (GCP/RAS/154/NET), Indian Improved Cookstoves: A Compendium, Food and Agriculture Organization of the United Nations, 1993)

Table A1.2 New Models of Fixed-type Improved Chulhas developed during 2001-02

	TBU
	Model Name
	Type of Model
	Type of Fuel
	Thermal Efficiency

	Indore
	Joyti
	Single pot chulha made of cement and stone powder
	Wood, agri-residue and dung cake
	21%

	Indore
	Ahilya
	Single pot chulha made of clay CI liner and cement
	Wood agri-residue and dung cake
	20%

	Kalyani
	Modified Kalyani Coal Chulha
	Single pot, bricks and lime 
	Coal briquette
	42%

	SOLAN
	High Altitude Metal Stove for Kinnaur district
	3-pot, cast iron and steel
	Wood 
	21%

	Guwahati
	Modified Sukhad
	2 pot pottery liner, brick and cement
	Wood and agri-residue
	25%

	Guwahati
	Modified Aravali
	2-pot pottery liner
	Wood and agri-residue
	25%


(Source: MNRE Website, http://mnes.nic.in)

Appendix A2

Ministry of New and Renewable Energy
Launching of the ‘National Biomass Cookstove Initiative’ on 2nd December 2009 at New Delhi
Press Release

The Ministry of New and Renewable Energy (MNRE) is launching a new initiative on biomass cookstoves, with the primary aim of enhancing the availability of clean and efficient energy for the energy deficient and poorer sections of our society.  

A large section of our country’s population – 75% of the rural households and 22% of the urban households, according to the National Sample Survey’s 61st survey -- still uses biomass for its cooking needs. An estimated 80% of the residential energy in India comes from biomass, much of it burnt in traditional Chulhas. The adverse health and socio-economic implications of this form of energy supply are enormous, with women and children at particular risk. The burden of biomass fuel collection and processing for cooking also falls mainly upon women and children (mainly girls), who spend significant time gathering fuel resources every day.  

Therefore, providing a clean cooking energy option for these households will yield enormous gains in terms of health and socio-economic welfare of the weakest and the most vulnerable sections of society.  At the same time, the cleaner combustion in these devices will greatly reduce the products of incomplete combustion which are greenhouse pollutants, thus helping combat climate change. 

This initiative of MNRE is envisaged to be structured differently from the earlier National Programme on Improved Chulhas, although it will build on the several successes of that programme while also drawing lessons from the experience gained from its implementation.

The starting point of the current exercise is the user. The solution on offer should, first and foremost, be easy to use and maintain and conform to local cooking habits across the country. Its adoption must make economic sense to the household. The programme is conceived not as a handout to poorer households, but rather as an economically sustainable business solution.  As the Prime Minister of India has often said, we need to make the poor of this country bankable.

This new initiative is also based on the recognition that that Cookstoves technology has improved considerably in the past few years. But further advances are still possible and, indeed essential. Our aim is to achieve quality of energy services from Cookstoves comparable to that from other clean energy sources such as LPG. 

MNRE has held several brainstorming sessions and consultations over the past few months with a range of stakeholders and experts from civil society, academia, business, and government to develop an understanding of current activities and future potential of such a programme. The Prime Minister’s Office has been closely associated with these deliberations. 

Under this Initiative a series of pilot-scale projects are envisaged using several existing commercially-available and better Cookstoves and different grades of processed biomass fuels. This will help in exploring a range of technology deployment, biomass processing, and delivery models leveraging public-private partnerships.  

At the same time, it will set in motion a series of activities that are designed to develop the next-generation of household Cookstoves, biomass-processing technologies, and deployment models.  This may include an innovative global contest to develop combustion units with high thermal efficiency and low pollution characteristics and, in parallel, appropriate biomass-processing devices   The Initiative will aim for a significant enhancement of technical capacity in the country by setting up state-of-the-art testing, certification and monitoring facilities and strengthening R&D programmes in key technical institutions.     An independent monitoring and evaluation component is envisaged to assess the activities and fine-tune them on an ongoing basis.  And, last but not the least, it will welcome and promote participation by civil society and private actors to make it a true public-private partnership.

MNRE also believes that the technologies and delivery models that will be developed through this Initiative will be useful for other developing countries in Asia, Africa, and Latin America whose populations also suffer from health and other problems related to biomass use in household cooking.  Therefore success of this Initiative could well have a transformative impact not only for our own citizens but also for the energy poor in other developing countries.
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Core Group Members 
1. Dr. A.R. Shukla, Adviser (Bio-energy), MNRE.
2. Prof. Rajendra Prasad,  IIT Delhi.
3. Prof. Ambuj Sagar, IIT Delhi.
4. Dr. V.V.N. Kishore, TERI, New Delhi.
5. Dr. Ibrahim Hafeezur Rehman, TERI, New Delhi.
6. Dr. (Mrs.) Sangeeta Kohli, IIT Delhi.
7. Director, Improved Chulha, MNRE
(Earlier, Sh. G.L Meena, later Sh. B.S. Negi).
8. Prof. P.J. Paul, CGPL, IISc, Bangalore.
9. Dr. S. Khuntia, IMMT, Bhubaneswar.
10. Mr. Awadhesh Singh, M/s Abellon Clean Energy, Ahmedabad.
11. Mr. Mahesh Yagnaraman, M/s First Energy, Pune.
12. Mr. Vikram Kale, M/s Vikram Stoves and Fabricators, Usmanabad.
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Comments from Participants of the Brain-Storming Session on Improved Biomass Cookstoves

on issues raised by

Ministry of New and Renewable Energy
Inputs to the Brainstorming Consultations on Improved Biomass Cookstoves / Chulhas
Chandra Venkataraman

Department of Chemical Engineering, IIT Bombay, Powai, Mumbai 400076

Suggestion on title of New Programme: 
Advanced Biomass Energy Technology for Cooking [Short title: ABET for Cooking].

Rationale: This permits identification of ABET as a distinct technology sector/segment serving sustainable development (i.e. addressing energy security and health) and delivering climate co-benefits. ABET will have many applications at micro- and macro-scales, including a) thermal applications (residential and commercial cooking, space and water heating) and b) electrical applications (e.g. decentralized power, pumping energy, lighting).

Suggestion on reorganization of identified areas: 
The areas identified are extremely pertinent. Reorganization, as below, would be useful to eliminate overlap.

a) R & D (combustion and emissions, stove design, materials of construction)

b) Performance standards, Monitoring and evaluation methods

c) Processed solid biomass fuels 

d) Delivery and distribution models, fiscal incentives and financing

Issues for consideration (organized by area):

R & D (combustion and emissions, stove design, materials of construction)
a) R&D in combustion and emissions needs to be integrated. The effects of combustion design innovations on both thermal and emissions performance must be understood simultaneously for development of innovative designs.

b) A few high-level R&D facilities need to be set up in academic institutions (IITs, IISc, NITs, other) or R&D labs (TRDDC, other) to conduction parametric testing to understand to relate elements of design and operating parameters to performance.

Performance standards, Monitoring and evaluation methods

a) An ongoing activity by ETHOS (Engineers in technical and humanitarian opportunities of service) is attempting to evaluate existing methods and develop methods with greater replicability and accessibility. We need to examine the proposed protocols and suggest changes specific to stoves or cooking procedures in the Indian region. I serve on the technical committee and will be happy to coordinate with Indian colleagues in regard to this task. The resulting methodologies could form the basis of monitoring and evaluation methods adopted within this program. [http://www.vrac.iastate.edu/ethos/; please see attached presentation by Prof. Tami Bond of University of Illinois, Urbana Champaign].

b) A high level of customization of technologies is needed based on user-need at the product design, product development and product use stages. To create channels of communication from the user to the designer, a three-tier stove laboratory model has been proposed (Bond, Jan 2009, attached presentation) – I. university / R&D company based design lab (understand fundamentals of combustion relevant to stove design), II – stove testing and certification lab (evaluate performance, user satisfaction, etc. among different stove designs) and III – in-field testing lab (confirm improvements in field, feedback into the design process). This should be considered in the present program.

c) There is need for training programmes for capacity building in understanding and use of monitoring and evaluation methods. These would need to be directed to stove testing and certification labs and in-field monitoring groups and other relevant stake holders.

d) Product standards need to be linked to market segments and the price-point of the technology. High-tech high-cost technology that serves the upper market segments must necessarily meet stringent performance standards, while lower-cost technology that could serve BPL segment could have some relaxation in performance standards.

Processed solid biomass fuels

a) Technology development for densification of leafy / straw / low-density biomass for a variety of ABET applications.

b) Potential for low horse-power technology must be explored for decentralized applications. 

 Delivery and distribution models, fiscal incentives and financing
a) In regard to carbon finance for monetization of carbon emissions reduction, methodologies need to be developed for the voluntary carbon market and CDM market for “increased efficiency of renewable biomass for thermal applications.” These should include reductions in all Kyoto gas emissions from combustion (CO2, N2O and CH4). Development of realistic monitoring and validation methodologies for carbon emissions reduction are needed. 

b) Mechanisms should be explored for gaining credit for reduction of short-lived greenhouse pollutants (CO, NMHCs and black carbon). International black carbon funds should be explored. 

c) Delivery models should focus on distributed benefits at the user and the rural employment / enterprise levels.

d) IPR assistance should be provided to smaller groups for seeking international patents to protect "indigenous knowledge" [e.g. materials, design ideas ...]. 
Areas of interest:

a) Performance standards, Monitoring and evaluation methods: To work with the Government of India, international partners and Indian colleagues to develop product and certification standards.

b) R & D (combustion and emissions, stove design): Participation in a high-level experimental facility towards a more fundamental understanding of biomass combustion and emissions, especially in regard to aerosols (preferably in a two- or three-way partnership between an IIT, private company R&D and government).

c) Delivery and distribution models, fiscal incentives and financing: Provide science inputs to policy research to establish and monetize climate co-benefits of ABETs for cooking.

An Approach to Finding the Elusive Question “Which is the best Stove Design?”
Abhishek Kar, TERI, New Delhi, 09899972727, akar@teri.res.in
As researchers, we often design a stove with focus on aspects which we believe is important. For example, rarely does aesthetics or ability to cook local food get importance at product development stage, though these aspects are often critical in determining user acceptance to new stove design. However, the target of the scientific community must be to make a product which is not only technically superior (multi feed stock compatible high combustion low emission model) cook stove but a stove which is voluntarily accepted by community. Past experiences suggest, that if this approach is not adhered to, the community will shun a “technically superior” product. Ultimately, as the goal is replacement of polluting, low energy efficient cooking technologies which are not possible if the users reject “our technologically better model”. The approach given below will help if identifying the most suitable cook stove (as close to ideal as possible) and provide inputs for further customization.

There is a saying that after every 20 km there is change in food and fuel pattern in India. Hence for such a diverse country, it is imperative that rather than rolling out a uniform product, cook stove customization is carried out prior to large scale adoption and diffusion efforts. For strategic reasons, it is proposed that a block is chosen as the smallest unit for dissemination planning and execution. For each block, the major social groups need to be identified. Care should be taken to ensure that minority groups are not left out of considerations. Then to promote fair competition, all manufacturers are asked to come out with a product which they think will be best suited for the population residing in the block. These products must already be certified, by designated agencies after laboratory testing, to have minimum efficiency and emission parameters as decided by the government. Once, these products are submitted for field trial, one reputed agency can be asked to conduct field trials for these stoves in a circular basis. As each selected household will be provided all the product prototypes in a rotating fashion, we avoid any bias in the study. User feedback will be measured in a quantitative manner for a scientifically valid and neutral comparison amongst various models. 

Let us define cook stove utility mathematically from the user’s point of view.

For all the aspects detailed below, the user will be requested to respond in the following manner (point for each response is also mentioned):

a) Much better compared to traditional stove (2)

b) Better compared to traditional stove (1)

c) No difference compared to traditional stove (0)

d) Worse compared to traditional stove (-1)

e) Much worse compared to traditional stove (-2)

The performance aspects which historically have been critical from user’s point of view are (not necessarily in same order of importance):

a) Cooking time

b) Fuel consumption

c) Durability/Robustness

d) Ease of operations

e) Cleanliness of utensils

f) Ability to cook local dishes

g) Change in taste of food

h) Aesthetics

i) Easy maintenance, service and repair facilities

j) Reduction of smoke and drudgery

If during baseline survey, additional performance aspect is highlighted by community, the same can be added in the above list. 

We need to categorize the performance aspects into three categories, namely Critical, Very Important and Important. If any stove gets (-2) in any critical aspect or two (-1) in any critical aspect from majority of users, then the stove is rejected after field trials. Similarly, during field trial phase, it is important to identify user priorities and focus on dissemination of stoves which surpass the minimum performance expectation of users. How to establish a fair quantitative cut off bench mark is a research question which needs further deliberations.   

Assuming for the time being that there is no addition or reduction in the list of performance aspects mentioned above, the maximum utility of a stove (let us call it as the ideal stove) can be 20. However, the general trend of production is that a product with overall higher utility is available at higher price. This gives rise to an argument that “The better the product, lesser will be its penetration amongst the population.” 

Hence, after user feedback based field trial, the most preferred cookstove with best user rating would be selected and disseminated. The manufacturer/developer of that cook stove will be provided with the negative attributes as pointed out by the user community and will be asked to further customize if necessary. Once the customized model is ready, government should come forward and provide targeted subsidy to make it available for the entire population of the block. After all, as suggested by the Planning Commission of India, it is the government’s solemn responsibility to provide affordable lifeline clean energy to the poorest of the poor. 

Comments from
Dr. S. Khuntia

Scientist-G & Head,

Design & rural Technology Dept,

IMMT (formerly RRL), CSIR,

Bhubaneswar-751013

Ex-PI of Technical Back-up Unit for NPIC (1988 to 2003).

Improved Chulha/Stove was an important national programme, under 20-point programme of Govt of India. Many scientific players have contributed a vast knowledge & developments during 1985 to 2002 under NPIC. As per needs of common people of rural India, the ICs were developed and it was successful, even among poorest of poor. Thermal engineering was well considered in design & developments of previous ICs to obtain conservation of green fuels and reduction of pollutions. Most important aspects of last programme were:

a) Type of fuels available & its successful use in ICs to get desired benefits.

b) High acceptability of ICs by the users for long term benefits.

c) Affordable cost & durable life.

d) Easy understanding of ICs by the users.

e) Availability of ICs through out of the country.

In my view, the present interested scientific players should review the past scientific works on development ICs/Stoves of India before commenting for any new. Some presentations & suggestions made by premier institutions in last meeting were just repeating old theories of Improved Chulha programme. However those were important for success of any national energy programme. My suggestions are given below.

R&D for new development:

a) Any new designs can be successful & sustainable in Indian scenario, when it will be tested in field in different conditions for a considerable period. All old models have been well tested at least for a decade. Therefore all existing successful designs should be scientifically reviewed by impartial scientific team and drawback if any should be eliminated, it should be further developed if necessary.

b) New design with different concepts for Indian requirement may be developed by dedicated team.
Standards development: 

Standards for evaluation of performance and emission of improved ICs/Stoves were well developed earlier, which were equal to European standards. However it can be modified if necessary as per CDM.

Fuel processing, its cost and availability:
a) It was well tested during NPIC that those ICs require for processing of fuels for combustion, were miserably failed during propagation, since Indian rural users never accept the conditions to size the wood pieces in to 15 mm diameter and 150 mm length. Villagers will not pay any extra amount for sizing the fuels, unless fuels are not available in their vicinity for daily cooking of food.

b) Cost of small sized fuels (after sizing) may cost more. It can be applicable in fuel-less area only.

Cost of improved Chulhas and financing: 

a) It was well known during NPIC that use of ICs was reduced drastically in villages when Govt. subsidy was withdrawn and cost ICs was increased.

b) Cost of ICs/Stoves should be affordable, may be within Rs.50/- to Rs.500/-, to obtain sustainability among all class of society in rural sector. It should be noted that many middle class rural users, even in interior part of North East have shifted from woody biomass to LPG gas for clean burning, availability etc. Most of poor rural people and people having enough free fuels can go for wood burning for cooking now -a- days.

Fiscal incentives, monitoring and evaluation:

1. Monitoring the quality and evaluation of ICs was failed during last part of NPIC due to its vast area of operation in the country. The improved stoves should be foolproof models, made centrally by few designated industries and durable. Then quality can be assured.

2. Incentives to users will certainly help adoption of ICs/stoves in rural sector.

3. I would like to work in the area of R&D and standardisation of improved cook stoves at present.

Comments from
Shri Shyam Saran,

Special Envoy, Prime Minister’s Office

I think we need to focus our efforts in the working groups on the following 3 or 4 elements, to avoid repeating disappointments of the past:

1. On the technology side, there are two components – to design the most efficient, sturdy and durable, easy to use and safe combustion device; to develop the most efficient and cost-effective processing know-how for a variety of available bio-mass – the more versatile the better.  The groups should come out very specific and precise benchmarks for both these technology objectives.  These include technical as well as economic (in terms of affordability).

2. We need to have people focus also on product design.  Once the basic technology is available, how do we design a product around it to suit different user requirements and market conditions?  This is important in a country as diverse as India.  It will apply to the combustion device as well as to fuel processing (e.g. whether in form of briquettes or pellets or compacted bio-mass, meeting the requirement of easy storage, convenient use and final disposal of waste).

3. We will need to start talking about an effective business plan to launch and sustain the product.  There may be need for focused awareness campaigns in different languages; there will have to be demonstration campaigns and targeted advertising.  The Plan may require product trials in the field and include study of feedback and possible adjustments in product design.  We could request assistance from our IIMs or the ISB (I can talk to them).

4. Finally, until the initiative reaches the stage of self-sustaining growth, we would need a monitoring and evaluation process under the MNRE.

I have seen the earlier guidelines and benchmarks you had sent.  In the light of the results of the work of the groups, these will have to be revised and re-notified.  This is very important.  We must ensure quality this time round.  As I said at our meeting, we need high and sophisticated technology here, not low or intermediate solutions.

Comments from
Dr. A. K. Kurchania

Professor and Head

Department of Renewable Energy Sources

College of Technology and Engineering

Maharana Pratap University of Agriculture & Technology

Udaipur (Rajasthan) 313001

With reference to your letter regarding the above mentioned subject, this is to kindly inform you that the BDTC Udaipur has been working for the popularization of Improved Cookstove technology since a long time. We have been working in the field of design & development, improvement, testing, installation and dissemination of technology of Improved Cookstove since a long time. I would like to be involved in the following groups/ areas 

a) R & D and Technology development

b) Standards development

c) Fuel processing, its cost and availability

d) Any other relevant field if desired

Department of Renewable Energy Sources, College of Technology and Engineering is actively engaged in teaching, research & development activities related to New and Renewable Energy Sources viz Bioenergy (Biogas and Biomass) and Improved Cookstoves. The activities of Renewable Energy Sources in the centre were initiated in April, 1980 with USDA-ICAR sponsored project on utilization of renewable energy in Agriculture. Technical Back –up Support Unit on Improved Chulha was added in 1984 in the Department. The centre attained national recognition in the field of improved chulha and bio energy. 

R & D and Technology development

The new models of chulha SUKHAD, RAJAVIKAS, HEENA, ARAVALI and single pot (UDAI& MOHINI ) developed at the centre received appreciation and commendation at various levels. Department has also developed a metallic Sigri namely “Raj Krishi” for domestic cooking need. This Sigri can accommodate small wooden twigs, briquetted fuel and small pellets for meeting cooking energy requirement for an average sized family. The thermal efficiency of this cookstoves is 41% with briquetted fuel. Durable Cookstoves Chetak and Udairaj were developed and installed at number of places.

