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Abstract 
  Access to light is a serious development issue for those living at the Base of the Pyramid 

(.i.e., those who live on less than $5 per day), especially for individuals living in rural areas.  The aim 

of this project is to develop a scalable, financially sustainable business model that a microfinance 

institution can implement in extremely poor rural areas.  When implemented, this model will not only 

allow households to obtain light, but also create a new, viable business in the form of a micro-utility.   

In order to generate our recommendation, we decided to focus our research on a specific 

village in India—Bhudapada Village near Sambalpur, Orissa.  Bhudapada was chosen due to its 

relationship with the Baharat Integrated Social Welfare Agency, a microfinance institution.  

Bhudapada represents the “worst case scenario” in rural villages across India.  Most of the residents 

earn their living as daily agricultural laborers, surviving on an average per capita income of USD$1 

per day.  However, the village also has some points of development, namely the existence of a self-

help group, a self-organized group of local entrepreneurs that support each other in financial savings 

and risk diversification, and runs a small soap business and grocery store.  BISWA has an 

established network of almost 15,000 self-help groups, which this project’s recommendations were 

designed to leverage, maximizing the speed at which it could be scaled up following a pilot 

implementation.  

This strategy also enables a rapid expansion of the income generating and development 

activities this model will create within the self-help groups themselves and the villages they operate 

in.  With greater availability of light, the self-help groups will be able to expand their business activities 

into the evenings and also to generate income from a new enterprise, the provision of light to their 

neighbors.  With light, villagers will be able to expand their own participation in cottage industries 

such as craft making, benefiting from the additional income opportunities this presents, as well as the 

opportunities for non-income generating activities such as education and safety this light will provide.   

Our recommended business plan involves three partners: the Baharat Integrated Social 

Welfare Agency, product manufacturers, and the villagers.  The Baharat Integrated Social Welfare 

Agency will lend money to the self-help groups that will start and manage the micro-enterprise, which 

is consistent with their current operations.  Self-help groups will purchase LED lights and solar battery 

chargers with rechargeable batteries of different sizes.  The self-help group will then function as a 

micro-utility and will provide the light to villagers using financing options suitable to their level of 

income. 
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I. Introduction  

While many private companies and non-governmental organizations (NGOs) are willing to 

develop pilot projects and subsidize energy in the developing world, these efforts often do not go far 

enough to solve the problem of the lack of rural energy.  The goal of this project is to introduce a 

scalable business model that makes electric light sustainable, as well as, profitable in the economic, 

environmental, and social conditions that exist in India’s poorest rural villages.  The business model 

we developed is one that a microfinance institution can implement in extremely poor, rural areas.  

When implemented, this model will not only allow households to obtain light, but also create a new, 

viable business in the form of a micro-utility.   

In order to generate our recommendation, we focused our research on a specific village—

Bhudapada Village near Sambalpur, Orissa—as a case study in business plan development for the 

poorest of the very poor.  Bhudapada Village provides a microcosm in which to in which to conduct 

field research regarding the villagers’ preferences, needs, and challenges. Bhudapada was chosen 

due to its relationship with the Baharat Integrated Social Welfare Agency (BISWA), a microfinance 

institution.  Bhudapada represents the “worst case scenario” in rural villages across India.  Most of 

the residents earn their living as daily agricultural laborers, living on an average per capita income of 

$1 per day.  However, the village also has some points of development, namely the existence of a 

self-help group (SHG), a self-organized group of local entrepreneurs that support one another 

through financial savings and risk diversification and run a small soap business and grocery store.  

BISWA advises their established network of almost 15,000 SHGs and the project’s recommendations 

were designed to leverage this network of SHGs so as to maximize the speed at which our   specific 

technological and financial recommendations could be scaled up following a pilot implementation 

program.  In order to make sure that this plan could be implemented by the residents of Bhudapada, 

and villages like them, our research team traveled to India and performed field research to assess the 

villagers’ energy needs and preferences.   