Technical Back-up Support Unit organized many training programmes for rural women in Rajasthan and other states. The rural artisans are trained in construction and maintenance of chulha. They are paid Rs. 20/- for each chulha constructed.  Thus this becomes a self employment opportunity for the rural women.

[image: image4.jpg]



DOUBLE POT UDAIRAJ DESIGN
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SINGLE POT CHETAK DESIGN

The monitoring and feed back of chulha is a regular feature of the centre.  So far more than 1000 feedback have been conducted in Rajasthan, M.P., Maharashtra and Andhra Pradesh.   This helps in qualitative and quantitative control on the working of chulhas. Large size community chulhas have been constructed in institutions, hostels and industries such as M/s Sadhana chemicals, Madri and M/s Manaria Dairy Farm, Udaipur. 

Inverted downdraft gasifier stove which was designed in Department consists of reactor, grate, ash removal, primary air controller flap, pot support and secondary air opening. The capacity of the stove was 1.23 kW and thermal efficiency was 27.14%.
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It was noticed that Improved Cookstoves based on semi gasifier principle have better thermal efficiency and less emission. 

Standards development

Many Improved Cookstoves have been tested and their thermal efficiency and emissions were determined on the basis of Water Boiling and Evaporation Test, Chapati Baking Test as developed by the Ministry. Recently two Improved Cookstoves namely Navagni and Philips biomass cookstoves were tested.  It was felt that Testing Standards for the performance evaluation of Improved Cookstoves should be developed considering the recent development carried out in the stoves.

Fuel processing, its cost and availability

The Department has developed a densification machine yielding briquettes of required size. According to need the densified material can be converted into cubes and pallets. Hard operated, cycle operated and electric power operated briquetting machine of varying capacity running on principle of extruder has been designed and developed. This machine has been tested for binding loose biomass and char powder observed that charcoal mixed with dung slurry in equal quantity given maximum efficiency of 85% where as briquetting efficiency of charcoal plus clay mixture found to be 75%. A package of practice for proper utilization of Prosopis Juliflora coupled with charcoaling and briquetting process has been developed. 

A metallic kiln equipped with required provision for process of charcoaling and sufficient for 100 kg of Prosopis Juliflora has been designed and developed. It consists of two interlocking cylindrical and conical cover. The cover is provided with the equally spaced steam release ports, which can be closed with plugs when required. The kiln is 1.6 m in dia and 1.35 m high and has a capacity of approximately 2.5 cum. The efficiency of developed kiln was observed as 35%. 

There is a good scope of the densified fuels in the cooking stoves and different loose biomass, waste materials can be utilized in place of fire wood. Improved methods for char production can be developed.

Any other relevant field if desired

The Deptt has developed Germplasm for fuel wood tree species of semi arid region of Aravalli in the Rajasthan and various Agro technologies for improvement of hydrocarbon rich plant species for Arid & Semi arid regions of Rajasthan. Package of practice was developed for utilization of barren land for energy use through Energy plantation programme. Research work on new species of energy plantation can be carried for the better production of fire woods.

Regular workshop/seminars/conferences and training may also be organized covering present state of art, recent advances and future prospectus of different renewable energy technologies

Inputs for the identification of improved chulhas for the states of Bihar, Jharkhand, Orissa, Chhatisgarh and Uttar Pradesh

 Dr. Karabi Dutta

I understand that Chulhas need to be identified for the above mentioned states from “Antika”, Volume 3, December 1990 (NPIC). But since I am not familiar with these stoves I am not in a position to offer recommendations.

Since these stoves were designed and developed under the NPIC program they have been tested in the simulated kitchen or laboratory for the following:

a) CO/CO2  ratio of the whole mixture  of the combustion gases

b) Suspended Particulate Matter (SPM) 

c) Calorific Value of fuel

d) Thermal Efficiency of stove using the BIS method

e) Power Rating

f) Burning Rate

g) Boiling Time with lid on vessel

h) Stove Surface Temperature

i) Flame Temperature

My suggestion would be to test the selected stoves further for:

1. Average Respirable Particulate Matter (PM2.5) and Carbon monoxide (CO) emissions from stoves in the kitchen and adjoining rooms over a period of 48 hours to understand the actual emission characteristics of the stove under actual field conditions. This test may be conducted   in ‘X’ number of representative households where this stoves will be introduced. ‘X’ being the statistically calculated value from the total number of households where the stoves will be introduced.   

2. Conduct Water Boiling Test with 2.5 litre water using the UC Berkeley Method for Stove Performance  at High power (both  under cold start conditions and hot start conditions)and Low Power (simmer conditions) and find out :

a) Time to boil without lid

b) Burning rate

c) Thermal efficiency

d) Specific fuel consumption

e) Temp-corrected specific consumption

f) Firepower

g) Turn down ratio

Both these above mentioned tests may be conducted both in the field and also in the simulated kitchen to understand the effect of these stoves on the indoor air quality (IAQ) of the households and stove performance under field conditions when local fuels are used. Till a national standard for indoor air quality is finalised a comparative before and after study, for the status of the IAQ and stove performance parameters, with traditional and improved stove is important to understand the improvement. 

These tests along with tests for stove safety (stability, surface temperature etc) and 15-30 day home placement test will provide good information about the acceptability and suitability of these stoves for the target households. 

Global Innovation Contest for Cookstoves

Prof. Ambuj Sagar

Indian Institute of Technology Delhi

011-26596508

asagar@hss.iitd.ac.in

In recent years, there has been much attention paid to the idea of “innovation prizes” as a way to induce the development of technology in neglected areas.  Specifically, this refers to “an ex-ante grand prize” to stimulate R&D or technology development.

Inducement prizes should be viewed as a potential complement to, and not a substitute for, traditional funding for research and innovation activities Inducement prizes do offer several advantages, including: 

a) attracting a broader spectrum of ideas and participants by reducing the barriers to participation

b) allow a goal to be achieved without having to decide which is best way to meet that goal

c) shifting much of the risk to the participants (since the award of the prize is contingent of the contest parameters being met); and

d) the capacity of prizes for educating, inspiring, and even mobilizing the public

e) leveraging additional resources from firms and other sources

In order to be successful, though, it is important to design the context carefully, both in terms of defining the parameters of participation and the goal to be achieved.  Furthermore, if the ultimate aim is to commercialize the technology, then some thought must also be given to the buyer commitment of market creating strategy beforehand.

A global innovation challenge for Cookstoves will be very useful in that it will stimulate technical experts worldwide to focus on what so far has been only a niche activity for this community.  By entraining new technology developers into this arena, we hopefully should be able to achieve a quantum jump in performance as well as increased competition.  But in order to do so, we need to design the challenge carefully.

The key questions that will need to be examined include:

a) What are the desirable minimum (but achievable) technical performance characteristics of the next-generation of Cookstoves (i.e., power, thermal efficiency, emissions)?  

b) What is (are) a suitable cost target(s)?

c) What are other key characteristics, such as durability?

d) How should we segment the customer base, i.e., what is the minimum number of technologies that would allow for a reasonable coverage of the target population?

e) Should biomass-processing technologies also be part of the contest?

f) Should the challenge be a prize (i.e., first past the post) or a contest (with minimum performance characteristics)?

g) What is a reasonable time frame for the contest (as short as possible but long enough to allow technology developers to experiment with new technologies)?

Consensus on these aspects will be developed through consultations with various experts from within and outside the country, including, if needed, a workshop in October which brings together these experts for finalizing these details.

Comments from
Dr. Veena Joshi

I would like to emphasize that this opportunity comes in times where communication is much easier than in the 80s when the first initiative on cooking stoves was launched. We are in a new era and hence the ideas and the methods should reflect this newness while developing options to replace an age old practice i.e. cooking with biomass.

 Part 1: Global Innovation Contest

Designing the challenge- Customer base should be defined on the basis of food habits of an agro-climatic zone.  This could also be a parameter for the contestants to define the applicability of their stove. Subsequently, this can be a criterion for selecting the design.

In my view a contest will promote more ideas to the table.

18 months time frame from the entry into contest to final selection of the product designs seems reasonable.
Part 2: Technical aspects

Please include cooking practices as a 4th topic in the proposed WS on different technical aspects.

Part 3: Delivery Models

One of SDC projects is to market irrigation systems for small and marginal farmers. I would suggest that this project experience would be useful to look into while designing deployment strategies for new stoves.

LPG/pressure cooker rural network could also give us useful insights.

Comments from
Dr. Svati Bhogle
I thought that I should put across my experiences in interacting with household stove users over the past two and a half decades in bullet points. May provide some insights into what I have experienced as the thought process of the rural woman. I have often asked women what they were looking for in an improved stove. Their preferences in order of priority in the regions where I visited (limited fuel stress), 

a) Smokelessness, (communicated as eye irritation and respiratory problems largely for the children around them). This preference was i think of relatively recent origin considering the awareness about harmful effects of smoke as a result of the NPIC programme)

b) Faster cooking, time saving

c) Clean vessels (soot free operation), 

d) Fuel saving

e) Safety, (more an issue in the case of portable stoves because they fear that the stove may topple while in vigorous use)

f) Ergonomics (they should not have to change their cooking habits or posture). This has implication on the height of the stove. Some women showed me bruised wrists because of the stove height and the process of roti making)

g) Women seemed to prefer a fixed stove over a portable stove in the kitchen. They may be okay with a portable stove as the second stove in the same way as LPG stoves are used. 

Although mud stoves were preferred, women were open to cement stoves. While mud stoves contributed to the grace and charm of the kitchen, cement stoves were relatively maintenance free. Of course these women were not exposed to the conveniences of emerging stoves. 

The trend seems to be to shift to agro residues wherever and whenever possible largely to reduce the time spent in collecting fuel. There also seems to be an evolving tradition among agricultural labour that the labour is allowed to take away the agro residue from the farms and plantations where they work. It is not uncommon to see different types of fuel stacked outside a house and in the cattle shed. So when women said they wanted a multi fuel stove, they would mean stoves that can burn husk, saw dust, wood, coconut waste etc. 

There is always a conflict within the family about smoke in the kitchen; men preferred it to a limited extent because it kept their produce stored above the kitchen dry. Women who had suffered long years of smoke were very clear that they and more importantly their children should not be exposed to smoke. 

LPG is the preferred fuel but it is sparingly used always because of the high cost of fuel and very poor penetration of distribution network. An LPG cylinder usually lasts for 4 months and often the household has to take the cylinder to an exchange point as there is still a problem with the last mile connectivity. 

Kerosene is not preferred because of the problems in supply and more importantly the quality of the stove. Kerosene stoves are often in very poor shape and food cooked on bad kerosene stoves smells of kerosene which is a repulsive smell. The aroma of a smoky wood fire is more acceptable. 

 There are peak seasons when stoves are sold- from January to May is the best time for selling stoves. Stoves costing around Rs 500 would be very difficult to sell largely because the amount is too small for a stove loan from the SHG and too high for a personal investment. Stoves costing Rs 1000 may sell to a limited market only if the stove is an inspirational product. Looks and behaves like an LPG stove. Even then women would be embarrassed to tell their friends and neighbours that they paid such a high amount for a wood stove whereas it would be okay to pay the same cost for an LPG stove. So issue of positioning of fuel efficient household stoves need to be addressed. 

Therefore most households would be wary of the new single pan portable stoves of high efficiency that are invading the commercial market. Women would take some time to totally shift to a new stove by dismantling the conventional stove. Stoves that have components that need to be replaced would also not arouse consumer confidence. 

The stove dissemination programme would take off well in regions where women's time is valued. A household would be more inclined to invest in a time saving stove when the women are engaged in say beedi rolling. 

It is commonly believed that an unsubsidized stove programme would not take off because men control the finances and the stove is a woman's need. But women from several regions in the south have informally told us that they can influence their husbands and family members but it takes time. So stoves should be available for sale over long periods and not for a week in a village fair or some such location.

Brainstorming Session on Improved Chulhas – Some Comments

Dr. Sangeeta Kohli

Department of Mechanical Engineering, IIT Delhi

At the outset I would like to thank the MNRE and all others for taking this initiative and giving us an opportunity to participate in the discussion on March 7, 2009. I would like to offer my comments on the proceedings of that meeting. I would like to put my comments in two categories: technology and dissemination.

1) Technology Options:

A Good Chulha

Anyone who has been associated with design and/or analysis of a chulha would agree that design of a ‘good’ chulha is not an easy task. Technically, a ‘good’ chulha should have high efficiency and low emissions with the fuel available in the region, long life and low maintenance requirements but at the same time it must also satisfy some other requirements like ease of operation, compatibility with food habits, and affordability by the target group. To incorporate all in a single design is indeed a tall order. 

Difficulties in Chulha Design
The design of a good chulha particularly becomes difficult vis-à-vis many other modern products because there aren’t any well-accepted methodologies in place for design of a chulha.  Much of the designing is done in a hit and trial mode. In view of some of us, who have been involved in analysis of chulhas for some time, this is largely due to lack of good technical inputs in the development of this technology. If we want to design a heat exchanger, we have a wide range of correlations available, which are a result of high quality experimental and analytical research. Even an industrial burner using a gaseous fuel can be designed using empirical correlations. However, the chulha as a technical device has still not reached that level. 

It is because of this difficulty that NPIC saw a very wide range of designs most of them without a sound technical research backing. With the immense pressure on the TBUs to meet the targets, only a cut and trial approach could be used with limited understanding of the complex coupling of the phenomena taking place in the chulha. 

Need for Range of Designs

In the current scenario, the emphasis on clean combustion, the visions of some researchers and developments in the gasification technology have brought forth a variety of very promising stove designs. Thanks to these developments, the biomass based cooking is getting a completely fresh outlook. However, it must be understood that in a country like India, a single type of chulha cannot be the ‘right’ choice for everyone using biomass for cooking. The currently available ‘good chulhas’ notwithstanding, there is still a need for doing the required R&D for bringing out ‘many designs’ with good technical performance which the user can choose from to suit her needs and her pocket. Also, a single chulha may not give high performance in all applications, like roti making, simmering of milk etc. Moreover, at times, it may be important for the designer to compromise somewhat on the performance to provide a low cost and durable option to the user. There is a need for a range of products which can meet the needs of different economic strata of the society as well as different geographical regions.  

Hence, it is suggested that at least some groups involved in chulha design/analysis/dissemination come together, share their strengths and come up with generic design methodologies and consequently several designs of improved chulhas which can meet the desired standards. 

Improved Chulhas and Private Entrepreneurship

In the view of some of us, any intervention in the rural areas to improve their living standard must not be seen in isolation from their most fundamental need – of income generation. For majority of the rural populace, the living standards are abysmally low, primarily because they don’t have the required source of income. Thus, any intervention must be first seen as an opportunity of providing local employment through development of local entrepreneurs. It is easy to see that improved chulha technology has a very good potential to contribute to the same.  

Fuel Supply

I think it has been rightly identified that a marked improvement in chulha performance is possible only with processed fuel. Broadly speaking, there will be two kinds of fuel processing:

1. Cutting of woody fuel into smaller pieces

2. Grinding and pelletizing of loose biomass

Both of these can easily be carried out by local entrepreneurs. Small cutters – hand-operated as well as with small motors are available for chopping of long woody fuel into smaller pieces. At the meeting in MNRE, it was mentioned by the BP representative that the pellets prepared by BP require a machine with a large capacity motor and hence this process is not suitable for decentralized operation. This does not seem to hold enough ground. There are smaller machines available. In IIT Delhi a machine with 7.5 hp motor is due to be installed for making pellets to feed the gasifier. Similar machines can be used by a local entrepreneur for providing the processed fuel for chulhas.

Similarly, depending upon the designs, it may be possible for at least some of the improved chulhas to be assembled/manufactured at the local level, without compromising on the critical dimensions. This will have to be worked out for individual designs.

The argument of economies of scale must be seen against the backdrop of need for employment generation in the villages. Rather than making the villagers do labour work provided by the government under the NREGA, an initiative to develop local entrepreneurs in the activities relevant to the rural populace would be much more desirable.

It is important to keep this in view particularly in a scenario where multinationals would want to capture the huge market of rural areas and not let the local entrepreneurs develop independent of them. After the controversial role of multinationals in Indian agriculture, the emphasis needs to be on empowering the user to meet their energy needs on their own terms.  

Moreover, if the knowledge base in chulha design rests with only private parties, the information is not likely to become open source. We need to work towards a situation where this knowledge base is available to anyone who would look for it. 

Standardization and Testing

As already mentioned, for a technology like a chulha, there have to be different levels of standards. Some compromise on the performance can bring the cost substantially down. Hence the certification of chulhas can grade the chulha designs in consonance with their performance, with a certain minimum level of performance for certification.

It is important for MNRE to set up well-equipped labs in different zones of the country for testing and certification of chulhas. 

Finally, I would like to state that MNRE should be more open and invite all people to participate in the effort rather than identifying narrow groups (as TBUs in the past), which have the monopoly of getting funding from the MNRE. Anyone not belonging to these TBUs was never given any funding irrespective of their interest in contributing to the field.

Summary

I would like to summarize the above points as follows:

a) Need for R&D to develop the methodologies for chulha design as well as for developing a variety of new designs with high performance catering to a wide range of needs. A few groups need to come together to give technical inputs as well those related to field experience.

b) Need to develop technical information on chulha design which can be accessible to everyone rather than depend primarily on the patented designs by private parties. 

c) Need for local entrepreneurship at various levels – fuel supply, chulha manufacture/assembly, maintenance etc. Caution needs to be exercised in letting multinationals play a major role in the program since their intent to capture the market may hamper the long term interests of the local community. 

d) Need for different levels of standards with a minimum level of performance required for certification.

Our Interest

In IIT Delhi, three of us in the Mechanical Engineering Department – Prof M.R. Ravi, Prof Anjan Ray and I have been involved in analysis of some stoves in the past decade or so. Besides, Prof Rajendra Prasad from Centre for Rural Development and Technology was associated with NPIC earlier and has developed certain stove designs. We can formulate proposals for further work as part of this initiative. For now, I would like to say on others’ behalf that we would like to be a part of primarily the R&D group with participation in the group on standardization as well.

Evolving Desirable Delivery Model for Large Scale Dissemination of Improved Cookstoves

Ibrahim Hafeezur Rehman, TERI, New Delhi

Introduction

Past experience suggests some bottlenecks in large scale deployments of cook stoves. Review of various cook stove related deployment initiatives at local or regional level suggests that:

a) As women are main users of technology, promotion, dissemination or deployment of improved cook stoves needs to be targeted towards women. This requires a marketing and delivery strategy that keeps women at the centre of the dissemination process. 

b) Often agencies/institutions and related stakeholders have limited capacities for taking the dissemination and deployment process forward. In this context the understanding of rural market chains and the possibility of piggy-backing on some of them needs to be explored

c) Often rural households express interest to purchase ‘improved’ Cookstoves but may not be in a position to pay upfront. Hence, financial incentives need to be worked out in a manner that benefits end users while ensuring development of a sustainable market value chain

d) Off the shelf availability of quality products at the local level needs to be ensured. This would require development of a wholesale-retail value chain. Also, for select technologies, capacity needs to be developed at local level to ensure decentralized modification of these technologies to cater to local needs. 

e) Post sales service and repair is necessary for sustaining adoption of new cooking technology. If proper repair maintenance and replacement of spares is not in place then users often revert back to the traditional stoves. Therefore, it is desirable that decentralized repair and maintenance facilities are available close to the end users.  

Based on the above mentioned points it is desirable that a strategy is formulated for a robust delivery mechanism before actual implementation of a national level programme to avoid repeating the mistakes/loopholes identified from past experience.  Some of the key action points in this regard have been indicated below.