Our project seeks to fill the gap between the desire for development by the rural poor, 

commercial interests and NGOs and the considerable barriers to entry regarding development and 

deployment of scalable local business models that incorporate the appropriate market and technical 

considerations.  Our research led to the creation of a scalable, renewable energy production plan that 

incorporates the microcredit method of lending to SHGs in rural underdeveloped areas.  Ultimately, 

our aim is for the business plan to inform the BISWA when it undertakes projects that provide power 

to villages via SHGs.  The project’s goal of making electricity broadly available in rural areas of India 

is really one of providing these communities with a basic service that can increase their economic, 

environmental, and social well-being by creating opportunities that were previously unavailable on a 

large scale in these rural areas.  
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II. Project Methodology  

All of the methods that we employed throughout the project sought to incorporate the Base of 

the Pyramid (BoP) Protocol in conjunction with sound academic research.  In order to provide a 

context for our case study in Bhudapada we researched cases studies that focused on renewable 

energy strategies in the developing world.  Our research highlighted gaps and barriers to energy 

development in rural markets in the developing world as well as best practices for business 

development and technology choice.  A summary of cases that highlight the prevalent models for 

technology and financial models will be presented later in the report.  Next, we engaged in primary 

research in Orissa, India with our client organization, the Bharat Integrated Social Welfare Agency.  

During this time, we had the opportunity to visit rural villages and administer a market research 

survey that assessed villagers’ energy preferences and needs. Several of the survey questions 

provided information on types of labor and corresponding wages available in the village as well as 

what villagers would do if they had electric light in their homes.  The data and information collected by 

the survey were then used to inform our technological and financial analyses.  Finally, we developed 

recommendations for how the village could obtain light sustainably, both environmentally and 

economically, thereby furthering their economic and social development.  

Generating solutions for the BoP requires a new way of thinking that approaches each 

development constraint as an opportunity.  BoP theory is predicated on the principle that business 

has a unique opportunity to contribute to poverty alleviation at the poorest levels of a society by 

offering sustainable solutions that leverage the triple-bottom line: economy, environment, and 

people.2  The BoP is defined in several different manners, the most general of which, refers to 

individuals living on less than five dollars per day.  The BoP stresses the need to involve local people 

in the development of small businesses.  Business strategies for the BoP involve six main principles: 

external participation, co-creation, connecting the local and non-local, patient innovation, self-

financed growth, and a focus on what is working within a society.  Both our primary and secondary 

research and indicate that people living at the BoP can assist in their own community’s economic 

development by performing various roles such as consumers, producers, and participants.  

Successful BoP ventures utilize local knowledge and work to integrate the people they are trying to 

help. Our business solution for BISWA, and its client villages, presented in the remainder of the 

article, draws upon these BoP principles.  The cornerstone of our recommendation is that rural people 

who receive light will also be able to profit from its distribution, in turn solving their own development 

needs and those of their neighbors.   

One of the reasons that business models for rural renewable energy production are not more 

common is that producing a business plan for the BoP is challenging due to research and 

communication barriers as well as the need for a project team with a multi-disciplinary skill-set.  

Conditions among the rural poor can vary widely and include demographic, development, and legal 

issues.  However, some conditions among the rural poor remain constant such as low socio-
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economic development and a desire for increased development and access to education.  Therefore, 

we have been careful that the recommendations resulting from this research are in line with BoP 

principles, are applicable to our client organization, and address gaps and pitfalls found in similar 

cases.   

III. Bharat Integrated Social Welfare Agency 

Bharat Integrated Social Welfare Agency (BISWA) is a nonprofit microfinance institution (MFI) 

based in Sambalpur, Orissa, India, that was incorporated in 1995 and began lending in 1997.  BISWA 

loans money through its network of SHGs, which use these borrowed funds as start-up capital for 

microenterprises.  As of September 2006, BISWA had relationships with 14,590 SHGs representing 

220,840 individuals, 98% of whom were women.  In 2006, the average loan to a SHG was Rs. 3,187 

(USD$79) and total outstanding loans equaled Rs. 696 million (USD $17.4 million).3   

BISWA is currently organized into two programmatic areas: development and lending.  

BISWA’s developmental activities fall under the Basic Needs Program.  The Basic Needs Program is 

organized as an NGO that helps to provide four basic needs: drinking water, food, education, and 

health care.4  BISWA’s philosophy is that basic physical needs must be met before any further 

development can take place.  However, it is important to note that BISWA believes that help should 

not be given for free.  In fact, villagers are asked to contribute financially for the provision of these 

services so that the services are properly valued, enhancing the villagers’ feelings of ownership and 

dignity.  For example, BISWA established a school in Bhudapada Village because the government 

school did not remain open consistently.  For this educational service, villagers pay approximately Rs. 