	Sl. No.
	Activity/ Task
	Deliverables
	Estimated cost

	1
	Stakeholder consultations with   manufacturers, NGOs and government entities who are/have been associated with Cookstove related dissemination initiatives
	Identification of collaborators/sub groups for taking forward different components of the action plan
	15 lacs (5 conferences- 4 regional &1 national; 

20 participants each; return airfare , lunch etc)

	2
	Study of existing best practices and successful dissemination models for improved cook stoves through review of secondary literature (e.g. from NPIC, models of Arti, etc.).   
	Document and derive learning related to delivery mechanisms - what works and what does not work under various situations
	10 lacs

	3
	Determine specific gaps in market value chain development for large scale deployment of stoves
	Report on identified gaps at policy, market and capacity levels for large scale deployment of cook stoves.   
	10 lacs

	4
	Determine capacity building needs for development of an end user friendly market chain for large scale deployment of Cookstoves 
	Identify national/ state level nodal training centre for imparting technical, business management and personality development skills for various stakeholders like rural entrepreneurs responsible for sales and after sales service
	20 lacs

	5
	Assess and compare approaches for centralized and decentralized deployment of cook stove technology including economic/ business models 
	Develop optimal supply chain management strategy clearly identifying strategy for both macro level centralized manufacturing and decentralized local level entrepreneurship  
	40 lacs (Need for field based trials to compare and test approaches)

	6
	Study of desirable financial support mechanisms through literature, review, consultation with manufacturers, financial institutions and end users

  
	Evolve options for financial incentive and support such as CDM, micro-finance to 

1. Manufacturing companies for research and facilitate economy of scale production 

2. Rural users to ensure wider penetration of improved cooking technology


	10 lacs

	7
	Provide specific policy, regulatory and financing related recommendations for evolving a robust delivery process for large scale deployments
	Formulate specific policy recommendations and financing schemes like specific role of manufacturers, government agencies, entrepreneurs and civil society organizations
	10 lacs


Comments from
Dr B.S. Dutta Prasad

QPRE Energy (India) Private Limited,

We QPRE Energy (India) Private Limited, are interested to be involved in all the below groups if possible.

a) R & D and Technology development

b) Standards development

c) Fuel processing, its cost and availability

d) Cost of improved chullas and financing

e) Fiscal incentives, monitoring and evaluation

Following is a few our initial ideas that need to be considered.  Note that we would provide additional feedback as we get involved.

R & D and Technology development

a) Consider quality and newer technology 

b) Provide incentives (financial and tax breaks) for R&D.

c) Provide support and subsidy for patenting technologies especially outside India to protect the intellectual property.

d) Reducing Indoor Air Pollution.

e) Facilitate technology transfer and provide tax incentives.

Standards development

a) One standard does NOT fit all.  Each technology warrants different design and operational modes.  So, the standards to evaluate to be created to evaluate at par feature.

b) Manufacturers testing conditions should be considered.  For example, stoves which take less fuel is designed to take multiple refuel, but stove which are design to take more fuel need not have many refuels.   The standards cannot test the stove which does not need refuels the same way by putting less fuel and keep refuelling.  Remember that refuelling does cause additional smoke, particular matter especially in gasification.  When the stove is designed for less refuelling a common standard will give the impression that the stove did not meet standards, where in reality it has met the standards and in fact better performs. 

c) Pre and post training should be considered as part of setting standards.

d) A moderately efficient design capable of offering sustained performance under field conditions will be more desirable than an extremely efficient design, which is very sensitive to operational in adequacies.

e) Standards to consider practical usage of the stove and not set the standard that does not serve any practical usage.  

Fuel processing, its cost and availability

a) Need to consider various fuel used and food habits for our nation.

b) Saving fuel wood to promote deforestation should be considered.

c) Stove should be able to work with any kind of biomass.

d) Supplying fuel is a failed strategy.  Strategy should be to let the end-user use the available biomass in the geographical region.  Cost of supplying fuel is very expensive and subsidizing that will lead to costly maintenance of the stove. 

Cost of improved chulhas and financing

a) Cost is a very sensitive issue with the end user.  Price of the stove cannot be the only consideration. It has been proven that the quality and the practical usage of the stove is what will make this a success and not only the cost of stove. 

b) Subsidy should be provided and in fairness the subsidy should be based on average costing and/or percentage of the manufacture’s selling price.  Subsidy cannot favour one manufacturer or the other.  For example, providing a fixed subsidy of say Rs. 500 will favour a manufacturer which MRP is Rs. 700 and will hurt the dissemination of a stove whose MRP is Rs. 1300.  

c) Micro finance should be considered to make this program a quick acceptance.

Fiscal incentives, monitoring and evaluation

a) All taxes (VAT, CST, Excise….) should be exempted.

b) Stove manufacturers who require capital funds to expand and provide healthy competition should be helped by the central government.  Though the product can be competitive, some manufacturers who have large backing of funds can over run the competition not by the quality of the stove, but by the sheer length of time that they can sustain without any help from external funds.

c) Stove manufacturers should be provided with some percent of advance money for the purchase orders to better facilitate cash flow. 

d) Should be implemented in a decentralized manner.

e) Live demonstration of chulhas should be the considered so that end user should feels that the change is for the betterment over old traditional stoves.

f) Need to have good number of Workshops, Exhibitions at panchayat levels to bring in awareness about improves stoves, benefits etc.

g) Providing Social/community benefits like increase in leisure time for womenfolk to actively participate in family and community activities.

h) Lessen the burden on the Government health care system.

i) Training programs should be the back bone for this program.

j) The success of the program as that of the implementing agency will certainly lie in making a choice of right model for each location. The chulhas should not only be efficient, but it should also be rugged and offer persistent good performance for a range of fuel and a range of usage.

k) An improved chulha saves nothing nor provides any benefits if it is not used; similarly if it is not used in large numbers then the impact will be lass significant. Therefore the purpose of dissemination must be to share and distribute the benefits

l) Strong implementation, monitoring need is there.

Calculations to Show the Quantity of Different Household Fuels Required to Meet the Lifeline Consumption of Fuel for Cooking in Targeted Households

B. Srinivasan, Joint Adviser, Planning Commission

	Type of fuel used for cooking
	Rural Households (Nos.)
	Urban Households

(Nos.)
	Total Households

(Nos.)

	Fire-wood
	88,635,032 (64.1)
	12,207,619 (22.7)
	100,842,651 (52.5)

	Crop residue
	18,115,410 (13.1)
	1,139,441 (2.1)
	19,254,851 (10.0)

	Cowdung cake
	17,694,317 (12.8)
	1,064,568 (2.0)
	18,758,885 (9.8)

	Coal, lignite, charcoal
	1,475,498 (1.1)
	2,457,232 (4.6)
	3,932,730 (2.0)

	Kerosene
	2,240,227 (1.6)
	10,228,689 (19.2)
	12,528,916 (6.5)

	LPG
	7,845,161 (5.7)
	25,751,637 (48.0)
	33,596,798 (17.5)

	Electricity
	173,042 (0.1)
	165,012 (0.3)
	338,054 (0.2)

	Biogas
	647,927 (0.5)
	201,171 (0.4)
	849,098 (0.4)

	Any other
	1,135,083 (0.8)
	96,644 (0.2)
	1,231,727 (0.6)

	No cooking
	309,862 (0.2)
	320,363 (0.6)
	630,225 (0.3)

	Total
	138,271,559 (100)
	53,692,376 (100)
	191,963,935 (100)


Source: Census of India 2001

Figs. In brackets indicate per cent of households covered.

Lifeline consumption

Integrated Energy Policy Report contains the following recommendation in Section 8.3 of Chapter on “Household Energy Security: Electricity and Clean Fuels for All”.

“Provide monthly entitlement of 30 units of electricity and 6 kg of LPG or equivalent amount of kerosene for one or both lifeline energy needs through a system of Smart/Debit cards with varying levels of direct cash support to targeted households as detailed above”.

Provision of 6 kg of LPG per household per month 
= 6kg x 10,882 kcal/kg

                                                                                   
 = 65,292 kcal /household/month

LPG stove burner efficiency                                      
= 60%

Therefore, actual kcal of fuel supplied                     
= 65,292 x 0.6

                                                                                     
= 39,175.2 kcal

Requirement of wood as fuel to supply the same kcal

Open chulha efficiency                                  

= 17%

Therefore, actual kcal to be supplied             

= (39,175.2) / (0.17)

                                                                            

= 2, 30,442 kcal

Calorific value of wood                                      

= 4708 kcal/kg

Therefore, kg of wood required                          
= (2, 30,442 kcal) / (4708 kcal/kg)

                                                                            

= 48.95 kg /household/month 

Requirement of kerosene as fuel to supply the same kcal

Kerosene stove (pressure stove) efficiency 

= 50%

Therefore, actual kcal to be supplied           

= (39,175.2) / (0.5)

                                                                     

= 78,350.4 kcal

Calorific value of kerosene                          

= 9122 kcal/litre

Therefore, litres of kerosene required        

= (78,350.4 kcal) / (9122 kcal/litre)

                                                                    

= 8.59 litres/month/household

Requirement of biogas as fuel to supply the same kcal

Biogas stove efficiency                            

= 60%

Therefore, actual kcal to be supplied       

= (39175.2) / (0.6)

                                                                 


= 65,292 kcal

Calorific value of biogas                          

= 4713 kcal/m3
Therefore, quantity of biogas required   
 
= (65,292 kcal) / (4713 kcal/m3)

                                                                 


= 13.85 m3

1 m3 of biogas require 25 kg of wet cow dung

Therefore, cow dung (wet) required        

= 13.85 m3 x 25 kg/m3

                                                                


= 346.25 kg/month/household

Equivalent quantity of dry cow dung 


= (0.25) x 346.25

                                                          


= 86.56 kg/month/household
Requirement of cow dung (direct burning) as fuel to supply the same kcal

Cow dung (dry) direct burning efficiency     
 
= 11%

 Therefore, actual kcal to be supplied 

= (39,175.2) / (0.11)

                                                             


= 3, 56,138.8 kcal

Calorific value of cow dung cake                 

= 2092 kcal/kg

Therefore, quantity of cow dung cakes required
= (3, 56,138.8 kcal) / (2092 kcal/kg)

                                                                  


= 170 kg/month/household

Response on the Brainstorming Consultation on Improved Biomass Cookstoves/Chulhas on 7.03.2009

Dr. Rachel George

Retired Prof. & Head, TBSU, Vadodara

Introduction

Let me at the outset express my deep appreciation for your kind invitation to the ‘Brain Storming Consultation on Improved Biomass Cook-stoves/ Chulhas’ on 7th March 2009. It was indeed a privilege and pleasure to be part of the thought process to revive improved Cook stove programme that has the power to lighten the lives and mitigate the drudgery  of women over burdened with household chores of which the most cumbersome and hazardous yet unavoidable being the cooking fuel cycle at the end-user side. Apart from this, the cook stove programme assumes paramount significance in view of the contribution it can make to India’s sustainable development agenda, energy and climate change issues. 

Women from rural areas and from households with relatively lesser means, though not necessarily from the BPL section of the society, are hard hit by continued use of traditional Chulhas and fuel wood scarcity compounded by pollutant emissions from traditional wood-burning stoves. In such a scenario, the value of improved cook-stoves (with and without chimney) cannot be under estimated and under stated. 

It was to the chagrin of the millions of women burning biomass in their kitchens using crude locally handmade Chulhas, that the improved chulha programme (NPIC) came to a standstill in 2001 – 02. Those women who adopted improved Chulhas in Gujarat state were willing to incur the cost of getting replacements for worn out Chulhas and those who were not covered under the scheme were willing to pay for its cost to own the same. Realization of the benefits of improved Chulhas to conserve fuel wood, to ensure a clean smoke free cooking area, to make cooking a pleasant activity and to ensure a positive impact on health had dawned on the women cooks and their families. The user women were handicapped to get replacements of parts or the chulha in totality as per specifications to reinstall or remake thermally efficient Chulhas that have worn out for want of local technically qualified persons and due to non availability of replacements in the local market and lack of government impetus. Those with some imagination either made replicas of the model on their own or repaired them (many a time altering the dimension specifications unintentionally thereby affecting thermal efficiency of the stove to a negligible extent) to render their kitchens smoke and soot free and also to reap other benefits associated with it. 

The adopters as well as its potential users in Gujarat State had begun to reveal confidence in the technology and in the government programme as a result of the hard work of the staff of TBSU, Baroda and the strong support it received from Govt. of Gujarat and Govt. of India through the then MNES and the multi model - multi design - multi agency approach that was followed in implementation of NPIC at grass root level then. The commitment of the many NGOs and District Development Officers and their staff due to the continuous follow up by TBSU Baroda too contributed to the success of NPIC in Gujarat. There was demand for improved Chulhas in the state of Gujarat where the undersigned was looking after the Technical Back up Support Unit under NPIC since 1986 till 2001-02. It was at such a time (2001-02) that the programme came to a standstill. 

It is very heartening to note that the Govt. of India (MNRE) is envisaging revival of improved chulha programme. Improved Cookstoves programme is a complex technology transfer programme as it covers a multitude of population with diverse cooking practices, food habits and taboos and beliefs centring on the stove or the fire place for meal preparation. Also another important ground reality is that in many kitchens in the rural, semi urban and urban areas, meals have been and are cooked and served on zero cost Chulhas using free fuels. 

Revival of the stove programme also entails rebuilding the confidence in the end users in particular and the people in general regarding a massive initiative like NPIC. 

Way forward for immediate future (action)…
Existing time tested improved designs and models for immediate promotion…

The programme of revival of improved Chulhas (say, NPIC) should start without losing time with existing time tested thermally efficient models/ designs of improved Chulhas with and without chimney with remarkably low emission characteristics     (i.e. well within the standards ear marked or set aside). Such existing models range from Rs.150/- to Rs.1000/- or so depending on its model, design features and material plus cost of chimney wherever applicable. 

Initially, for about six to eight months, the programme may include improved cook-stoves in local mud/clay-dung mixture. However, this should be a stop gap arrangement until mass production in pottery/ceramic/cast iron materials is in place. The time frame for the same shall not exceed six to eight months. Efforts ought to be made to revive and re-establish those who were identified and trained and those who collaborated under NPIC to manufacture prototype design. Simultaneously improved stove programme with stoves in mud/clay-dung mixture made in situ should be weaned out (i.e. within six to eight months or earlier, as soon as a few manufacturers of pottery/clay liners/cast iron /metal stoves are established. This effort would help to recapture the time, confidence and demand lost over the years since 2001 – 02.

Improved Chulhas are available for use of mixed bag of biomass and with power ratings of 1- 1.5 kW/hour more than adequate to meet domestic cooking needs. Stoves for dry dung cake and large capacity cooking have grating as an additional feature. Models in durable and robust material include those in cast iron or those with cast iron liners (cast iron liners could well be within Rs.1000/- to 1200/- in the case of two pot models at the present times). Less durable models than those with cast iron liners are those with pottery or ceramic liners (cost could be Rs.150/- or 300/- or so respectively) with a life of three to five years or more depending on the care in use and handling. 

Breakage in transportation is a factor to be taken into consideration while fixing cost or for free replacements under terms and conditions of order or purchase. The cost of cast iron liners is not prohibitive vis-à-vis its life (>15 years and if used properly a life time). 

Life of the stove vis-à-vis cost is an important criterion to consider. For example, cast iron liners have very long life (≥15 years) while well cared for pottery/ceramic liners can have three to five years or more. 

TBU, Baroda had developed cast iron liners of Mamta Chulha on a pilot scale (prototype) in 2000-01 and these liners had passed the quenching test. At that time (2000-01) it was priced at Rs. 480/-. However, it could not reach the commercial level due to reasons beyond the control of TBU, Baroda.  Samples of cast iron lined Chulhas are in use over seven years without any complaints in select households.

Therefore, immediate promotional efforts should focus on reviving already available durable models like or closed models with (i) cast iron liners or (ii) ceramic liners or (iii) pottery liners and/or (iv) cast iron chimneyless stoves (Priyagni) with some modification to use fuel as is in normal use without the necessity of chopping them to very short and thin pieces. 

To mention some of the field tested most popular models (photographs enclosed as a separate file for ready reference) in Gujarat and that are appropriate to be promoted elsewhere as well are: 

a. Mamta Chulha, the most popular two pot versatile chulha for a household size ranging from 4 to 10 or a little more members (thermal efficiency of 23 % in field and 27% to 29.5 % with a wide range of materials like mud with cement plastered finish,  brick-cement mortar with cement plastered finish,  cement-concrete, pottery liners in brick masonry and cast iron liners in brick masonry and the last gave the best thermal performance in lab; in Kitchen Performance Test the improved chulha (Mamta chulha the most popular model in Gujarat State) revealed    36.9 % less consumption on an average as compared to the traditional chulha with a sample size of 5 families for each type of chulha, the range being 29.8 to 42.4 %. The reduction in emissions due to improved chulha was observed to be 76, 71 and 87 % in reference to CO, NOx and TSP as compared to the Traditional shielded chulha in laboratory tests as well as in the field. CO/CO2 ratio was 0.029 and 0.03 in the lab and the field household tests respectively. Mamta - a fixed model gave a little better performance than Priyagni model - a portable metal chulha in emission characteristics. The air samples were collected at the breathing zone of a cook squatted on the floor 40 cm away from the stove. The fact that the improved Chulhas like Mamta chulha and portable metal chulha are far more superior to traditional chulha studied by TBSU Baroda is reported in “Indoor Air Pollution – Energy and Health for the Poor” (Issue no.2, December 2000) a publication of ESMAP, The World Bank.

b. Priya chulha two pot versatile chulha for a large household of 8 to 20 members or a little more (thermal efficiency of 32.8 % in lab). 

c. Supriya (thermal efficiency of 27 to 28 %) and Sumamta chulha (thermal efficiency of 23% to 24%) - Single pot designs with chimney. (Note: Use of grating improves thermal efficiency.)  

d. Kamadhenu I (24%) one pot closed design and II (30.6%) with grating - two pot closed design for dung cake and logs of fuel wood  

e. Shielded improved Chulhas (without chimney) in one and two pot stoves were also designed and developed in mud and field tested (22% for one pot stove and 24 to 25% for two pot stove in mud and in liners the performance of stove improves). Acceptability was cent per cent. These are low cost or zero material cost Chulhas if made in local clay-soil-dung-ash-sand mixture and pottery ceramic liners’ cost Rs. 150 to 300/- per unit of one and two pot shielded Chulhas respectively. Chimney cast is an additional cost to this. 

f. Apart from the above models, portable metal stove (Priyagni stove) has also been promoted in Gujarat State. 

The Chulhas under 2 (i) to (vi) above have been tested successfully in the field over many years with some adaptation as to the orientation of stove opening where required in the states of Gujarat, Kerala and Uttaranchal. Pottery and ceramic liners, and cast iron liners of such stoves to be laid in brick-cement- mortar body in situ with ceramic tiles (refractory tiles) on top apart from cement- concrete Chulhas have also been developed and tested in the lab and field successfully by TBU, Baroda. These are versatile designs appropriate for cooking across a cross section of users with differing economic background, household size, cooking needs, meal practices and cooking habits. 

Needless to say that there may be other models too that can be promoted in other states along with these models. In extreme cold regions shielded Chulhas will be appropriate other than those closed ones with water jacket for heating water utilizing waste heat from flue gas. 

a. All the existing models and designs of improved stoves may be assessed to short list the better of the same (with representations from each variant design and model) for implementation under the national programme. The feedback on performance, lab and field test reports (thermal and emission) from designer or TBSU, the establishment of ceramic unit and prototype design development of cast iron models etc. can be some of the criteria to shortlist the same as these can speed up the process. 

b. The combustion chamber of these models and designs can be further improved to obtain higher efficiency and lower emission values. However, it should be borne in mind that it would work out cheaper and more advantageous in the context of CDM to compromise a little on the efficiency and design to make the improved versions that are more user appropriate, simple to operate and reasonable in cost and workable and acceptable technology that will serve to achieve the global, national, local and end user goals. 

Future agenda and Development issues:

R&D for new design development:

R&D for design development of portable and fixed improved cook stoves costing ≤ Rs.1000/- with ≥ 50% efficiency in the former and ≥ 40% in the latter with emission values complying with available or new standards need attention of scientists and the government. 

The future models of improved chulha should be cost effective, affordable to average households, should not burden unduly the exchequer, should be durable/robust, versatile and user and environment friendly to accommodate variety of fuels (natural and processed), Therefore, my interest lies in all the five areas identified. Cooking needs, cooking practices, cooking methods and other requirements of the family, easily maintainable by any one responsible for cooking and allied tasks, with local availability of easily replaceable parts with excellent market tie ups for spare parts, repair and maintenance and even replacements. These stoves should also exhibit improved emission characteristics than the available designs.

Such new design/s should be simple in details and should be such that the same can be developed in pottery or ceramic liners. 

Innovative user and environment friendly design contest in new improved solid biomass burning stoves…

To attract the best design of combustion chamber and stove a national/global contest may be organized though it may not be of much use. The best design will be the one that satisfies (i) a minimum thermal efficiency value (40% for fixed closed models and 50% or so for portable models), (ii) low (pre decided) emission values for pollutants that pose health hazard (CO, TSP etc.) and (iii) a pre determined price range of Rs.800 to 1000/- that is affordable to average households /families and with the least burden on the exchequer (for those to whom a lifeline supply is envisaged like BPL families and other special categories such as Sr.citizens etc.). Further, the prototypes will be subjected to (iv) field tests to assess their comparative user acceptability and the best design will be identified on the basis of criteria (i) to (iv) as mentioned above under B 2 and others as deemed appropriate. If none of the entries meet the criteria set for the contest, no design will be adjudged as the prize winning entry. In case of any winning entry, the design of the same may be purchased by GOI for promotion in the field.

Such new design/s should be simple in details and should be such that the same can be developed in pottery or ceramic liners.

A multi model, multi design approach… 


A multi model, multi design approach as earlier is required to revive and implement NPIC. One single model-design approach will not be adequate to meet the cooking requirements of the diverse population of India. 

The potential users of improved Chulhas who burn solid biomass fuels range from (i) those under BPL (who gather fuel free of cost) to those who are affluent families with large or very large farms or plantations (who either has free fuel supply from own lands or buy from the market) who reside in rural, urban or semi urban areas and those who use a multitude of solid biomass fuels like low dense leafy biomass (coconut tree leaves or others) to dry dung cakes to fuel wood of different qualities and densities and (ii) those who cook simple meals comprising of one item like rice or roti or composite meals like rice or any other cereal - dhal mix as in Khichdi or complex multi dish meals and (iii) those who use a variety of cooking methods (boiling, stewing, steaming, roasting, broiling, pan roasting or barbequing, tandoori roti making, baking, brewing and so on and so forth, and (iv) vessels of varied dimensions, shapes (flat and round bottomed), and materials. Apart from this there are    (v) rural households with cattle and livestock that will require a stove to cook animal feed too in addition to cooking family meals. Some will require (vi) a portable chulha while a large number will require fixed chulhas. Some may prefer (vii) a chulha with chimney while some may want to go for a chulha without chimney. (viii) Some may be small, medium or large families/households while some may be single member units and some may want a chulha to be transported to the fields for a long period of time. 

However, irrespective of the diversity of requirements, they all would like to remove

heat, smoke (pollutant emissions) and soot, due to burning different forms of biomass fuels in the stove, from kitchen or cooking area to the outside so that their tasks of cooking and maintenance of chulha and its premises remain a pleasant easy one. 

Based on the field realities the following, probably, explains the approaches required. For e.g.:

a) Promote low end improved chulhas (costing Rs.50 to 100) on a cost/material sharing basis with differential levels of subsidy depending on the client traits like BPL category to ensure a life line supply of cook-stove and fuel. To name a few categories that need special consideration for lifeline supply are BPL families inclusive of SC/ST, Sr. citizens, physically challenged cooks, etc. Under this category, pottery liners of thermally efficient shielded designs, cement-concrete and brick-cement mortar models of improved stoves to be included. These liners may be fixed in situ in clay-sand-ash mixture or as per local traditional practice. The already trained potters may need refresher training in the identified improved stoves with the best performance characteristics. 

b) Medium (Rs.101 to Rs. 500) and high end (Rs.501 to Rs.1000) improved fixed or portable chulhas (closed or shielded type) without and with differential levels of subsidy depending on the economic strata of the client and end use technology features and fuel type (special fuel size and type like briquettes etc.) to ensure a life line supply of cook-stove and fuel. To name a few categories that need special consideration for lifeline supply are SC/ST families, Sr. citizens, physically challenged cooks, etc. Under this ceramic, pottery and cast iron liners of improved chulha models and metal improved stoves (closed or shielded type) need to be promoted. The fixed designs may be installed in situ using brick-cement-mortar. These stoves are more durable.   

c) The stoves as under a) and b) may be large or medium power rated Chulhas with one or two pot facility as required.

Multi Agency Approach…
Depending on the field requirements and the models chosen for dissemination in a location, multi agency approach will be required to promote the technology. In case of factory manufactured portable metal chulha and fuels or fixed chulhas with pottery / ceramic / cast iron liners and other parts like chimney, cowl etc. (probably with a User manual / DO-IT-YOURSELF manual) appropriate distribution channel need to be in place. 
a. Whereas in the case of low cost improved stoves in cement concrete or in pottery and to install liners (pottery/ceramic/cast iron) of medium cost stoves in brick-cement-mortar in situ, local work force is an absolute necessity. 

b. Similarly, to trouble shoot and to attend to repair and maintenance, the same work force as above can be equipped. 

c. In either of the cases as in (b) and (c) above, the remuneration to the service personnel should come from the end user or technology adopter. 

Entrepreneurship in Improved Bio-mass Burning Stove technology and Processed Fuels…
Both Improved Bio-mass Burning Stove technology and Processed Fuels provide wide scope for impacting rural economy through entrepreneurship and distribution channels at the local level.   

a. Appropriate strategy should be in place to make easily available parts of improved chulha or the stove in totality (all components) in the local market for quick installation of the entire chulha and replacements of worn out parts. This was observed to be a significant problem encountered by the local adopters of the said technology in villages. A delay in availability can force the user to switch back to traditional open fire or shielded chulha as cooking task cannot be stopped.

b. Just like improved chulhas, processed fuels too need to be produced and marketed in a decentralized manner to encourage local entrepreneurship and easy marketing. 

c. Thus, appropriate marketing and distribution channel such as manufacturer/ entrepreneur – dealer – agent – retailer chain, PDS as well as self employed local entrepreneurial work force (SHGs / Kudumbasrees or NREGA or even artisans) need to be developed and roped in.

Fuel processing, its cost and availability…
a. A decentralized approach to promote local entrepreneurship (individual or group as in SHGs or Kudumbasrees) is necessary to make processed fuels available locally at relatively lower cost vis-à-vis need for the same and also to impact upon local economy along with regional or sub regional centers for large scale production. 

b. It is necessary to ascertain the existing and potential market and existing status of technologies and self employed / entrepreneurs in the field of precessed fuls for solid biomass burning stoves in the country. 

Promotional Strategy and Unified Client Education/Awareness Generation/ Publicity Material… 
a) Appropriate need based, location, client and technology (model/design) specific promotional strategy is an absolute requirement for effective percolation and adoption of improved chulhas in the field. More or less unified promotional education modules need to be developed and adopted by all concerned to popularize the improved chulhas at the grass root level or at the end user level.

b) A multi – pronged approach (rather than fuel conservation and national need approach) is required to make the technology penetrate into all the solid bio-mass burning households. This is so as the cost of fuel for cooking and stove are not a part of family expenditure. Moreover, until R&D efforts were directed towards the goal of making thermally efficient pollution free traditional cook stoves under NPIC, no concerted scientific input had gone into it in India. Neither the women nor their family considers it important to switch over to improved Chulhas to save fuel or its cost as it is a free fuel for them. Experience has shown that ‘health issue’ adequately demonstrated to users is a major motivating factor for them to adopt improved stove technology. Once the technology is accepted and adopted as an integral part in daily cooking all other benefits (positive impact on climate change, mitigation of black carbon, clean cooking area etc.) will follow automatically.

To mention a few of the different approaches that need to be focused on, in promotional modules are: 

a) Thermal efficiency vis-à-vis fuel conservation, time and effort saving, elimination or noticeable reduction in pollution (within the standards permissible) vis-à-vis health impact on women, children and elderly, impact on climate change, black carbon, other TSP etc.  

b) Appreciation of modern technology and upward mobility in the fuel ladder to the extent of promotion from crude traditional 3-stone or shielded low efficient chulhas to improved Chulhas and also from crude biomass to processed biomass like briquettes to liquid / gaseous fuels

c) The opportunity cost in continued use of TRC which would deprive them of income generating skill acquisition and generation of income thereof, better care of children, others and self, and  

d) Widening scope for income generation through the potential for entrepreneurship / self employment individually or in groups as by Self Help Groups etc. in improved cook-stove and improved fuel technology.

e) It is important to take into consideration the mob psychology or the desire to keep up with the ‘Joneses’, i.e. to go for a model like the neighbour has, though not appropriate. Here proper assistance and education of the user family and the cook is of utmost importance to assist them to make the right choice.

f) User appreciation related to traditional stove material vis-à-vis modern materials should be borne in mind while considering stove for dissemination. For example in Kerala the traditional stoves have been and are still in pottery liners and so improved mud chulhas will not have much relevance except probably in hilly regions and tribal areas where even pottery liners will be appreciated by an average user. Whereas in other areas improved chulhas in cast iron liners laid in brick masonry with tiled (preferably refractory tiled) top surface would be appreciated and adopted.

Standards Development, Labeling and Name Plate: 
a) Standard specifications need to be drawn for portable (metal) and fixed chulhas with cast iron liners of each of the specific improved designs. A certain minimum performance level and emission characteristics ought to be in place for a design model to become eligible for consideration of certification.  

b) The improved stoves ought to be given green label (one, two or three green circles etc.) in consonance with its potential to reduce emissions (environment friendly traits) so as to enable the potential users to select the model vis-à-vis health benefits and cost.

c) Further improved Chulhas may be graded as Grade I, Grade II, Grade III etc. in accordance with its performance characteristics (both thermal and emission) with Grade I. and 3 green circles denoting the best in both features respectively. A stove may carry Grade I, II or III label with one, two or three green circles as the case may be. 

d) Every approved model and its parts thereof should carry Name plate with all necessary details as deemed appropriate along with a guarantee/warranty card. This would empower the users apart from enhancing the accountability of the producer.

e) Manufacturers who are willing to comply by the standard specifications for the production of the said cast iron liners or metal Chulhas should be approved as per the provisions under the Indian Standards Act 1986 to use Standard Mark (ISI) assuring quality of the product. 

f) Incentives may be provided to manufacturers who show readiness to make such cast iron liners or metal Chulhas as per standard specifications.

g) Such improved solid biomass burning stoves will have assured minimum thermal performance and low emission characteristics and will ensure minimal health hazards, clean cooking and other benefits to end users apart from meeting national goals and international agenda on climate change. 

Role of Government…

Government’s role in drawing up policy decisions and implementation strategies needs special emphasis. 

a) Government has a significant role to play in the replacement of all mud Chulhas from the field at all costs by improved stoves (i) with liners in pottery / ceramic / cast iron and (ii) metal stoves as early as possible as a measure to revolutionize cooking task. This is a target that ought to be achieved in a stipulated time frame. 

b) Government (MNRE) has a pivotal role in setting up of new TBSUs and revival of old TBSUs and well equipped laboratories 

c) Technical Backup Support Units are needed to support the programme. The role of experienced scientists to participate in the programme of revival of the improved chulha programme and to give leadership and direction in different states cannot be under stated. The experienced leaders can be great assets not only to the revival scheme, but also its management, monitoring, feedback and evaluation

d) It shall be the prerogative of Government (MNRE) in consultation with the TBSUs and a few other stakeholders in the programme as deemed fit and necessary to draw up standard specifications as well as scheme for labelling and affixing name plates etc. in appropriate designs and models.

e) Government (MNRE) should take up evaluation of existing designs and models of improved stoves through a select set of its new or old using experienced staff of TBSUs as it is necessary to further short list the best of the stoves from different existing designs and models as appropriate for different households in different locations. 

f) Similarly, the existing status and potential for processed fuel market including technologies need to be assessed to measure the scope for furthering this as an area for decentralized entrepreneurial ventures. 

g) Well equipped labs need to be set up in a decentralized manner (especially with proven committed scientists in partnering institutes where TBSUs may be established). These laboratories will undertake testing of Chulhas to assess its performance characteristics both thermal and emission characteristics vis-a-vis material, design and model.

h) viii)Entrepreneurship development (both women and men in individual capacity  or in groups), training and establishment of such entrepreneurs in metal (cast iron)  or other liners and in strong durable robust metal portable improved cook stoves need to be taken up in a big (on a war footing) but organized decentralized manner to meet the local needs of the programme. It is of utmost significance to promote local entrepreneurship in improved cook stove technology in the context of multinationals wanting to capture the Indian biomass burning cook stove market (a huge market of households and other establishments) devouring the scope of establishment of local entrepreneurs who are capable of improving local economies through the manufacture of stoves to meet the differing needs of the diverse population.  

i) Private-Public and Industry-Institute partnerships need to be supported adequately and appropriately by the government as an initiative to involve promising new scientific interests in design modification and development of new innovative user friendly concepts in improved chulha. 

j) Review the programme periodically and assess the need for policy changes, formulation of new policies etc. to enhance the penetration and adoption of  the programme to all end users within the shortest time in an efficient and effective manner.

Cost of improved Chulhas and financing…

The cost of improved Chulhas and financial aspects like cost should be chalked out in accordance with the design, model, and all factors of cost of production, profit, loss in transportation and so on and so forth along with fiscal incentives in order to encourage it manufacture/production with minimal burden on the exchequer and the families BPL  


Input to Technical Backup Support Units (TBSUs):

a) The role of Technical Backup Support Units in a massive programme like improved cook-stove programme where 70% of Indian households if not 80% or more are to be covered cannot be under stated or undervalued. TBSUs need to be supported with adequate staff and finances for R&D work, training to build and strengthen capabilities: 

b) To get manufacturers of pottery/ceramic/cast iron/metal shielded and closed models established 

c) To undertake tests as Testing laboratories for standardization purpose (as recognized by BIS) 

d) To assess performance characteristics (thermal and emission) of improved biomass stoves for promotion in the field

e) To monitor, to follow up and get feedback from all stake holders especially from entrepreneurs, manufacturers, and everyone in the channel of distribution, end users, NGOs and GOs etc. 

f) To assist the Government in all matters pertaining to the programme including policy directions to enhance effectiveness and efficiency of implementation of the programme and achieve the goals and any other task as deemed fit and needed.   

g) It is of utmost importance that the TBSUs be headed by scientists with proven track record, dedication and commitment to biomass fuel conservation, mitigation of hardships and health hazards of women who are the main participants in cooking fuel cycle and have an understanding of the larger picture and relevance of the technology in the global and national scene (CDM), economic development etc.  

Fiscal incentives, monitoring and feedback / evaluation…

Fiscal incentives like tax holidays and exemption of excise duty, cost sharing (subsidy to ensure life line supply of both the technology and fuel or loan)  and others as deemed fit and appropriate need to be in place to encourage and promote entry of entrepreneurs into the scheme and adoption of the technology by end users. Proper mechanism to publicize, popularize and promote as well as encourage adoption at end user side, to monitor, to collect feedback and to evaluate field performance of the new programme and review of performance of all stakeholders has to be in place to ensure its sustainability.

Sustainability of the Improved Cook stove Programme and CDM… 

The Government (MNRE) has a role to play in successfully sustaining the programme of improved cook stoves in the light of CDM at the global level and the well defined goals of biomass/fuel conservation, reduction in green house gases and TSP in the environment at the national level and mitigation of health hazards from burning solid biomass fuels in domestic cooking  and mitigation of hardships of women in cooking fuel cycle and biomass burning households, and entrepreneurship development in cook stoves at the local level. 

Once the programme becomes sustainable through appropriate marketing, after-sales service and promotional strategy and once the programme has reached a self sustainable stage, the role of Government will be one to exercise controls and checks.

Impact on Rural economy in specific and Indian economy in general…

Promotion of local decentralized entrepreneurship and workforce in the improved cook stove programme assumes great significance in view of the diversity of requirements of the diverse population of the country, the spread of its population and the contribution it can make to semi urban / rural / tribal / urban economy and per capita income of the people. Even in semi urban and urban households of many states of the country solid biomass burning stoves are in use either for part of the cooking tasks or in total.

Moreover, the social burden arising due to loss of man days and medical care expenditure incurred by the government on chronically ill persons with respiratory ailments due to exposure to pollutant emissions from traditional and poorly designed solid fuel burning stoves can be mitigated through thermally efficient non polluting (with emissions well within the standards ear marked or set aside).

Areas of Interest…

In view of my active involvement prior to NPIC in the assessment of rural domestic energy consumption and traditional cooking devices, women’s issues and development and later on as in – charge of TBSU, I have been actively involved in various aspects of improved cook stove technology development and dissemination under NPIC. Our designs and models are user appropriate since the starting point was the traditional chulha and an evolution of improved design/s based on traditional chulha and user requirements.  I have successfully developed prototype models in cast iron apart from pottery and ceramic liners and established manufacturers in ceramic liners and conducted emission studies in the lab and field apart from thermal performance studies and Kitchen Performance Tests in lab and field. I have also undertaken various other tasks related to NPIC. Our contribution is well documented and acknowledged nationally and internationally. Therefore, my interest lies in all the five areas identified.

Comments from 

Mr Harish Anchan

 Envirofit

As a part of the improvements in the process and as requested in the last meeting held on mid-Feb 2009, we hereby submit our recommendations which would make the whole initiative a grand success and take this initiative to a step which would stand as a bench mark.

Recommendation 1:  

Need for awareness raising/Demand Generation: As we are aware that Indoor Air Pollution though is a major health concern and a global health hazard, is quite not known to people (users / TG) who are affected by it. The one reason for this is the fact that there is no awareness pertaining to the ill effects of IAP, how it effects one's life (This is not an immediate effect hence people can't relate immediately, hence requires a strong and reinforcing message to educate them). This campaign should be a campaign similar to a pulse polio campaign/HIV Aids campaign initiated by Government of India; these campaigns have taken the issues of Polio and Aids to a level where no other media would have created the impact. For Ex: simple things like the cough due to excessive inhaling of indoor smoke ( IAP ) is often referred by the user as a normal health issue due to weather changes, etc. This is a small example but many more to quote due to the lack of awareness.

Recommendation 2: 

Purchase Decision Maker is Man and not the user: The decision maker in a house is man (97% cases); it is an easy job to convince the woman of the house as they could be convinced by demonstrations. But the final decision of buying or not depends upon the man getting convinced. The man of the family needs to be educated on the cost of technology by way of proper messaging of both the technology and the product in itself. A projection of the savings over a period of time in terms of fuel, health and time should be materialized to make them understand and subsequently convince on the concept.