1 to 3 (USD$0.02 to $0.07 cents) per month.  These small payments do not cover the full cost of the 

development expenditure.   

Lending to Self-Help Groups 
Our recommendation for a business model based on the provision of light through a micro-

utility is not without precedent.  BISWA has financed two microcredit enterprises in the village of 

Bhudapada already.  These small businesses include a soap making unit and a small grocery store.  

Although these enterprises provide substantial income for the women of the SHG, who run them and 

took out loans to finance them, the businesses can only operate during daylight hours, which 

significantly hinders the village’s development.  The provision of light would not only allow existing 

businesses to function beyond daylight hours, thereby enhancing profitability and production, but 

could also provide income through the development of a new business, such as a micro-utility 

company while also providing other villagers with light at a reasonable rate. 

BISWA’s lending activities are extremely labor intensive due primarily to the rural nature of 

the population that they serve, the development issues associated with this population, and the sheer 

size of the number of SHGs that they serve.  BISWA must, therefore, develop prepackaged business 
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ideas that their clients can implement and that can be scaled across the entire organization.  The 

micro-utility business plan is one that BISWA can implement across the 14,590 SHGs that it deals 

with, providing needed businesses as well as simultaneously improving lives through the provision of 

light, thus fulfilling both of BISWA’s dual missions.   

Organizational burdens are heavy because in addition to serving a multitude of small loans 

for a rural population, BISWA must concentrate on developing the social capital of the SHGs and their 

microenterprises in order to ensure reliable repayment.   One of BISWA’s challenges in lending to a 

rural population is that they are not as well-educated as their urban counterparts on what types of 

businesses they can start.  This gap in knowledge is due primarily to the rural population’s isolation.5  

Urban women see opportunities more easily because they are surrounded by several classes of 

people.  Rural women, on the other hand, are not generally exposed to many different business 

ideas; therefore, it is difficult for them to imagine how they could use money to start their own 

business.6  The administrative burden of this organizational structure, among other factors, has 

precipitated a change to a “federation” model whereby BISWA will only loan to federations of SHGs, 

and any direct loan servicing, including payment collection and business development, will be 

handled by this intermediary federation structure (Appendix B).  
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IV. Macro-Environment – Energy Profile of India and Orissa 

 In order to understand the energy environment that rural villages such as Bhudapada face, it 

is important to understand the energy profile of India and that of Orissa.   India is often held up as a 

rapidly-developing country that has benefited considerably from globalization.  The reality, however, 

is that these benefits have only extended to a small percentage of the Indian population, 

predominately those living in urban areas.  The gap between rich and poor is especially vast between 

those living in urban areas and those living in rural areas.  Table 1 shows the percentage of people 

living below the poverty line as a comparison of rural and urban India.   

 

Table 1: Percentage of people living below poverty line (BoP) in rural and urban areas by occupation, 

India 1993-94 and 1999-2000.7

 
Recognizing that poverty and development are linked, the Indian government has set a long-

term goal of providing electric power to all citizens by 2012. This goal includes adding 100,000 

megawatts (MW) of capacity to the 2005 installed base of 118,419 MW, an almost 100% increase in 

capacity.  The additional transmission and distribution systems needed to support this capacity are 

also part of the 2012 goal.8   Renewable energy makes up a total of 5,700 MW of India’s installed 

capacity (4.8%).  Of this, 3,000 MW is wind power, 50% of which is located in the state of Rajasthan.  

Orissa has only 1.1 MW of installed wind power.  There are 1,693 MW installed of small hydropower 

(7.3 MW in Orissa) with 40.97 MW under construction, and additional potential capacity of 156 MW.   

The transmission and distribution of electric power in Orissa were owned by the Indian 

government until 1991, at which time, several crises in the sector occurred including financial 

mismanagement, performance issues, and loss of credibility.  There was some entry into the sector 

by private generators of power; however, they were unable to transmit the power effectively.  