 Recommendation 3: 

Testing protocols and Standards: Consider a situation where the user and the decision maker is convinced on the need to adopt clean cooking stoves and agree to the IAP part of the issue but do not know how to differentiate one stove from another. It is a further critical situation which needs utmost attention. There needs to be a proper and defined standards for testing these products, the standards should be a bench mark to judge which stove is a clean burning one and which one is not. The standards should be made aware to each and every one who wants to take up improved cook stoves on a commercial or social angel. It’s not just drafting the standards but also checking on the proper availability of testing labs and equipments which would test the stoves as per the set standards for any of the manufacturer.

 Ex: We at Envirofit tested the stove at multiple locations in India and testing standards were different, hence the results were different. Now this is a dilemma for any manufacturer as the results are what matters at the end of the day and if the testing standards and protocols are not in place then there is no way of getting an improved stove which would be approved and accepted by everyone and by the designated labs

Recommendation 4: 

Symbol of Quality:  Once the awareness is raised and a user is convinced with the fact that improved cook stoves will change their lives, then comes the question of which stove has to be bought. This dilemma can be solved only if the shortlisted improved cook stoves have a symbol of quality/seal/ Energy Efficiency Label of recognition and accreditation that these are the best of the improved smokeless stoves available. 

Recommendation 5: 

Value for Money: The stoves should not be given for free, rather should be subsidized and a part of the money should be paid by the consumer, a free item loses its worth the moment it is declared as free and is not used with the requisite enthusiasm.

Recommendation 6: 

Ensure Supervision, Monitoring and Timely Evaluation:

Proper and timely surveys of the stoves should be collected either before launching the project/after launching the project directly from the field, from the consumers. Results in the lab should not be the only way to decide on a stove being very good but at the same time the ease with which a user can use the given stove is what would matter. If the stove is too complicated to use/ requires too many preparations then the user would discontinue the stove within a few days and get back to the three stone chulha itself and spread negative word about the stove. There needs to be training for this habit change.

Recommendation 7: 

MFI Option: An easy option of providing micro credits to people through local/government banks for buying the product should be looked at. The product since should not be given free could be given on easy payment options which would give them a value for money and value for product.

Recommendation 8: 

Subsidies from Kerosene: The amount of subsidy given in the form of kerosene/LPG can be revised to encourage more people to use and accept clean burning cook stoves in to their life. This would reduce the dependency of fossil fuels for cooking purposes as well as ease on the shortages of the fossil fuels. This could be done at the Government of India level & policy making level.
Recommendation 9:
Carbon Credits: As you might be aware that the improved cook stoves reduce the emissions which could be turned in to a carbon credits project. This could be used for the awareness generations or any cost subsidy to the user and government can link this with emission reductions. The outcome from the carbon credits can be used for funding the awareness program.

Recommendation 10: 

Tax Exemptions to Entrepreneurs: The taxes applicable such as Import Duty, VAT/CST should be exempted for such energy efficient products and motivate the manufacturers to device such clean energy product for the benefit of people.

Recommendation 11: 

Fuel Usage: The improved cook stoves should be able to operate on any kind of Bio Mass Fuels (available in the market) and not be specific to only one kind of fuel, these restrictions on fuel type usage increase the disliking element in the users and it’s an additional cost to the user. It is also a huge habit change which cannot be done all at once when there is such a huge free availability of biomass at the rural level.

Recommendation 12: 

Lab for testing: On an immediate basis, an emission or a testing lab to be setup in India in collaboration with a well known/reputed emission testing lab globally. This will help the stakeholders to align on a common platform and serve the rural market better.

Recommendation 13: 

Easier Dissemination Areas: Concentration of the project should be in areas where there is plenty of bio mass availability, this would encourage the people to use the product and benefit from the same.

Recommendation 14: 

Channel for dissemination: The govt. channels for delivery / dissemination should be made available for awareness generation / delivery / sales of the stoves. The channels to be considered are the Indian posts, PDS, Rural retail outlets, Ministry of Women & Child development Centres, etc.

Recommendation 15: 

Education / Awareness in Schools: The kids would be a major influence on the parents for the purchase of stoves hence the usage of stoves in Anganwadis and the IAP education in the rural schools would be a major advantage.

There would be more for discussion on the 22nd and 23rd March workshop and look forward to the detail agenda from your side.

Harish Anchan

Managing Director
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Cell- +91-98807 15860

biswal@selco-india.com
Mr. Mahesh Yagnaraman

First Energy Pvt. Ltd. 

Office No. B-101 to B-105, First Floor,

 B-Wing, Signet Corner, S.No-134, Baner, 

 Pune  -    411 045, India. 

Tel : 91-20-6721050

Mr. Praveen S. Rohit

SUSTAINTECH INDIA PRIVATE LIMITED

19, 9th Cross, 6th Main

Malleswaram,

Bangalore - 560 003                                      

Tel: 080-2331 5656 



     

Fax: 080-2334 4555

praveensrohit@gmail.com
NGOs/Consulting companies/Individuals

National:
Mrs. Svati Bhogle

Technology Informatics Design Endeavour (TIDE), Bangalore

svati.bhogle@gmail.com
Mr. R.D. Deshmukh-Hanbar

Vice-President

Appropriate Rural Technology Institute, (ARTI) 

arti_pune@vsnl.net
Dr. Kalyan Paul

Executive Director, 

Pan Himalayan Grassroots Development Foundation, 

Ranikhet, Distt, Almora, Uttaranchal.

09412093268

Mr. G. Sunil 

ITC Limited

Agri Business Division,31

S.DRoad, Secundrabad

+919845042521

s.gummalla@itc.in
Mr. Parijat Ghos

Monitor Group,131 Free Press House

Nariman Point

Mumbai 400021, India

Parijat_ghos@monitor.com
Mr. Shantanu Mitra

Team leader, climate change and development,

DFID

s_mitra@dfid.gov.uk
Ms. Anuradha Bhavnani

Regional Director

SHELL Foundation, Gurgaon

anuradha_bhvnani@shell.com
Ms. Suma Pathy

Programme Manager

ABT Associate INC. (NBPH)

suma@abtindia.net
Mr. Pulkit Parikh

Sr. Design Engr. R & D

Kritikal Secure Scan

pilkitparikh@yahoo.com
Dr. Sameer Maithel

Director,

Greentech Knowledge Solutions

sameer.greentech@gmail.com
Phone: + 91 11 45535574; +91 9811392256

Mr. D. Ravi Kumar

Manager, New Products, British Petroleum

09972572480

Ravi.kumar@bp.com
Dr. Karabi Dutta

Former Project Co-ordinator, Appropriate Rural Technology Institute, 
India HEDON Associate

2nd Floor Mohini Apt.

Dhayarigaon, Pune-41

 Mob. 09371051622

karabi.dutta@gmail.com
Mr Parimal Sadaphal

Global Sustech International,

New Delhi

parimal@sustech.in
Mr. Deepak Nanda

Director,

Global Sustech International,

New Delhi

deepakbsg@gmail.com
Mr. R.K.Sahu

Director-Partnerships  

ABT Associates Inc.

201 Aurobindo Place Commercial Complex,

 Hauz Khas, New Delhi, 110 016, India

+91-11-4166 9566 (O)

Mr. Shrashtant Patara
Vice President
Development Alternatives

111/9-Z, Kishangarh, Vasant Kunj, New Delhi-110070, India.
spatara@devalt.org,
Tel: 91-11-2613-4103
Mr. Anand Verdhan Sinha

Country Manager | ABT Associates Inc.

201 Aurobindo Place Commercial Complex, 

Hauz Khas, New Delhi – 16,INDIA

+91-11-4166 9566

anand@abtindia.net
Mr. Keshav C Das

Regional Director, Business Operation

Clean Trade Group, LLC

906, 9th Floor

89 Hemkunt Chambers

Nehru Place, New Delhi-110019

Mob:+91-9871901317

Tel:+91-11-46536948

Fax:+91-11-46536949

starkeshav@gmail.com
Sh. P.P.S. Gusain

Executive Director

Bhagwat Technologies and Energy Conservation Pvt. Ltd.

5, Millenium Business Centre,

34 Corner Market,

Malviya Nagar, New Delhi 110 017

Ms. Saroj Sridhar

CEO

Feedback Business Consulting Services pvt. Ltd, New Delhi
+919845042521
Saroj@feedbackconsulting.com
Mr. Mohit Khanna

Executive Market Research

Feedback Business Consulting Services pvt. Ltd, New Delhi

mohit@feedbackconsulting.com
Mr. Rajeev Kumar

Manager-Business Development

Feedback Business Consulting Services pvt. Ltd, New Delhi

rajeev@feedbackconsulting.com
Mr. A.K. Singh

Business Advisor-power and Energy
Abellon Clean Energy Ltd., 3rd Floor, Sangeeta Complex, Nr. Parimal Railway Crossing, Ellisbridge, Ahmedabad-380006, India.

awadhesh.singh@abelloncleanenergy.com
Tel: +91-79-66309332,

Mr. Pankaj Patel
President & Member of the Board

Abellon Clean Energy Ltd.
3rd floor, Sangeeta Complex, Nr, Parimal Railway Crossing, 

Ellisbridge, Ahmedabad-3800021
India

Pankaj.patel@abelloncleanenergy.com
Mr. Ankit Mathur

Director (co-founder)

Greenway Eco Development,

Mumbai

ankit@thinkcarbon.in
Ms. Bidisha Kumari

NRD Unit

SevaMandir

Udaipur

Mobile: 09251667619
bidishanil@gmail.com
International:

R&D and Technical

Dr. Bryan Wilson

Colorado state university, Colorado

Professor of Mechanical Engineering

Co-Founder, Envirofit International

bryan.Willson@colostate.edu
Dr. Morgan DeFoort

Co-Director

Engines and Energy Conversion Laboratory

Department of Mechanical Engineering

Colorado State University

Fort Collins, Colorado

970.491.4781 (p)

970.215.8025 (c)

970.491.4799 (f)

morgan.Defoort@colostate.edu
Prof. Kirk Smith 

Professor of Global Environmental Health
Director of the Global Health and Environment Program

University of California, Berkeley

USA

00-510-643-0793
krksmith@berkeley.edu
Dr. David Pennise, Ph.D.

Technical Director

Berkeley Air Monitoring Group

+1 510-543-6290 (mobile)

www.berkeleyair.com

dpennise@gmail.com
Mr. Jonathan Cedar

Founder

BioLite Stove

(914) 645-5149

www.BioLiteStove.com

jonathan@biolitestove.com
Mr. Evan Haigler

Executive Director

ehaigler@impactcarbon.org 
Govt. Officials

Ms. Sheena  Chhabra

Chief health system

USAID, New Delhi

schhalra@usaid.gov
Ms. Ky Lam

Health Officer

Office of Population, Health & Nutrition

USAID, New Delhi

klam@usaid.gov
Ms. Elizabeth Warfield

Deputy Mission Director

USAID, New Delhi 
 ewarfield@usaid.gov 

 Tel: 91(11) 2419-8400

Ms. Apurva Chaturvedi

Program Specialist-Clean Energy & Environment

USAID, New Delhi

Tel: 24192671

achaturvedi@usaid.gov
Ms. Kerry Pelzman

Director, Office of Population, Health and Nutrition

USAID, New Delhi
Mobile: 9811100725; Office: 2419-8406

kpelzman@vsaid.gov
Mr. Vivek Kumar

Sr. Advisor

Royal Norwegion embassy

vivek.kumar@mfa.no
Dr. Carlos  Dora

World Health Organization 

Av Appia 20 

CH-1211  Geneva 27 

Switzerland

dorac@who.int
Dr Nigel Bruce

Consultant WHO/PHE

Reader in Public Health

Whelan Building, 3rd Floor

Liverpool L69 3GB

Tel: +44(0)1517945576/5582

Dr. Samuel Baldwin

DOE, US Govt.

Washington DC

Sam.Baldwin@ee.doe.gov
Dr. William J. Martin 
Eunice Kennedy Shriver National Institute of Child Health and Human Development

National Institutes of Health

6100 Executive Blvd. Rm. 2A01

Rockville, MD  20852

 Phone: 301 451 1749

FAX: 301 435 0009

wjmartin@mail.nih.gov
Dr. Vikas Kapil

National Center for Injury Prevention & Control

Centers for Disease Control & Prevention

Govt. of USA
vck3@cdc.gov
Mr. John Mitchell

U.S. Environmental Protection Agency

Partnership for Clean Indoor Air

Tel:  +1 202 343 9031

Fax:  +1 202 343 2393

www.pciaonline.org
Mr. Jim Jetter

EPA North Carolina

USA 

Ms. Doroski Brenda

U.S. Environmental Protection Agency

Partnership for Clean Indoor Air

Tel:  +1 202 343 9031

Fax:  +1 202 343 2393

Brenda@epamail.epa.gov
Mr. Jacob E. Moss 

U.S. EPA 
office: +1 202 564 1388 

cell: +1 202 236 8122

Moss.Jacob@epamail.epa.gov
NGOs/Consulting Companies/Individuals

Mr. Pradeep Pursnani

Business Director - Breathing Space

Shell Foundation

Shell Centre, London, SE1 7NA

Tel: +44 207 934 3034 Fax: +44 207 934 7348

pradeep.pursnani@shell.com
www.shellfoundation.org
Mr. Simon Bishop

Representative of the global alliance for clean cookstove

SHELL Foundation

simon.bishop@shell.com
Ms. Leslie Black Cordes

Director, Partnership Development - Energy and Climate

UN Foundation

202/862-6307 

lcordes@unfoundation.org
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United Nations Foundation
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Washington, DC 20036
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chart@unfoundation.org
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List of Expert: Environment Performance 

	Name 
	Organization 
	Field 
	Contact 

	Anand B. Rao 
	IIT BombayCentre For Technology Alternatives in Rural Area(CTARA) 
	Research Interests: 

Energy and Environment, Climate Change, Carbon Capture and Sequestration 
	Email: a.b.rao@iitb.ac.in 


	Dr. Mukesh Sharma, 
	IIT Kanpur (Environment Engg and Management Program) 
	Research Interests: 

Environmental Health, Air Quality Modelling and Management, Risk Assessment, Fate Processes of Organic Pollutants and Parameter Estimation 
	Email: mukesh@iitk.ac.in 
Tel: +91 512 2597759 

	Dr. Tarun Gupta 
	IIT Kanpur (Environment Engg and Management Program) 
	Research Interests: 

Development of instruments for aerosol measurement, engineering control of particles in ambient and indoor settings, physico-chemical characterization of atmospheric pollutants, personal exposure assessment and health effects of inhaled particles, source apportionment of air pollution, and risk assessment 
	Email: tarun@iitk.ac.in 
Tel: +91 512 2597128 

Homepage: http://home.iitk.ac.in/~tarun/tarun 

	T. Kanishtha 
	School of Biosciences and Bioengineering, Indian Institute of Technology at Bombay, Powai, Mumbai 
	Research Interest: 

Effect of particle emissions from biofuel combustion on surface activity of model and therapeutic pulmonary surfactants 
	Email:    rinti@iitb.ac.in
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	Name 
	Organization 
	Field 
	Contact 

	Dr. D. P. Mishra 
	IIT Kanpur (Department of Aerospace Engineering) 
	R&D Areas/Projects 

Image processing for sprays and flames (using Java) 

Laser sheet drop-sizing for spray analysis. 

Soot measurement in diffusion flames (laser extinction and thermophoretic sampling). 

Design and development of a Mono-disperse droplet generator 

Combustion diagnostics 

Combustion dynamics in a swirl- stabilized combustor 

Design and development of a drop tower facility for studying Micro-gravity combustion 
	Email: - mishra@iitk.ac.in
 Phone: - 0512-2597125 (O) / 2596086 (Lab) 

	S K Som 
	IIT Kharagpur (Department Mechanical Engineering) 
	R&D Areas/Projects 

Flow and Heat Transfer Modeling in a Thrust Chamber of a Rocket Engine 
	Email 
deanac@hijli.iitkgp.ernet.in
 Phone (office) +91 - 3222 - 282032 

Phone (residence)+91 - 3222 - 282979 (IIT Phone) 

+91 - 3222 - 277866 (Private Phone) 

	Prof. Amitava Datta - 
	Jadavpur University ( Power Enginerring) 
	Research Interests: 

Heat Power, Pollution, Combustion 
	Email adatta@pe.jusl.ac.in


	Dr. Achintya 
	Jadavpur University ( 
	Research Interests: 
	E-mail a_mukho@vsnl.net
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	Mukhopadhyay 
	Department of Mechanical Enginerring) 
	Combustion ,Heat Transfer 
	Contact No 

(O) +91-33-24146177/6532 

(R) +91-33-24166935 

	Dr. Swasti Sunder 

Mondal, 
	IT BHU (Department of Mechanical Engineering) 
	Research Interests: 

Thermal Engg 
	Mobile no:0-9838542109 

Email mondal_1976@yahoo.com

	Prof. Prasad R. 
	IIT Delhi (Department of Applied Mechanics) 
	Research Interests: 

Area of Interest: Physical Metallurgy, Elastic Effects in Phase Transformations Amorphous and Metastable Phases, Structure of Solid-Solid Interfaces, Thin Films. 
	E-mail: rajesh[at]am.iitd.ac.in

 

	A. W. Date 
	IIT Bombay (Mechanical Engg) 
	Research Interests: 

Numerical Fluid flow and heat transfer, Appropriate Technology 
	Email: awdate@me.iitb.ac.in
 

	Sanjay. M. Mahajani 
	IIT Bombay (Chemical Engg) 
	Research Interests: 

Renewable Energy 
	Email: sanjaym@che.iitb.ac.in
 

	Dr. Venkateshan, S. P. 
	IIT Chennai (Mechanical Engineering Department) 
	Research Interests: 

Heat and Mass Transfer 
	Phone number: +91 - 44 - 2257 4686 (O) 

e-mail address: spv@iitm.ac.in

	Dr. Sarit Kumar Das 
	IIT Chennai (Mechanical Engineering Department) 
	Research Interests: 

Heat and Mass Transfer 
	Fax+91-44-22574691 +91-44-22570545 

	Dr. Balaji C. 
	IIT Chennai (Mechanical Engineering Department) 
	Research Interests: 

Heat and Mass Transfer 
	Phone number: +91-44-2257 4689 (O) 

e-mail address: balaji@iitm.ac.in
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	Dr. Srinivas Reddy K. 
	IIT Chennai (Mechanical Engineering Department) 
	Research Interests: 

Heat and Mass Transfer 
	Phone number: 

+91-44-22574703, + 91 (44) 2257 4652, 2257 0509 

e-mail address: ksreddy@iitm.ac.in

	Dr.U.S.Premananda Shet 
	IIT Chennai (Mechanical Engineering Department) 
	Research Interests: 

Thermodynamics and Combustion 
	Phone number: 

91- 44-2257-4672 ( office ) 

91- 44-2257-6672 (residence) 

e-mail address: uspshet@iitm.ac.in

	Dr. V. Babu 
	IIT Chennai (Mechanical Engineering Department) 
	Research Interests: 

Thermodynamics and Combustion 
	Phone number: +91 - 44 - 2257 4688 

e-mail address: vbabu@iitm.ac.in

	Dr. K. Srinivasan. 
	IIT Chennai (Mechanical Engineering Department) 
	Research Interests: 

Thermodynamics and Combustion 
	Phone number: +91 (44) 2257 4703 

e-mail address: ksri@iitm.ac.in

	Gupta, Akhilesh 
	IIT Roorke (Mechanical Engg ) 
	Research Interests: 