Therefore, the government decided that growth in the entire utility sector would be best achieved 
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through privatization.  Therefore, the government developed a model by which they unbundled 

transmission, generation, and distribution to separate companies.  The pilot was launched in Orissa.9   

Rural areas were to benefit from the privatization and unbundling of the electricity grid, 

however, projected gains have not been realized due to the lack of fit between the costs of large 

scale development and the capacity of the rural poor to pay for the services this infrastructure 

provides. 10  Those villages that are largest in size and closest to the grid are first in line to benefit 

from the limited funds for the expansion of rural electrification.  These funds are given as high interest 

loans to the private owners of the distribution network.  In turn, the owners are responsible for 

managing the villagers’ service contracts.  This type of scheme, however, requires the villages to 

have a steady cash-flow income.  Decentralized solutions, such as solar energy, may be more 

preferable for areas that are far from the grid because they don’t know when, or if, a grid connection 

will ever materialize.  This is a circular dilemma, as the ability to pay for services is dependent on the 

level of development and the level of development is dependent on the ability to access fundamental 

services for the basic needs of the community.  

When the Orissa State Electricity Board (OSEB) was restructured, OSEB’s rural development 

wing was disbanded, effectively leaving rural electrification to the newly formed, private power 

companies.  Since rural electrification projects do not present a highly profitable opportunity for the 

privatized electricity agencies, there has been little movement on that front nor is there any reason to 

believe that there will be in the future.  However, the introduction of the free-market into the 

electrification of Orissa is not completely to blame for the state of the system.  After privatization, the 

governments of India and Orissa have done little to provide planning or funds for rural energy 

development.  The few projects undertaken by the private companies have yet to be paid for by the 

government.11   

In a heavily agrarian and mountainous state such as Orissa, many villages remain 

inaccessible and are not connected to the electricity grid.  In Orissa, it is estimated that there are 

9,682 rural villages and over 6.6 million households, rural and urban, which need to be electrified.  It 

is also estimated that 80.6% of all households in Orissa lack electricity.12
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V. Case Studies: Identifying Trends and the Project Gap 

In order to understand the potential pitfalls of implementing a project in Bhudapada, it was 

imperative to understand the projects that had preceded our research; therefore, we specifically 

selected applicable cases that illustrated key challenges and best practices for sustainable 

electrification and lighting projects in rural areas.  The following analysis helped us better understand 

the rural lighting issue in developing countries.  Although cases from India were preferred, we did not 

limit ourselves to this country primarily because rural people in the developing world often have 

similar development issues.  Rural communities use similar sources of fuel (kerosene and wood) and 

have similar energy use patterns (i.e. women are disproportionately responsible for gathering fuel and 

for large energy use activities such as cooking).  Additionally, from a development perspective, the 

rural conditions in Indian states vary widely from one region to another; literacy, homogeneity of the 

population, and availability of development assistance are some of the parameters that vary from 

state to state.  Therefore, it is appropriate that the cases studied also display similar variety as a basis 

for this project’s analysis, its recommendations and implementation.  We found applicable cases in 

India, the Caribbean, Latin American, and Africa.  The following points outline the lessons learned 

from our case summaries. 

 

• The chosen technology must be appropriate, provide adequate and reliable light, and be 

obtainable rural areas.  One of the challenges with rural distribution is that replacement parts 

are difficult to obtain.   

• The villagers must take responsibility for maintaining the technology.  Maintenance systems 

need to exist along with the technology.  In the Enersol and SELCO cases, the maintenance 

of the technology provides for the longevity of the project as well as consistent revenue 

streams and employment.  

• The villagers must have a monetary stake in the project.  In all of the cases examined, it has 

been illustrated that when the population has a financial stake in a project, they will maintain 

the equipment and the project will have a better chance of being financially sustainable.   

• There are insufficient financial services for lighting products acquisition in rural areas 

because these projects are typically perceived to be too risky for large financial institutions to 

engage in.  This gap between need and service availability produces a market opportunity for 

MFIs or others who have a lending relationship with this high risk rural population.   

• People are willing to pay more for equal amounts (time) of electric light than they are for 

kerosene, candles, and batteries because light allows them to perform additional activities at 

night.  

• Many of these benefits are particularly significant for women, who often spend more time in 

the home and therefore appreciate the improved light, clean environment, and additional 
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working hours. Furthermore, many women take responsibility for payment which reinforces 

their participation in the economic life of the village. 

• Villagers use light to extend working hours, to increase educational opportunities, and for 

entertainment.  Enterprise and educational aspects are the most important advantages of 

light.  Electricity enables users to listen to music and watch videos, helping them feel more 

connected to the world.   

• The demand for the product must come from the users.  If the population being served does 

not desire energy and do not have activities that can benefit from energy, the project will not 

succeed.   

Technology Choice 
The cases considered show a variety of technology choices, however, the most successful 

technologies have been those dealing with light.  A project in Indian village of Dhanawas provided 

valuable insight into how technology choices impact project success.  Dhanawas is a village in rural 

Haryana, which has worked with the Tata Energy Research Institute (TERI) since 1984 carrying out 

field trials of various renewable energy technologies with the express purpose of improving the lives 

of rural Indians.13  The case is relevant to our study of Bhudapada as TERI used the village as a 

testing site for many sustainable energy technologies including different types of solar, biogas, and 

other resources, illustrating both the technical and social successes and failures of rural villagers in 

adopting different technologies.  This case also provides applicable lessons learned and 

implementation structures.  

Dhanawas is dissimilar to Bhudapada in many ways, most importantly in that the village has 

strong urban linkages and has the help of TERI to find and implement technology that its residents 

would normally not be able to search out or afford on their own.  The solar solutions implemented on 

a trial basis in Dhanawas include solar lanterns, solar street lights, solar hot water heaters, and solar 

cookers.  Of all the solar solutions, only the lanterns were successfully deployed.  The solar water 

heaters did not provide hot water when needed and the solar cookers necessitated changes in 

cooking habits and tastes.  The cookers took a very long time to use and were not usable for cooking 

certain staple foods.  The solar lanterns, however, extended work hours and allowed villagers to care 

for animals at night.  In addition, women found cooking easier, savings in kerosene were reported, 

and children were able to study at night.  Problems faced by the villagers included finding 

maintenance parts and skilled technicians.  The lanterns worked for two years before extensive 

maintenance was needed.  Villagers were trained in order to deal with some of the problems with 

maintenance and part replacement.   

Another example of successful photovoltaic light implementation was found in Zambia in the 

Photovoltaic Energy Service Company (PV-ESCO) project.14  The Zambian case illustrates a pilot 

project that went a step beyond the Dhanawas project by piloting a business model as well as a 

technology.  The PV-ESCO project was initiated by the Zambian energy minister in 1996 and was 
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developed in cooperation with researchers from the Stockholm Environment Institute and funded by 

the Swedish International Development Agency (Sida).  The operating area for the PV-ESCO project, 

Nyiamba, had a district population of 63,000 whose main occupation was small scale farming.  The 

area was not electrified and there was no telephone connection and no television broadcast available.  

The PV-ESCO provided electricity using solar home systems (50 watt power) with four lights and one 

socket.  All of the solar home systems (SHS) were donated to the PV-ESCOs. 

Distribution Models 
 The distribution model refers to the method of getting power to users.  The products used in 

the aforementioned cases were not sourced through the same organizations that provided financial 

and set-up assistance.  The following cases highlight two organizations whose business models are 

unique in combining distribution of energy products with financing and maintenance services. 

An India organization, the Solar-Electric Lighting Corporation (SELCO), provides sustainable 

energy services to underserved households and businesses.  The company’s primary mission is to 

enhance the quality of life and create opportunities for increased income generation for people living 

in poverty.  Since 1995, SELCO has provided affordable and reliable solar electricity systems to more 

than 75,000 homes in southern India.  SELCO achieves its mission by employing small-scale, 

modular, distributed technologies such as solar photovoltaic (PV).  The firm targets individual homes 

and businesses that are disconnected from the electricity grid.  SELCO delivers PV products directly 

to their customer’s doorstep.  With its expansive network of service agents, it is able to provide at-

home design consultation, installation, and after-sales service on all products sold.  SELCO helps its 

customers finance their purchases by partnering with rural banks that offer microfinance products and 

services.15  SELCO systems utilize PV modules that harness solar energy to provide electricity for 

lighting, water pumping, communications, computing, entertainment, and small business appliances.  

The most common product is their SHS, a solar electric lighting system designed for households and 

small businesses lacking a reliable and safe electricity option. 

SELCO customizes each of its systems, incorporating need and affordability.  All installations 

and user training are carried out by SELCO technicians. SELCO’s door-to-door service has boosted 

consumer confidence in the organization as well as the technology.  Service is free during the first 

year, during which SELCO staff visit each system every three months to make sure that it is working 

correctly.  Service centers are located in such a manner that all customers are within three hours of 

help.  PV modules supplied by SELCO come with a 10-year guarantee and batteries have a 3-year 

guarantee; any product failures are reported to the SELCO head office, which maintains records for 

all systems so that problems with suppliers can be tracked down quickly.  All SELCO service centers 

are fully stocked with spare parts, ensuring that replacements can be made quickly if there is a 

problem.  