Thermal Engineering, Heat Transfer, Solar Energy, Refrigeration & Air-conditioning. 
	Email: akhilfme@iitr.ernet.in
Phone : 91 - 1332 - 285613 

	Gakkhar, R.P. 
	IIT Roorke (Mechanical Engg ) 
	Research Interests: 

Combustion, IC Engines, Energy Systems, Combustion Generated Pollution Instrumentation. 
	Email: gakhrfme@iitr.ernet.in
 Phone : 91-1332-285681 

	Saini, J.S. 
	IIT Roorke (Mechanical Engg ) 
	Research Interests: 

Heat Transfer & Solar Energy. 
	Email: sainifme@iitr.ernet.in 

Phone : 91-1332-285678 

	Anupam Dewan
	IIT Guwahati 

(Department of Mechanical Engineering) 
	Research Interest: Fluid Mechanics, Heat Transfer and Thermodynamics 
	Email: adewan@iitg.ernet.in 

	Chandramohan Somayaji 
	IIT Guwahati 

(Department of 
	Research Interest : Renewable Energy, Non-Conventional 
	Email: cmsomayaji@iitg.ernet.in
 Phone: Extn. 2674 (+91 361 
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	Mechanical Engineering) 
	Energy Sources, Engine After treatment Systems, Design of Heat Transfer Equipments, Chemical Reaction Engineering 
	2582674) 

	Subhash C. Mishra 
	IIT Guwahati 

(Department of Mechanical Engineering) 
	Research Interest: 

Analysis of Heat Transfer Problems involving Thermal Radiatio 
	Email: scm@iitg.ernet.in
phone: Extn. 2660 (+91 361 2582660) 

	Dr. Hoysala N Chanakya 
	IISC Centre for Sustainable Technologies, 
	Research Interest: 

Biogas, Decentralized /sustainable rural energy 
	Phone: 91-80-2293 3046 

	Dr. S. DASAPPA Ph.d 
	IISC Centre for Sustainable Technologies 
	Research Interest: 

The thrust has been in the area of carrying out basic studies both experimental and modeling of the processes in the reactor for biomass conversion. Expertise in the solid fuel combustion and gasification processes, design of reactors for thermochemical conversion, design of gas cooling and cleaning systems, dual fuelling of diesel engines. 
	Phone: 91-80-2293 2338/2360 0536 

Email: dasappa@cgpl.iisc.ernet.in
 

	Anil K. Rajvanshi 
	Nimbkar Agricultural Research Institute 
	Research Interest: 

R & D strategy for lighting and cooking energy for rural households 
	E-mail : nariphaltan@sancharnet.in
It 

	Prof. Raj Pal Dahiya 
	MNIT Jaipur 
	Research Interest: 

Biogas plant, biomass gasifier, green house, improved cook stove, solar thermal and photovoltaic devices. 
	Phone: +91 141 2529087 

Fax: +91 141 2529029 

E-mail: director@mnit.ac.in

	Mr. Tapas Kr. Mukhopadhyay 
	Central Glass and Ceramic Research Institute (Kolkata) 
	Research Interest: 

Rural Pottery based Societal Mission 

Traditional Ceramics (bone china, pottery, 
	Email: tapas@cgcri.res.in
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	sanitary ware, insulator) 

Mullite ceramics 

Waste Management 

New generation glazes 

Alternative low cost fuel for ceramic firing 
	

	Dr. S. Deb 
	Central Glass and Ceramic Research Institute 
	Research Interest: 

Testing of clay and allied ceramics 

Ceramic filter 
	Email: s_deb@cgcri.res.in


	Dr. Kausik Dana 
	Central Glass and Ceramic Research Institute 
	Research Interest: 

Rural pottery based Societal Mission 

Nano clay 

Red clay based stoneware 

New generation tiles and glazes 

Waste Manageme 
	Email: kdana@cgcri.res.in


	Dr. Arup Ghosh 
	Central Glass and Ceramic Research Institute 
	Research Interest: 

Ceramic Sciences with special references to oxide ceramics and refractories. This includes sintering and microstructural analysis of refractory materials derived from natural and synthetic raw materials like dolomite, lime, magnesium aluminate spinel, magnesia-chrome spinel, mullite and zirconia-mullite from beach sand minerals etc. 
	Phone: (033) 24733496 (Ex. 3481) 

FAX: +91-33-24730957 

E-mail: arup@cgcri.res.in
 

	Shri Surajit Gupta 
	Central Glass and Ceramic Research 
	Research Interest: 

Ceramic engineering with special reference 
	Phone: (033) 24733496 (Ex. 3314) 

FAX: +91-33-24730957 
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	Institute 
	to ceramic raw materials, refractory pot for corrosive glass melting, slip casting and solid waste utilization. 
	E-mail: surajitgupta@cgcri.res.in 

	Dr. Narayan Chandra Biswas 
	Central Glass and Ceramic Research Institute 
	Research Interest: 

Testing and characterization of ceramic raw materials. Alumina-zirconia & zirconia-mullite composites 
	Phone: (033) 24733496 (Ex. 3436) 

FAX: +91-33-24730957 

	Dr. Manas Kamal Haldar 
	Central Glass and Ceramic Research Institute 
	Research Interest: 

Includes the area of natural refractory raw materials bauxite, beach sand sillimanite, area of Mag-Al spinel refractory, Mag-Chrome refractory with special interest lies in zirconia-mullite refractory system. 
	Phone: +91-33-2483 8082/8079(Ex.3434) 

FAX: +91-33-24730957 

E-mail: manashaldar@cgcri.res.in

	Dr. H S Tripathi 
	Central Glass and Ceramic Research Institute 
	Research Interest: 

Materials science and engineering with special reference to ceramics and refractories including synthesis and processing of high performance synthetic refractory raw materials, refractory processing and characterization in particular magnesia-carbon, mullite, Al2O3-MgO-MgAl2O4, mag-chrome system and value addition to natural raw 
	Phone: (033) 24733496 (Ex. 3480) 

FAX: +91-33-24730957 

E-mail: hstripathi@cgcri.res.in
 

	Dr. C.B. Raju 
	Advance Materials and Processes research Institute Bhopal 
	Research Interest: 

Ceramics 
	Phone : (O) 0755-2489481 

(R) 0755-2767239 

	T.S.V.C. Rao 
	Advance Materials and Processes research Institute,Bhopal 
	Research Interest: 

Materials Characterization 
	Phone : (R) 0755-2786053 

	Ramesh K Nibhoria 
	Nishant Bioenergy Consultancy 
	Research Interest: 

Community Briquette Stove 
	Phone : 0172-687460 

Fax : + 91172-687460 

Cell : 09815609301 

email : nibhoria@ethw
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	site : www.nishantbio 

	D. SINGH 
	Institute of Minerals and Materials Technology (Design & Rural Technology ) Bhubaneswar 
	Research Interest: 

Minerals and Materials Technology ,Rural Technology 
	dsingh@immt.res.in
Phone: 0674-2581635-Extn. 407 

	J. Mallick 
	Institute of Minerals and Materials Technology (Design & Rural Technology ) Bhubaneswar 
	Research Interest: 

Minerals and Materials Technology ,Rural Technology 
	E-mail: jmallick@immt.res.in
 Phone: 0674-2581635-Extn. 

	P. C. Beuria 
	Institute of Minerals and Materials Technology (Design & Rural Technology ) Bhubaneswar 
	Research Interest: 

Minerals and Materials Technology ,Rural Technology 
	E-mail: pcbeuria@immt.res.in
 Phone: 0674-2581635-Extn. 

	P. K. Senapati 
	Institute of Minerals and Materials Technology (Design & Rural Technology ) Bhubaneswar 
	Research Interest: 

Design of Equipment, Solar thermal, Biomass Gasification Synthesis 
	E-mail: pksenapati@immt.res.in
 Phone: 0674-2581635-362 

Personal File 

	P. K. Tete 
	Institute of Minerals and Materials Technology (Design & Rural Technology ) Bhubaneswar 
	Research Interest: 

Minerals and Materials Technology ,Rural Technology 
	E-mail: pktete@immt.res.in
 Phone: 0674-2581635-Extn. 

Personal File 

	R. BARIK 
	Institute of Minerals and Materials Technology (Design & Rural Technology ) Bhubaneswar 
	Research Interest: 

Minerals and Materials Technology ,Rural Technology 
	E-mail: rbarik@immt.res.in
 Phone: 0674-2581635-Extn. 407 

	S. Khuntia 
	Institute of Minerals and Materials Technology (Design & Rural Technology ) Bhubaneswar 
	Research Interest: 

Design Engg.; Combustion two Phase flow, Rural Development. 
	E-mail: skhuntia@immt.res.in 

Phone: 0674-2581635-Extn. 
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	Dr. A.K. Kurchania, 
	Maharana Pratap University of Agriculture & Technology, Udaipur(Faculty of Engg) 
	Research Interest: 

Renewable Energy Sources 
	E-mail: kurchania@rediffmail.com
 Phone:0294-2471068,0294-2470553 

	N. L. Panwar 
	Maharana Pratap University of Agriculture & Technology, Udaipur(Department of Renewable Energy Sources, College of Technology and Engineering) 
	Research Interest: 

Design and performance evaluation of energy efficient biomass gasifier based cookstove on multi fuels 
	E-mail: nlpawar@rediffmail.com
 

	Krishna Kumar 
	Anna University
	Research Interest: 

Natural Draft Gasifier (NDG) Stove 
	E-mail: krishnakumar_07@YAHOO.CO.UK

	Dr. M.M. Pandey 
	Indian Council Of Agriculture Research (Agricultural Engineering) 
	Research Interest: 

High efficiency cook stoves; pyrolysed briquetted fuel; gasifiers; liquid fuels from crop residues; 
	Phone: 91-11-25843415 

Fax: 91-11-25842660 

E-mail: mmpandey@icar.org.in


	Dr. M H Divekar 
	Maharaja Sayajirao University Baroda 
	Research Interest: 

Broad Area of Expertise: Heat Transfer, Specific Area of Expertise : Experimental Design 
	Phone Nos : 912652433824 

Email : mhdmsu@yahoo.com
 

	Dr. P. Prabhakaran 
	Maharaja Sayajirao University Baroda 
	Research Interest: 

Broad Area of Expertise: Thermal Engineering, 

Specific Area of Expertise: Heat Transfer, Energy Systems Experimental, Analytical and computational. 
	Email : pprabhakaran-med@msubaroda.ac.in
 

	Dr. P. Prabhakaran 
	Maharaja Sayajirao University Baroda 
	Research Interest: 

Mechanical Engineering - Heat Transfer 
	Phone Nos : 02652251756 

Email : prabha_p_msu@yahoo.com

	Dr. Soumyajit Ghosal 
	National Institute of Design, Ahmedabad 
	Research Interest: 

Industrial Design and Marketing, 
	Email : education@nid.edu
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	Management of Technology, Safety and Injury Control, Systems Automatization 

	Vinai Kumar 
	National Institute of Design, Ahmedabad 
	Research Interest: 

Design for Strategic Business, Usability and User Experience Design, Design Thinking and Innovation, Research in educating designers and Design Managers, Sustainable Design, Universal Design, Human-Computer Interaction 
	Email education@nid.edu


	Shashank Mehta 
	National Institute of Design, Ahmedabad 
	Research Interest: 

Design for Small, Scale Industry, Appropriate Technology, Crafts 
	Email education@nid.edu


	Gayatri Menon 
	National Institute of Design, Ahmedabad 
	Research Interest: 

Creativity and Innovation, Design for development 
	Email education@nid.edu

	Praveen Nahar 
	National Institute of Design, Ahmedabad 
	Research Interest: 

Strategic Design, Design in Public Domain, Green Design, Appropriate Technology, Craft Design, Rapid product development 
	Email education@nid.edu


	Dr. H. Janardhana Prabhu 
	NIT Trichy (Chemical Engineering Department) 
	Research Interest: 

Bioenergy Engineering 

Biochemical Engineering 
	Email- hjb@nitt.edu
 Tel. :- +91 - 431 - 2503105. 

	Dr. (Mrs.) S.K. Pandey, 
	NIT Trichy (Chemical Engineering Department) 
	Research Interest: 

Heat Transfer in Multiphase systems 

Nucleate Pool boiling 

Energy Engineering 
	Email-shashi@nitt.edu 

	Dr. M. Arivazhagan 
	NIT Trichy (Chemical Engineering Department) 
	Research Interest: 

Environmental Engineering 

Energy Engineering 

Fuel and Combustion Technology 

Professional Interests 

Environment & Energy and Control Valve Studies 
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Appendix B4

Terms of Reference for M/s Feedback Consulting Services Pvt. Ltd.

Objective

The objective of the survey is to determine the kind of cookstoves and biofuels used in various regions of the country for mid-day meals in government run schools. This is to help ascertain the need for intervention and the impact that introduction of better performance stoves can have in terms of fuel saving and reduction in emissions.

Scope of Work 
a. Identification of the states, and districts where the survey should be carried out.

b. Work out the sampling size and identify the villages for the primary survey.

c. The survey is designed so as to get the following information from each school/mid-day meal supplier:

·  Whether the meal is cooked in school or in a central place for more than one school. 

·  The number of children being catered to. 

· The varieties of meal being cooked including information about the seasonal variation. 

· The quantity of each type of meal being cooked. 

d. The device used for cooking.

e. The fuel used for the purpose including information about the seasonal variation. 

f. The quantity of fuel being used on daily or monthly basis.

g. The time taken for cooking. 

h. Whether the kitchen is indoors or outdoors. 

i. Any complaints about excessive smoke, irritation of eyes or the like due to emissions from the stove. The cost of cooking fuel as well as that of the cooking device. 

j. Whether the cooking of mid-day meal is being carried out on no-profit no loss basis, or in an entrepreneurial mode. 

k. Availability of various types of biomass in the area and their current use.

l. Willingness to switch to another fuel/cooking device with or without financial support from the government.

Expected Output

The agency is expected to carry out the analysis of the state-wise data collected. Give estimates of the average performance (such as specific fuel consumption). To provide assessment of the feasibility of using improved Cookstoves for midday meal and assess the possible impact in terms of fuel savings and reduction in exposure to emissions if an improved device is used 

The report would include the following:

a) Methodology actually followed including the desk survey, sample selection, testing of the questionnaire, data analysis. 

b) Detailed tables giving the data collected state-wise. 

c) The statistical analysis of the data collected, including the confidence interval of the data, its statistical parameters and projection of the acceptability of an improved device vis-à-vis the cost range of the device. The techniques used for the analysis must also be spelt out. 
Appendix B5

Report of the Survey by

M/s Feedback Consulting Services Pvt. Ltd.
Appendix C1

Top performers in the competition testing compared to traditional coal and biomass stoves in China.  Shown in the parentheses are the coefficients of variation (COV) indicating the variability in the 4 tests upon which each number was derived (2 for each fuel type).   Traditional stove test data from Zhang, et al. (2000)
	
	CO/CO2
	Nominal Combustion Efficiency***
	CO g/kg fuel
	Room CO mg/m3

(mean during test)
	PM10
g/kg
	WBT Efficiency
	Relative PM10/meal

	Traditional Coal
	0.12
	89.3%
	To be added
	Not measured
	1.6
	17.1%
	45%

	Traditional Biomass
	0.13
	88.5%
	To be added
	Not measured
	4.0
	19.1%
	100%

	Biomass Stove Contest Winners
	
	
	
	
	

	Daxu
	0.020

(24%)**
	98.1%
	5.8 (17%)
	14.3

(16%)
	0.28

(13%)
	41.9%

(3%)
	3.2%

	Luoyang*
	0.019

(37%)
	98.1%
	4.4 (26%)
	12.1

(18%)
	0.24 

(8%)
	35.2%

(2%)
	3.3%

	Xintai*
	0.025

(43%)
	97.6%
	6.7 (20%)
	11.2

(5%)
	0.36 

(7%)
	32.6%

(2%)
	5.2%

	Zhenghong
	0.019 

(19%)
	98.1%
	5.1 (36%)
	12.3

(42%)
	0.24 

(22%)
	35.9%

(4%)
	3.2%

	Mean
	0.021

(14%)
	98.0%
	5.5 (18%)
	12.5

(11%)
	0.28

(19%)
	36.4%

(11%)
	3.7%


Source: National Household Stove Innovation Prize to Stimulate Market Activity in China, Charron D, Chen X, Dunaway J, Hao F, Willson B, Deng K, Smith KR (draft paper, under preparation – PLEASE DO NOT CITE OR QUOTE WITHOUT PERMISSION)

Appendix C2
Marketing Information: Top Competition Performers (organized by 2007 sales units) Based on data provided by the manufacturers.

	Enterprise name
	Stove brand
	2005 Sales

Units
	2006 Sales

Units
	2007 Sales

Units
	Sales Price

(RMB and ~$)(
	Average annual growth rate

	Beijing Shenzhou Daxu Biomass Energy Technology Co., Ltd.
	Daxu
	3,560
	7,200
	21,000
	400 RMB

$54
	147%

	Shandong Tengzhou Xintai Machine Co., Ltd.
	Xintai
	3,800
	11,000
	12,000
	340 RMB

$45
	99%

	Henan Luoyang Engineering Mechanism Designing Institute, Henan Yuzhou Heluo Stove Factory
	Heluo
	2,200
	5,500
	8,600
	850 RMB

$114
	103%

	Beijing Linhong New Energy Science and Technology Co., Ltd.
	Linhong
	0
	2100
	6,400
	550 RMB

$74
	205%

	Guangxi Cenxi Jianeng Water Heating Stove Factory
	Wanjiawang
	3,400
	2,750
	5,200
	340 RMB

$45
	35%

	Yunnan Zhenghong Environment Protection & Energy Conservation Co. Ltd.
	Zhenghong
	1,100
	1,600
	2,050
	350 RMB

$47
	37%

	Henan Jiajiawang Stove Co., Ltd.
	Jiajiawang
	250
	800
	1,900
	240 RMB

$32
	103%

	Hebei Xingtai Guangyuan Solar Energy Co. Ltd.
	Guangyuan
	150
	300
	300
	460 RMB

$62
	50%

	Ningxia Nongjiale Environment Protection Gasified Stove Co. Ltd.
	Nongjiale
	300
	300
	280
	325 RMB

$43
	-3%

	Total  
	
	14,760
	31,550
	57,730
	
	


Source: National Household Stove Innovation Prize to Stimulate Market Activity in China, Charron D, Chen X, Dunaway J, Hao F, Willson B, Deng K, Smith KR (draft paper, under preparation – PLEASE DO NOT CITE OR QUOTE WITHOUT PERMISSION)

Appendix D1
Comparison between four different testing protocols

[image: image7.emf]WBT 3.0 from January 2007. WBT 4 (the recently 

modified version of WBT 3 

by PCIA 

and ETHOS -

2009

EPTP(based on the original

procedures proposed by 

VITA (CSU EECL)- 2009

BIS ( The Indian Standards)-

1991 

adopted a modified 

version of the WBT 

(VITA, 1985) as its own 

standard (IS:13152, 

1991). 

Efficiency: Only Efficiency 

is tested

Efficiency and emissions is 

tested with the same 

protocol because changes 

in stove operation and 

design affect both

Efficiency and emissions is 

tested with the same 

protocol,because changes 

in stove operation and 

design affect both

Efficiency and emissions is 

not tested with the same 

protocol,

Stove Types: Wood 

Burning Biomass stoves 

only

Gasifier / Charcoal / Coal/ 

wood stoves and multiple 

pot stoves. 