Like SELCO, Enersol has also seen success in the provision of energy services to rural 

communities.  A nonprofit founded in 1984 to serve the rural populations of the Dominican Republic 
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and Honduras through electrifying off-grid communities, Enersol, was developed by the Solar Based 

Rural Electrification Concept (SO-BASEC).  There are two components that make Enersol 

noteworthy: local technicians and NGO financing.  First, Enersol trains local technicians and system 

providers on how PV technologies work, how to locate suppliers, and how to appropriately price 

services.  Second, Enersol recruits NGOs to finance the projects.  One of Enersol’s often discussed 

projects involved providing solar PV systems (panel + battery + pump) that are used to draw water for 

agricultural purposes.  Local solar companies are hired to provide service for the systems.  Aquasol, 

as the product is known, was initially produced in 1994 after PV became more heavily 

commercialized throughout the country in an attempt to affect broader social impact.  In more than 

half of these communities, women play a fundamental role in keeping the system running and 

collecting monthly payments.  In spite of their social success, at the time of the case writing, projects 

using NGO support (NGO buying and managing the systems) have not been able to recover the 

capital costs for any of the projects.  

Self-Help Group Distribution  
Regarding solar PV technology, we found that SHGs have not been effectively used as a part 

of the supply chain as we are recommending in the BISWA plan.   There are other examples, 

however, of SHG participation in the distribution of other energy technologies.  In India, SHGs form 

the distribution channel for highly efficient chulas (cook-stoves) that do not use as much energy as 

traditional stoves, via the Shell Breathing Space program.16  There are three distribution models used 

in this program: the SHG finances purchases of the cook-stoves by its members, the SHG 

manufactures the cook-stoves, or the SHG finances other entrepreneurs who then manufacture and 

sell the cook-stoves.17    

SHGs have proven important in other capacities besides acting as a direct distributor of 

technology.  In the SELCO case for example, SHGs met to support members in domestic and farming 

matters. The groups made sure that member’s more basic needs (like wells or farming equipment) 

were covered before they invested in a solar home system.18  

Financing Models 
In the case studies considered, two broad methods of financing were used for obtaining 

energy systems: donations or self-financing.  However, cases of donated systems are very common 

in the literature.  It is important to note that heavy reliance on NGOs and donor support does not 

create a sustainable approach for providing electricity to rural communities.  In many cases, 

technology is implemented on a pilot basis, necessitating outside donation of technology, which 

precludes any investment on the part of the recipients.   Some of Enersol’s programs are reliant upon 

grants and donor support even as they operate at a loss, relying heavily upon NGO support including 

USAID, World Bank, Peace Corps., INDENOR, Winrock, and the Skoll Foundation as well as 

individual donor support.   The program has also received private grants from companies such as 

 

 

 

10



  

Citibank which helped provide funds for launching the Aquasol program.  Although all of Enersol’s 

programs are not financially sustainable, they have helped to alleviate some poverty by training local 

technicians to support the systems.   

 In some cases, the donation of technology simultaneously creates problems even as it solves 

them, demonstrating another weakness of the charity procurement model.  In the Dhanawas case, 

the U.S. Secretary of Energy donated sixty-two solar lanterns to the village; however, deciding how to 

distribute the solar lanterns proved problematic as there were one hundred and ninety households in 

the village.  Since the lanterns were a gift, there was no market mechanism for distribution.  In the 

end, the village chief decided who was to receive the lanterns and all the families receiving them had 

some connection to him, a biased process to say the least.     

 The best case of self-financed systems is the SELCO model.  A typical 4-light SELCO solar 

home system is sold for approximately Rs. 18,000 ($450), a figure far greater than the annual salary 

of many of SELCO’s customers.  This includes design, installation and a one-year service contract. It 

took SELCO three years to convince banks that solar electricity would empower borrowers 

economically and help them repay their loans.  In some instances SELCO installs demonstration 

systems in banks to instill confidence in the product.  

SELCO’s efforts have given finance organizations the confidence to provide credit for PV 

systems, and an understanding of the payment terms that different owners may require.  Some users 

are financed on an individual basis, while others are financed as a member of a SHG, and over 90% 

of SELCO’s customers take advantage of the micro-credit options available.  Interest rates are based 

on the credit source and range from 5% to 14%.  Customers typically pay 10-25% of the total cost of 

the system immediately, paying off the balance over three to five years.  In one case, installment 

amounts were Rs. 300-400 per month ($8-$10) over five years.19  By extensively researching its rural 

customers, the SELCO team determined that this level of payment was affordable based on the extra 

earnings which the light system enables.  SELCO also effectively tapped the existing local farmers’ 

societies for refinancing solar systems to the end-users.  The company is now a channel for the 

World Bank line of credit to these farmers’ societies, thus creating a sustainable link from an 

international financial institution to the remote village level.20  

Service and Support Ensures Success 
Service and support for solar PV technology is essential for utilization, adoption, and financial 

success as well as for increasing employment and development opportunities.  The SELCO case 

study demonstrated that systems will lie in neglect if something breaks and a technician is not readily 

accessible.  Similar projects have also revealed the increased level and speed of adoption of these 

technologies when a village resident is able to demonstrate and educate the other villagers about the 

technology. Training a local technician also has the added benefit of creating employment and 

maintaining some of the money exchanged for ongoing costs in the community.21  
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A company that manufactures and sells SHS to rural parts of Sri Lanka enjoyed considerable 

success after it began training local youth to serve as sales agents and maintenance technicians for 

their systems.22  The company conducted training sessions for youth who were seeking employment 

in their villages and the youth, in turn, serve as on-site sales agents promoting the technology among 

their fellow villagers.  The trained youth are also capable of maintaining the systems.  Before the 

training program began, the company had encountered difficulty in selling SHS in markets that lacked 

local technical support.  The rural people were apprehensive to buy a complicated piece of 

technology without a person readily available to help them troubleshoot any problems that might 

arise. 

Tilonia Barefoot College established a similar program in India, educating rural women on the 

advantages of SHS units so that these women can serve as liaisons for the technology.  The women 

are trained in order to conduct educational sessions about SHS technologies in their villages and to 

service systems that require maintenance.  This allows the women to gain supplemental income as 

salespeople and as technicians.  It also exposes rural populations to SHS technologies and increases 

adoption rates.  

Another advantage of providing local technicians is that their service can help prevent loan 

default.  SELCO has identified a correlation between system operation and continuance of payment.23  

Customers are more likely to make consistent payments if their systems are in good working 

condition.  Doorstep service assures the consumer as well as the financial provider that these 

systems will remain in good operating condition.24  

Economic and Social Impacts 
Light has the power to change lives on an economic and social level.  Through light, 

businesses are able to stay open longer and people who previously have not had the opportunity to 

do much beyond their daily labor are able to extend productive activities, including education, into the 

evening hours.  For example, in Bhudapada, the existing businesses must close when the sun sets, 

and all productive activity in the village, including cooking, reading, and handicraft production ends.  

The list below summarizes the benefits of light that resonate strongly with rural users:  

a. Longer business hours in rural areas, translating to higher monthly incomes. 
b. Cleaner, healthier environments, both at work and at home, as compared to those 

provided by kerosene lamps. 
c. Increased safety for mobility and protection from animals. 
d. Reduced dependence on kerosene/LPG, thus reducing monthly energy costs. 
e. More time for children to study after sunset. 
f. More quality time spent with families (television, dinner).  
g. Increased possibility of use of televisions, computers, and cellular phones.   

 

The greatest environmental impact, measured by solar light, is the reduction of more than five 

tons of CO2 and other greenhouse gases per installed system.25  However, SELCO indicated that 
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when its BoP consumers were made aware of this fact, they were apathetic. 26   Regardless, 

environmental considerations are important for India as it continues to develop and affect its natural 

habitat.   

A SELCO story that illustrates the economic impact of light is related here: 
 

Kumarasiri, a highly skilled carpenter, had a tiny un-electrified workshop in 
his house.  Without electric light, he often could not complete the orders in 
time since he was limited by his daylight working hours.  A SELCO 
representative introduced him to a solar lighting system.  Through the 
payment scheme, Kumarasiri invested in a new solar lighting system.  He 
now carries out carpentry work from his home under electric light.  With more 
time to produce higher quality items, his earnings have increased and he has 
a more sustainable livelihood.27    

 

The same effect was seen in the Zambian ESCO case study in which the system boosted an 

already established commercial operation’s business.  Although the economic impacts of light are 

quantifiable, the non-economic impacts of energy in general and of light in particular cannot be 

overemphasized.  In the Zambian ESCO case, children spent more time reading and studying using 

the PV light as it was caused less strain on the eyes than kerosene.  The light also provided for the 

possibility of night classes after farming work had been completed.  One of the Enersol programs, 

Edusol, uses solar PV systems to provide access to computers in rural schools.  The program began 

in 2000 and by 2003, sixteen projects had been implemented.  Edusol partners with educational 

institutes wherever possible due to their relative inexperience with best educational best (Enersol is 

an energy provider and not an education provider).    