.

Gasifier / Charcoal / Coal/ 

wood stoves and multiple 

pot stoves.

Wood Burning Biomass 

stoves only

Vessel Type: The tests is 

conducted with either with 

standard pots with 5 litre 

water or 2.5 litre water 

Vessels should have no 

lids. 

Same as WBT3.0. In case 

of non standard pot fill 

each pot about 2/3 full and 

record the change in 

procedure in the comment 

space. 

EPTP does not require a 

specific pot, cooking pot 

which may range from 

approximately 2–13 kg. 

Aluminium flat bottomed 

with lid of specified 

dimension and weight 

depending on burning rate; 

Vessel should have lid.

Emission: Emission 

measurements are not 

done usually. 

Ideally, the WBT is  

performed in a semi-

enclosed hood to measure 

total emissions. 

Ideally, the WBT is  

performed in a semi-

enclosed hood total 

emissions . 

To measure emissions,,¼ 

of burning capacity  of 

wood  is burned separately 

to collect total emissions in 

a hood with damper.
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Selected References on Technical Aspects of Cookstoves
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  Appendix E 

1. Review of cook stove initiatives

a) Selected previous cook stove initiatives

Appropriate Rural Technology Institute

Appropriate Rural Technology Institute (ARTI) was the technical back-up support unit (TBU) for NPIC in Maharashtra from April 1996 to March 2002
 and has since partnered with Philips and the Shell Foundation to continue distributing cook stoves. As the TBU for NPIC, ARTI had notable success in promoting the commercialization of cook stoves. In order to ensure uniform quality of cook stoves, moulds of the various models were created to be used for mass-production. These “ready-to-install” cook stoves were delivered to households within a 10- to 15-kilometer radius. Centre for Application of Science and Technology for Rural Development (CASTFORD), Maharashtra’s TBU before ARTI, selected hereditary potters who were already constructing traditional stoves to become the Self Employed Workers (SEWs). In addition to giving these potters special training in the construction and maintenance of improved cook stoves, the TBU encouraged them to start their own improved chulha manufacturing enterprises by providing information about financial assistance. When ARTI took over as the TBU, it organized annual improved cook stove training and entrepreneurship development courses for the potter-entrepreneurs. Furthermore, the novice entrepreneurs received extra assistance in acquiring improved cook stove installation contracts so that they could gain experience and become established as the suppliers of improved cook stoves in their regions.
 This program was so successful that when NPIC ended, the potter-entrepreneurs did not seem concerned about maintaining good business selling improved cook stoves without subsidies in the open market. Thus commercialization had successfully promoted usage of improved cook stoves in rural households.
 After ARTI stopped receiving funding from NPIC, the Shell Foundation stepped in to provide funding for ARTI’s cook stove dissemination programs. The Shell Foundation also brought in Accenture Development Partnerships to give business mentoring and advice to ARTI about training the local entrepreneurs.
 The Shell Foundation also provided funding to Development Alternatives (DA), which sold 1500 stoves under Shell’s Breathing Space pilot and established connections with TARAhaat, a marketing network that sells products in rural areas and has contacts on the local level.

Similarly, ASTRA used an entrepreneur model to disseminate cook stoves in Karnataka. The entrepreneur distributed the stoves as described in Box 1.  This method has proven successful for a number of reasons, including the demand-driven nature of the program, link between profit and quality, maintenance after construction, education of users, and self-financing. The entrepreneur only builds a stove when a household is ready to purchase one; the fact that the entrepreneur continues to make sales proves that there is demand for these stoves. The need to earn profits and keep up a steady demand for stoves motivates the entrepreneur to maintain high quality construction and post-construction service.
 In addition to repairing stoves that were broken or performing poorly, the entrepreneur imparted user education about efficient cooking practices. Since households buy stoves without government subsidies, they were in a position to demand quality construction from the entrepreneur.
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Box 1. Stove dissemination approach adopted by the entrepreneur in Uttara Kannada district

Technology Informatics and Design Endeavours
The Technology Informatics and Design Endeavours (TIDE), Bangalore also worked on dissemination of cook stove.  TIDE utilized market mechanisms to create local infrastructure for the dissemination of stoves developed by ASTRA.
 TIDE, in collaboration with the Institute for Youth and Development (IYD), sold the stoves without subsidies and ensured consistent quality by constructing stoves with moulds. Women were selected to be make stoves as they could best understand cooking needs and be better able to communicate the benefits of an improved stove. The women entrepreneurs could only construct stoves in the few villages surrounding her own and were be able to service the stoves after construction. Since the woman entrepreneurs were held accountable for the stoves she constructed she was motivated to build high-quality stoves. Stove construction was an income-generating venture, but women did not feel comfortable leaving the security of agricultural labor to construct stoves full-time. Therefore, TIDE promoted this income-generating activity as one that would supplement their agricultural income. 
 

TIDE partnered with local NGOs that possessed the skills to work within the rural context, understood the dynamics of the villages, and were trusted by the local communities. Instead of training individual women, the rural NGOs trained self-help groups that could operate the stove business as a micro-enterprise and divide the tasks among the women. The group was selected based on their motivation and socioeconomic statuses of its members.
 The training sessions included the following elements:

· “introduction to a smokeless stove;

· highlighting convenience and positive impact on health when cooking on a smokeless stove;

· observation of stove construction during construction by the trainer;

· stove construction by women trainees at the training site;

· stove construction by women in houses where the

· stoves would be used for cooking;

· understanding the stove construction manual and its use;

· maintenance and trouble-shooting;

· response to a quiz on stove construction for the trainer to understand if the women grasped the training;

· open discussion, question-and-answer session; and

· refresher training.”

After training, TIDE and IYD provided support to start up the micro-enterprise in the form of financial assistance, technical back-up, and promotional materials to advertise the stoves to the villages.

China’s National Improved Stove Program (NISP)

Between 1982 and 1992, China’s National Improved Stove Program (NISP) successfully distributed approximately 129 million improved cook stoves into rural areas of China, and about two-thirds of these were actually adopted and used.
 NISP is widely considered the most successful improved cook stove initiative in the developing world. A number of factors contributed to this success, but some of these factors come into play only in the Chinese context. According to Smith et al, “the Chinese started from a higher base.” Compared to Indians in rural areas, Chinese villagers have a higher income and thus are more capable of paying for stoves.
 Furthermore, previous promotion of biogas and micro-hydropower had established extensive rural energy infrastructure. NISP could build upon these experiences and rural energy channels to disseminate a large number of cook stoves.

Despite the advantages China may have over other countries, India could learn some lessons from NISP (Box 2). Unlike India’s NPIC, NISP worked “in the best areas first.” In other words, NISP looked for the areas that not only needed the improved stoves but also was financially, managerially, and technically prepared to take on the program and had sufficient biomass. Furthermore, counties needed to prove their motivation to actually execute the program by competing in a provincial contest to be selected as a pilot county by the Bureau of Environmental Protection and Energy (BEPE).

Counties signed contracts directly with BEPE in order to cut out middlemen and eradicate an excessively long bureaucratic pathway. By minimizing bureaucracy, NISP was able to operate more efficiently. 
 

Independent but systematic monitoring and evaluation was integral to the success of NISP. In China, provincial Rural Energy Offices, this acted mostly independently, selected and oversaw teams that would check the use and condition of improved cook stoves in households. Without evaluation, there is no way to ensure the adoption, proper use, and working condition of the stoves. 

Most consumers paid for the stoves in full without government assistance. The Chinese government provided very little financial support: only 15% (of what) utilized for administration, promotion, and training. Households were more interested in properly using and maintaining the stoves when they have invested fully in it themselves. Therefore, the adoption rate was much higher. By minimizing the amounts of money flowing between bureaucratic levels (for instance, the largest transmission of funds was US$3,000, from BEPE to a county), NISP reduced turf battles,” the temptation to graft, and inefficient delays in transferring money between multiple institutions.

Commercialization ensured long-term sustainability of the cook stove program. NISP’s strategy to fully commercialize cook stoves involved supporting Rural Energy Companies. These enterprises generated demand and sold other rural energy technologies in addition to improved cook stoves, thereby providing multiple energy solutions to rural areas.


Box 2. Factors of NISP program that could be applied to an Indian improved cook stove program

b)  Selected current cook stove initiatives

Philips
Philips developed new cook stove models. The models are both natural draught and forced draught  and the price of natural draught model is Rs 1000 and that of forced draught in the range of Rs 3500-Rs 3700. The company is currently discussing with various state governments the possibility of adoption of the model in the ongoing or future state government initiatives on improved cook stoves.

Shell Foundation
The Shell Foundation is providing funding to Envirofit International, which is based at Colorado State University (CSU) and working closely with CSU’s Engines and Energy Conservation Laboratory, to develop and disseminate improved cook stoves in India. Envirofit is working with local Indian distributors to come up with rural supply chains for the cook stoves. 
, Envirofit intends to achieve its large-scale goals through “enterprise-based business model driving economic self-sustainability, voice-of-the-customer; market research, disciplined ground-breaking research and development, modern product development process, robust durability and emissions testing’, global supply chain supporting centralized quality-controlled mass-manufacturing, multi-tiered distribution & sales networks, location-specific marketing strategies, partnerships with global organizations and local MFIs & NGOs, and global awareness raising and brand building about Envirofit and the problems we look to address.”

British Petroleum/First Energy “Oorja” Stove

British Petroleum (BP) and later First Energy have sold over 400,000  stoves, mostly in Maharashtra and Karnataka and some in Madhya Pradesh and Tamil Nadu. BP’s stove, called “Oorja” (“energy” in Hindi), is fueled by pellets made from agricultural waste. 
 The Oorja stove utilizes pellets because BP/First Energy discovered that users saw chopping wood into small pieces for the firebox as an obstacle and preferred a steady supply of processed fuel that requires minimal additional effort.
 The waste must be pelletized in manufacturing facilities, each of which is at the district level and serves a radius of 200 to 250 kilometers. First Energy recognizes that while increasing stove production should be relatively straightforward, scaling up fuel production will be more challenging.

The stoves and pellets are delivered through twenty-five distributors at the regional level and a network of 3,500 dealers. Of these dealers, 2,500 are women entrepreneurs and 1,000 are already-existing shops that are involved in other activities.
 These women entrepreneurs, called “jyoti,” demonstrate how the Oorja stove works to the village and then sell it.
 Motivation and family support are important criteria during the jyoti selection process, 
 after which they receive training in demonstrations and sales.
 The shop-owners receive training in cooking technology so that they understand and can explain the product they are selling. First Energy intends to invest in creating more networks and distribution channels from the ground up in order to extend the reach of its product. So far villagers have not received any financial support, but First Energy wants to explore financial options, such as microcredit loans, in areas where people cannot afford to purchase the stoves and biomass pellets.

2. Selected Existing Programs with Extensive Delivery Networks

Hindustan Lever Limited (HLL)

HLL has an extensive marketing and distribution network and, as of December 2003, delivers its products to 627,000 villages, including all villages with populations of more than two thousand residents, and 3,768 cities and towns. Initiatives such as Project Shakti and the Global Public-Private Partnership for Hand washing with Soap continue to expand the reach of HLL’s products into more villages.

Project Shakti
Project Shakti is a campaign by HLL to market its products to rural areas. By engaging village women as entrepreneurs who reach out to their communities, HLL has created a new channel for distribution of products and information. As of January 2009, Project Shakti had 45,000 entrepreneurs serving over 135,000 small villages with a total population of around fifteen million people in fifteen states.

In order to select women entrepreneurs, HLL contacts local NGOs that can provide connections to self-help groups (SHGs). HLL chooses women from these SHGs who live in villages with populations of less than two thousand people, and only one woman is chosen per village and within a radius of one kilometer.
  These women are given basic training in sales and accounting to run their own businesses selling HLL products, either in small shops or by going door-to-door in the village.
 HLL is partnering with the Indian Bank, which gives micro-credit loans to Shakti entrepreneurs to purchase HLL products to sell.

These women might be able to disseminate more than HLL products. HLL’s HIV/AIDS education campaign is considering utilizing these women to spread HIV/AIDS awareness and distribute condoms.
 Similarly, if Project Shakti agrees to take on a cook stove initiative, these women might be able to disseminate information about the benefits of cook stoves and how to obtain them, if not sell the stoves themselves. Because Project Shakti is concerned with hygiene and health, the cleanliness and health benefits of reduced indoor air pollution with improved cook stove adoption would be emphasized.

Global Public-Private Partnership for Handwashing with Soap

The Global Public-Private Partnership for Hand washing with Soap aims to promote health and hygiene on a global scale by collaborating with as many interested parties as possible in various countries throughout the developing world. HLL saw this marketing opportunity for its soap products and partnered with the government of Kerala to spearhead this initiative in India, with scientific credibility provided by the London School of Hygiene and Tropical Medicine, Center for Disease Control, and the Environmental Health Project and funding supplied by the World Bank, USAID, UNICEF, and the Water and Sanitation Program.

The Kerala state government allowed HLL to exploit existing infrastructure in order to reach as many people for as little money as possible. Through government channels such as schools and clinics, the hand washing campaign is capable of reaching every village in Kerala. Yuri Jain of HLL explained that in Kerala, “we have the entire government at our disposal… we have 10,000 schools, 20,0000 [sic] social worker centers, 6,000 health centers. We have scale,” whereas the company itself “can only do so much, we can only cover X number of villages [on our own].”
 

In order to encourage behavior change, the hand washing program reached out to people through direct contact and mass media campaigns. Direct contact was accomplished through health and social service institutions and schools. When women visited the health and social service institutions, they were given information about hand washing. Because these visits were often during life-changing events or times when people are most likely to adopt new behaviors (such as giving birth or receiving vaccines), this strategy was successful. Furthermore, HLL carried out an educational program in schools that included four health and hygiene days and compulsory hand washing during lunchtime. The hand washing partnership’s mass media campaign covered every type of media and did not display HLL or other brand names or logos. It is estimated that the direct contact campaign reached 35% of households in Kerala nine times per year and the mass media campaign reached 70% of households forty-three times per year.

A separate initiative in schools, called Swasthya Chetna, promoted Lifebuoy products in villages by targeting children and their parents. As part of the school program, children paraded through the streets of their village chanting slogans about hand washing and prepared and put on skits and presentations about hygiene for the entire village. This reinforced their learning after the school day and passed on the messages to their communities. Furthermore, village elders, who are very influential on the behavior of the residents of their villages, are educated about health and hygiene.
 This program has been successfully adopted in a modified form for the Global Public-Private Partnership for Hand washing with Soap.

These hand washing initiatives have proven the success of utilizing government channels, and the same could be done for cook stove dissemination if state governments or the Government of India grants access to these channels. Health institutions and schools could focus on the health benefits associated with improved indoor air quality, while social service institutions could emphasize the benefits of reduced time spent on cooking and gathering fuel wood. These institutions have the greatest impact on behavior change and may be able to not only create demand for cook stoves but also convince people to actually use them.

E-Choupal
E-Choupal is an initiative by ITC to connect rural Indian farmers with the global agricultural market through Internet kiosks in villages. In each village, ITC recruits a “sanchalak,” a local farmer who manages the Internet kiosk in his home. For each transaction completed through the e-Choupal kiosk, the sanchalak acquires a commission. ITC thus employs the entrepreneur model. The selected sanchalak is someone in the community who the farmers trust. For many farmers who may be illiterate or computer-illiterate, the sanchalak, who is trained in computer use and maintenance, is a “familiar human interface” for the computer. Village trust in the sanchalak is upheld by requiring sanchalaks to continue farming and establishing the role of sanchalak as similar to a public office rather than a businessman seeking profit. The projection of the sanchalak as a public office is strengthened by the title “sanchalak” itself (a title is a sign of status) and a ceremony in which the sanchalak takes a public oath to serve the farming community in front of the village.

Because e-Choupal focuses on the members of the household who are least affected by the cook stoves—men—this type of program might not be the most effective to disseminate improved cook stoves. However, the importance of village trust should be addressed in any cook stove program.

Hariyali Kisaan Bazaar (HKB)
Hariyali Kisaan Bazaar started in 2002 in Del Panderva, Hardoi District, Uttar Pradesh with a store that sold agricultural goods, such as animal feed, pesticides, fertilizer, and farm implements. By mid-2006, HKB had expanded to thirty locations,
 each serving about 15,000 to 20,000 families and 30,000 to 40,000 hectares of farmland within a 20- to 25-kilometer radius. Figure 1 illustrates the services and goods provided by HKB. HKB’s inventory has expanded from farming goods to products that could benefit the farmers’ families, such as fuel, LPG, medicine, kitchenware, electronics, apparel, cosmetics, telecommunication services, etc.
 Additionally, HKB partnered with ICICI Bank to offer financial services, Bharat Petroleum to set up petrol pumps, Motorola to sell mobile phones, and Fortis Health World to provide healthcare. The philosophy of HKB is to become “the one-stop rural hub providing the entire range of services and products to the rural consumer,” and partnering with these companies helps them attain this goal. Under this philosophy, improved cook stoves could potentially be placed on HKB’s shelves.

Tata Kisan Kendra (TKK)/Tata Kisan Sansar (TKS)

Tata Kisan Kendra (TKK), later renamed Tata Kisan Sansar (TKS), was established by Tata Chemicals in 1998 in order to meet all agricultural needs. Similar to HKB, TKS seeks to be the Indian farmer’s “one-stop shop” and has expanded from agricultural goods and credit services to solar power products, telecommunication services, lifestyle products, kerosene and petrol (partnering with Indian Oil). TKS employs a “hub-and-spoke model” in which each hub acts as a resource center that supplies goods and services to village outlets. As of 2008, TKS was serving 3.5 million farmers in 16,000 villages through 497 shops and 25 hubs in Punjab, Haryana, Uttar Pradesh, Bihar, and West Bengal.


Figure 1. HKB’s services for rural farmers

The TKKs have training and exhibition halls. Agricultural training workshops, such as in geographic information systems (GIS), computer services, and new farming techniques, and agricultural film screenings are conducted in the training halls. Exhibition halls hold educational, social, and entertainment programs for Tata Kisan Parivar, a club that Tata developed to strengthen relationships with farmers and their families.

Because TKS sells lifestyle products and has great reach into many villages, it could potentially become a successful outlet for selling improved cook stoves. Furthermore, if TKS collaborates with the cook stove initiative, the training centers could be used to train cook stove retailers and installers and the exhibition halls could be utilized to conduct educational programs for users of improved cook stoves.
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Figure 2. Services provided by Tata Kisan Kendra
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INTRODUCTION
As India’s economy and population grow, the country should seek domestic and renewable energy resources to feed the growing energy demand. India is a developing country and agriculture has always been the mainstay of its economy accounting of 17.8 % of its gross domestic production during 2007-08. It constitutes the backbone of the rural India whose inhabitants are more than 70% of total population. 

Biomass resources are plentiful and sustainable resource in India but an about one quarter of the nation’s biomass resources remain unused. A lot of agricultural waste is generated but only a portion of the kinds of agro waste produced is compatible with current processing technologies. Much of this agro waste is already being used in rural areas without processing. The most important thing about raw material is that there is tremendous variation according to species. Even within a given species there is significant variation according to region, growing conditions, and climatic conditions. 

India’s many varieties of biomass are utilized as energy sources. Biomass can be directly combusted as loose matter, fed into gasifier plants for thermal applications or electricity generation, or densified into briquettes or pellets to serve as fuel in boilers. 

Rural households use loose biomass for home cooking, and some industries and power plants also combust biomass directly. Burning loose biomass results in conversion efficiencies of about 40% and large amounts of dust and ash pollution. Therefore, processing of biomass and densifying it any form not only improves the quality of fuel but also increase the thermal efficiency of it.

Present report emphasizes on the status of biomass processing technologies and entrepreneurs involved in briquette and pellet process in India, existing supply chain to the target peoples, mostly rural areas for processed fuels. The report also address the limitation and constraints of the existing technology with respect to new generation cook stoves, existing supply chain, energy and cost incurred in it and provided herewith some recommendation to overcome these limitations.

OBJECTIVE OF THE STUDY

· Assessment of existing biomass processing technologies

· Status of existing supply chain for processed fuels

· Limitation of processing technologies with new generation cook stoves

· Technology constraints with respect to power, capacity and cost

· Determine the strategies to overcome the technology and other constraints 

BIOMASS PRE-PROCESSING AND PROCESSING TECHNOLOGIES

India has vast varieties of agro-biomass residues that can be used as fuel for cook stoves. Residues such as sawdust, coffee husk, rich husk are in a ready to use form. Other residues require processing and pre- processing for use in combustion purpose. The choice and location of a pre-processing and processing technology are among the most important components of a processing supply system for woody and agro biomass (Jackson et al, 2007). Figure 1 shows the most commonly used processing and pre-processing operations. 

Figure 1 Flow chart for pre processing and processing of biomass for use in cook stoves









Pre- Processing 

Depending on the nature of raw material, the most common pre-processing technologies used in India 

i) Drying

ii) Chopping/ pulverizing
Drying: The rate of biomass drying depends on many factors, including ambient temperature, relative humidity, wind speed, season, rainfall pattern, tree and crop species, and its size. Drying of raw material is often required and can be done by open sun drying or with a hot air dryer. There are added costs in allowing biomass to dry before processing. 

Chipping: Size reduction of the raw material is done with chippers. Chippers are heavy machineries (wt in ‘000 Kg). These chipping machines require power and litres of fuel to run continuously.

Pulverizing: Pulverization reduces biomass particles in size by repeatedly pounding them into smaller pieces through a combination of tensile, shear and compressive forces. Pulverizers accept a wider range of piece sizes. They will even accept short, non-oriented pieces including stumps, tops, brush, and large forked branches. The pulverizing machines too require high power inputs. A hammer mill with a capacity of 1 ton/hr has a power requirement of 40 HP (Dhingra et al, 1995). 

Processing Technologies

Densification of biomass can be achieved by different processes, namely

i) Briquetting

ii) Pelletizing

Briquetting: Briquettes are of standard composition and size, usually 60mm in diameter and has a density of 1.2 g/cm3 from loose biomass of density 0.1 to 0.2 g/cm3. 
Ram or Piston press and Screw extrusion machines are two main high pressure technologies that are used for briquetting. While briquettes produced by piston press are completely solids, screw press briquettes on the other hand have concentric hole which give better combustion characteristics due to large specific area. In India, the present capacity of individual machines ranges from 500 to 2000 kg/hr. 

Pelletizing: Briquetting is not only option for processing biomass. Pelletization of biomass into short, narrow cylinders could provide comparable benefits with lower production costs and less energy intensive. But pelletizing does require more steps than briquettes in the production process; the material must be ground, steamed (to soften the material), pressed through the roller and die, and screened to isolate pellets from dust and unpelleted mass. 

EXISTING MANUFACTURERS AND SUPPLIERS FOR BIOMASS PROCESSING MACHINES

Industry analysis of biomass processing technologies: There are a few Indian engineering firms manufacturing biomass briquetting and pelletizing machines. For the present report, information obtained from suppliers and manufacturers on biomass densification technologies were collected and summarized for understanding the existing technologies and its applicability for effective application in the rural sector. 

Indian manufacturers in briquette manufacturing machines

	Manufacturers
	Briquette size (dia in mm)
	Output capacity (kg/hr)
	Power requirement           (HP)
	Other information

	Lehra Fuel Tech Pvt Ltd, Ludhiana
	30, 40, 50, 60, 70, 90 & 100
	150-2600
	13 to 89
	Required granulated material, vertical feeder, gear box and motor

	Hi Tech Agro, Delhi
	40 to 90
	250 -2000
	15 to 60
	

	Radhe Engineering, Kota
	60 & 90
	500 -750
	75 to 90
	Super -60 & Jumbo -90 models; require biomass of proper size and moisture content less than 10%.

	Harsad Engineering, Rajkot
	60 & 90
	600-1500
	
	HBP -60 & HBP -90 models; require biomass with moisture less than 10% and must be powdery or up to 25 mm sized.

	Enerware Engineering Enerprises, TN
	50 to 65
	400-600
	
	Requires high power for motors and mould heaters.

	M/s Agni Engg & Industries
	50 to 90
	400-1400
	25-85
	


The above tabulated information on briquette manufacturing machineries, capacity, power requirement, and method of production, it appears that briquetting technology is not suitable for fuel processing in rural areas as the machines require high power input and also production capacity is huge as compared for a small community necessitate. The briquette processing technology is mainly for the large-scale production and be used for commercial purposes. Moreover, for the new generation stoves with the requirement of specific-sized fuels, the available briquette sizes are generally unmatched. A hypothetical case describing the constraints between the capacity of existing biomass processing machine and fuel requirement for a rural area is mentioned in box 1 below.


Indian manufacturers in pellet manufacturing technology

To counter the problems of size of briquettes available, status of pelletizing technology in India was examined. In India only a few names are found in the list of manufacturers who supply pelletizing machines.

Hi Tech agro, Delhi supplies pellet presses in few models which produce pellets of size 8-25 mm in diameter. The output capacity of pellet plant is 500 to 5000 kg/hr (with different models), which is huge production for household or village utilization. 

Radhe Engineering also has pelletizing machines, which produces pellets of 8 to 20 mm in diameter, and production capacity is 1 metric tonnes/ hr.  

First Energy has gained experience with development of biomass pellets fuel processing system based on both Indian fodder pellets machine and Imported fuel palletizing machine. They have set up two local fodder pellets machines having capacity 25-30 tpd modified for fuel pellets applications. In addition they have set up one Imported fuel palletizing machine having 2 ton per hour capacity. As part of their cookstove dissemination work the company is able to supply the processed fuel at Rs 7/kg to the endusers. These machines are mainly used with saw dust and a few agricultural residues as feedstocks. Based on the discussion, it was clear there is need to develop/adapt these machines on widely available agricultural residues and to reduce the overall operation and maintenance costs of these machines.   

Abellon Clean Energy, a company based in Gujarat also has gained experience with Pelletizing machines and produces pellets based on locally available residues in the State of Gujarat. The pellets are used in their captive biomass power plant and also sold for Industries as boiler fuel. The detailed information about operational, costs and system performance was not available in Public Domain. 

SURVEY OF EXISTING COOK STOVE MODELS 

With the aim to address the issues like flexibility in using biomass fuel i.e to use locally available fuel, adaptability to cook variety of food items, adaptability to the usage of different types of vessels, many organizations have contributed their valued efforts in designing their versions of the cook stoves. The specifications of the stove models developed by organizations/ NGOs are summarized below in Table 1.

Table1: Different models of cook stove and their specification

	Organization
	Model Type
	Specifications

	Philips 
	Forced & Natural draft stoves
	Optimal wood size: 20X30x100 mm

Heat output: 2-5 kW for forced draft and 1.6-3 kW for natural draft

Charging time: 1x 8 hours

Combustion efficiency: 98-99%

	Appropriate Rural  Technological Institute (ARTI)
	Vivek, Sampada and Agni.
	Vivek runs on loose, powdery biomass. It can operate continuously for 1.5 to 2 hrs. Sampada requires dry woody biomass, wood chips, shavings etc. It is a low power stove, whereas 

Agni is a gasifier stove that runs on briquettes/ pellets. Once filled give high heat for 20-25 minutes.

	First Energy Pvt Ltd
	Oorja Stove
	Stove is provided with mini fan with rechargeable batteries and regulator

Runs on pellets made up of agricultural waste. 

Cost of cook stove Rs 675 & Oorja fuel costing Rs 7/kg

	Envirofit India Pvt. Ltd.
	5 models 
	50% less fuel consumption

HxWxD of cook stove: 27x24x24

Cost of cook stove between Rs 500 and Rs 2000.

	Indian Institute of  Science
	SWOSTHEE, pulverized fuel stove, Gasifier stove for pellets and tiny sticks
	Increased thermal efficiency: 25-35%

Power consumption 3-50 kWt

Continuously burn for 2 to 5 hrs

Cost between Rs 200/3 kW to Rs 600/ 3 kW for SWOSTHEE and Gasifier stove respectively


Ref: Brochures of organization, information collected from conference on biomass cook stoves

From, the survey of new generation cook stove, it was observed that these stoves demand specific fuel supply for desirable performance. There are some other limitations with the dissemination of cook stove technology, linked with the processed fuel supply chain. The same is addressed in following paragraphs.

EXISTING EXPERIENCE FOR SUPPLY OF PROCESSED FUEL 

This slow rate of spread of improved cook stove technology has been attributed to the existence of several barriers, which have been identified in several studies (Jagadish, 2004). Focusing here, one major barrier that is the fuel required for these improved versions of cook stoves. Whatever the cook stove is available; the pre-requisite is the fuel to burn. If the fuel used is improper, it will certainly affect the performance of cookstove.  Therefore, it is important to concentrate on the chain of fuel supply. Fuel supply chain consists of following components- raw material available, it’s pre-processing and processing technologies, supply of processed fuel, and cost incurred in its use. 

The desirability of a fuel in rural areas is based primarily on three factors: price, reliability and supply. In this section, we will discuss about the available strategies for fuel supply in rural areas for improved cook stoves and the new approaches to overcome this barrier.

Many organizations work on different strategies to fulfill the fuel requirement in the rural India. The case studies in this respect are mentioned here in Box 2, 3 and 4. 




It is very unfortunate that these kind of running models is very limited and generally get stopped due to one or another constraints. Thus, as there is unavailability of processed fuels, people used to fulfill their combustion needs with the local, raw form of biomass available with them. Therefore, sufficient supply of processed fuel at their doors will attract them to use the same because using processed fuel not only help in increasing thermal efficiency of cook stoves but also reduces problem of indoor air pollution (IAP), which causes the premature deaths of approximately 400,000 women and children in India every year (Smith K, 2000, 97).
LIMITATIONS WITH EXISTING BIOMASS PROCESSING TECHNOLOGIES
One of the major requirements for large scale deployment of cook stoves in rural areas is to set up decentralized fuel supply linkage around the target areas. The limitations associated with biomass processing technologies are 
1) Technology constraints: Limited capacity to assess, adopt, adapt and absorb technology

Briquetting technology: The briquetting industry overall has stagnated in recent years. While some manufacturers are still producing biomass briquetting machines, many have diversified into other industries or have closed their doors altogether. Some of the key barriers in the current biomass briquetting technology are highlighted below.

· Most of the commercially available  briquetting machines  are of high capacity and produces  large-diameter briquettes required for high input energy, and hence not useful for rural applications 

· The current biomass briquetting technology utilizes certain types of raw materials only and highly sensitive to raw material. 

· The major problems in the current technology are on account of high wear of moving parts. The processing technologies require fuel of specific characteristics, these increase the operation cost of the technology. Moreover, Indian machines experienced more breakdowns and required more maintenance (Lippert at al, 2006)

· The capacity constraints of existing processing technologies are linked to the production. As discussed before, size of briquettes / pellets obtained from processing technologies are quite big to use in existing cook stoves. The cook stove models available required very small sized fuel to burn. e.g. the prototype named Sampada works on wood chips, pellets, and shavings etc, Philips’s cook stove requires wood pieces of specific shape and size and ASTRA stoves (IISc model) require cutting wood into smaller lengths. Availability of such specific fuel is bit problematic.

· The power requirement is very high for briquetting plant, a plant producing 90mm dia briquettes, takes 30 to 35 kWh to produce one tonne of briquettes. The grinder or hammer mill use power from the grid, the hot air dryer that dry raw material also requires power. One study estimates that the dryer’s energy needs usually amount to 10% of briquettes produced (Dhingra briquetting). The high-energy requirement of these pre-processing and processing technologies is not feasible in rural areas. Therefore, there is need to research on biomass  processing technologies which require low energy inputs, has minimum wear and tear and upgrade the biomass to increase its thermal efficiency

Pelletizing Technology: In Europe, the dominant biomass fuel is pellets; even the households and small business markets highly rely on pellets. In India, Pelletization technology is not mature. None of the Europeans had a strong interest in technology transfer, citing mostly infrastructure problems and managerial inexperience (Lippert et al, 2006). The quality of raw material available in both the countries, India and Europe differ in their moisture content, texture, heating value and other physical properties. The high quality sawdust in Europe has enabled Europe to pursue complete standardization of wood pellet composition. In India such standardization is not possible, because the raw material used in different regions shows variation. The Indian industry is characterized by many kinds of raw materials that differ in size, shape, heating characteristics, moisture content etc.  In addition, European machines are often too costly for Indian entrepreneurs to import. 

2) Cost: the second major limitation of the existing biomass processing technologies is the cost incurred in the process. The cost of the processed fuels is quite high as the processes and operations involve in densification of biomass are costly. The cost of the processing technologies increased due to the following factors:
Raw material cost: It was found that 75 to 80% of production of briquettes/ pellets is on account of raw material cost. Biomass processing entrepreneurs face three costs associate with raw material. First, there is cost of raw material itself, which entrepreneurs tend to purchase mainly from consolidated suppliers or sometimes from individual farmers and producers, depending on the raw material and the region. Second, there is cost of drying, grinding and otherwise processing the raw material to make it suitable for processing into pellets. Thirdly, there is the cost of transportation of biomass from source to machines and finally to users.
Energy cost: Energy cost to run processing plants often exceeds original project estimates. For an example, the briquetting machines require 35 units of power per hour (50-90HP). Some other processes require power from grid, resulting in high cost on energy.  
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Table 3.4. Cost to subsidize individual improved cookstoves and the number of stoves that can be disseminated to BPL and APL households for the equivalent cost of the LPG subsidy under various capital and loan interest subsidy scenarios. The LPG subsidy was INR 17,600 crore in 2008-2009, and the loan under consideration is paid back in 18 months with 20% interest. It is assumed that the subsidy in the following year is the same as the previous year (so 1.5 years of subsidy = INR 26,400 crore), all natural draft stoves will be adopted by BPL households, and all forced draft stoves will be adopted by APL households.
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Households make a request for the improved stove to the entrepreneur, personally or through a postcard. 


In response to the request for the stove, the entrepreneur fixes up a date and time for construction.


Households procure materials such as sand, grate, bricks, prepared clay, pipe, ash-pit door and firebox doors from a designated supplier as instructed by the entrepreneur. The entrepreneur brings with him only iron angles and prefabricated stove-tops that have with experience been improved upon by the stove-builder.


On the date fixed for construction of stoves, the entrepreneur arrives at the household and requests for labour to assist him in construction. He will take about 2 to 2.5 hours to complete the construction. Then, he leaves instructions with the housewife to fire the stove when it dries, after 2-3 days.


Housewives are instructed on the methods of using the stove and the best practices for deriving high performance from the stove, including:





removing ash from the ash-pit;


cleaning stove and chimney;


closing doors of firebox and ash-pit during cooking;


use of reducers on stove openings for small vessels;


closing of the unused opening;


shifting vessels during cooking; and


Cooking or simmering, using the stored heat, after firing stops.





The entrepreneur revisits after about a month to check for any problems and to ensure proper practices are adopted to derive maximum efficiency.


The initial agreement includes free repair at any stage in case of faults or minor defects without any specific time-limit. In case of reconstruction or major damage, the entrepreneur charges according to the extent of damage or repair. However, in most cases, such a situation never arises.


Full guarantee of the ASTRA stove and its performance is given by the entrepreneur to all his customers. In case of poor performance, he will carefully detect the faults and rectify them. He will also try his best to ensure proper performance.


The construction cost for the stove during the initial years was around US$ 3 and it increased to about US$ 5 by 1993. Currently, the cost for a cook stove is US$ 12. Households are expected to pay the full amount in cash right at the time of construction.








Factors contributing to success of NISP potentially applicable to a new Indian program
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Box 1: Assuming a hypothetical case, the constraints between existing processing machines and fuel requirement 


Say, a village of 100 families with average family members is 6. The fuel wood consumption in a village is 1.5 kg/person/day (Jagadish, 2004) and. Therefore, average fuel wood consumption will be 9kg/family/day and 3285 kg/family/year.


If by using improved cook stoves and proper sized fuel, efficiency increase by 50%, then fuel wood consumption will reduce to half of the existing consumption, and then total fuel wood consumption will be decreased to 1645 kg/ family/year and 4.5 kg/family /day which is approx. 450kg/day for a village of 100 families. 


If we consider the 5 hrs operation per day, then the capacity of processing machine required should be 100kg/hr. but on other side looking available processing technology, we found that the minimum capacity exist will be much higher than the required in a rural area.


 








Case studies: existing strategies for supply of processed fuels


Box 2: Strategy developed by BP


(Refer: Published paper of winrock international, small pellet stoves for rural customers) 


BP tested the models among the rural consumers. A team of businesswomen was engaged in selling of cook stoves and fuel pellets made up of agricultural waste products. The businesswomen make a slender commission on the 675-rupee metal stoves and 20-rupee sacks of pellets. The company recruited and trained entrepreneurs in 2750 villages across the states of Karnataka, Tamilnadu and Maharashtra, where they racked up sales of 200,000 stoves. But in a country with poor roads, ensuring a reliable network for repairing of cook stoves and pellet supply represents a major challenge for BP. Entrepreneurs like Lakshmi Babu Pitagi (Businesswoman of village Karnataka who sold cook stoves for Philips Pvt Ltd) generally refuse to supply the materials on installments and women who walk for hours to collect free firewood in India generally cannot afford payment of stoves and sacks of pellets to run it. 





Box 3: A handy Kiln developed by ARTI for continuous supply of processed fuel


(Refer: website and published paper)


ARTI, an NGO is working extensively in development and dissemination of rural technologies. ARTI tried to develop a potential market region-wise for the sufficient supply of fuel for its cooking system ‘Sarai’, they develop a handy kiln for making briquetted charcoal from sugarcane trash, dry leaves, left in field after harvest of sugarcane, are called trash. A hectare of sugarcane generates about 10 tonnes of trash. Because it has no value as cattle fodder, pyrolysing the trash and converting it into briquettes can be profitable, small scale, rural business. A family unit of 3 persons can make 100 kg briquettes. The briquettes have a ready market in towns, where a cheap and cleanly burning fuel is in demand. An NGO, SHG or a cooperative has to arrange the marketing of the briquettes in the neighboring townships.





Box 4: Biomass distribution supply chain model of RRUS


(Refer: Brochure of organization RRUS)


Another model was run by Rural Renewable Urja Solutions (RRUS) to set up biomass distribution supply chain. In their model local entrepreneurs will be encouraged and provided with funding and technology to support independent business units. Independent business units will operate in a pre-assigned region that will cover a range of 200 kilometers. Each unit will be self-contained with access to biomass and will use the same biomass, which is available within the boundaries of the project activity. Each unit will be setup to process 10000 to 15000 tons of biomass per year. To ensure the timely availability of biomass, each unit will develop an interface with around 10 biomass collection centers covering a total of 40-50 villages. Every collection center will be run by micro- entrepreneurs or self-help groups providing employment to around 50 people, mostly women for the collection, drying and shredding of biomass for an efficient storage and transportation. The developed market for these biomass briquettes is institutional kitchens and small-scale industries, brick kilns, smokeless mid-size scale stove etc.
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