The conclusions that we can draw from the cases recounted in this section are that solar light 

is beneficial on a societal and economical level, there is a market for these systems, villagers can be 

trained in the maintenance and use of the systems, and that with appropriate financing mechanisms 

these systems can be financially sustainable.  Important considerations for implementation are that 

training regarding the upkeep of these solutions should ideally be provided by local technicians, both 

in order to increase the economic benefits of the light and to ensure timely repair, and that the 

systems selected must serve the immediate and identified needs of the people being served.   
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VI. Bhudapada Village 

In order to develop a scalable business model for BISWA, a model village was chosen so that 

we could understand the specific energy needs and preferences of the potential light consumers.  Our 

team visited three villages with varying home structures, accessibility, and levels of wealth to 

understand the different levels of development.  Bhudapada Village was selected for this project for 

several reasons including the village’s lack of electricity (need), good accessibility from the main road, 

and most importantly, its strong working relationship with BISWA.  Bhudapada will serve as a worst-

case scenario for BISWA.  Lessons learned from this case study directly informed the creation of a 

business plan for BISWA to scale out across its 14,590 SHGs.  

Bhudapada is a small, rural village located in central Orissa.  One hundred and fifty residents, 

comprising forty households, live within its borders (as of 2007).  The village was established 

approximately twelve years ago by migrant travelers.28  Sambalpur, the nearest large city, is nearly 

twenty-seven kilometers away.  It takes BISWA employees forty-five minutes to reach Bhudapada 

from Sambalpur by car.  The most difficult stretch is driving the last seven kilometers through the rural 

landscape on a dirt road that was built in 2006 and is already in need of repair.  See Figure 1 for a 

map of Orissa and the location of Sambalpur.   

Figure 1: Map of Orissa. 

 

History 
People originally came to this village for economic opportunity and an isolated setting.  In the 

early 1990s, the primary source of income was the production and selling of rice beer, an illegal 

 

Sambalpur 

 

 

 

14



  

business in Orissa.29   Rice beer provided the villagers with a livelihood, but manufacturing an 

addictiv

rs.  

This lac

s 

uccess

 team visited Bhudapada Village in May of 2007.  During this visit we conducted 

an extensive survey as well as facilitated a participatory mapping exercise to learn more about the 

om the villagers’ perspective ( 

sues by showing the location of two fatal animal attacks.  

Through

oted by the green and pink squares.  Season Channel, a 

governm nal, is located on the west side of the village.  It provides water for basic needs 

e product such as alcohol can have negative side effects.   Some of the people living in 

Bhudapada were experiencing domestic abuse and alcohol addiction.30  In addition, the villagers 

admittedly drank the rice beer to suppress hunger cravings.  This anti-hunger tactic was also used on 

children.  The rice beer industry is a difficult industry and the strain of intense competition in the 

market also pitted villagers against one another as families were constantly struggling to survive.   

As members of the Bhudapada community, villagers have the opportunity to collaborate for 

resources.  However, this was difficult because many of the villagers speak different dialects of Oriya.  

Our research found evidence of collaboration between families, but not separate village membe

k of social cohesion is further reflected in the positioning of homes, which are separated into 

clusters.  BISWA has been working to eradicate rice beer from Bhudapada and help the villagers 

develop a sense of community.   The organization has built strong working relationships with many of 

the villagers and continues to help the village today.  This trust BISWA has established has enabled 

the organization to understand the Bhudapadans’ problems and work toward solutions.  Identifying a 

sustainable lighting solution for Bhudapada (and other villages in India) is one of BISWA’s many 

important projects.  It falls within BISWA’s Basic Needs Program that is part of its development arm. 
 The Basic Needs Program, which focuses on development, especially of women, is currently 

successful in thirty-two villages, including Bhudapada.  Building strong working relationships takes an 

immense amount of time and effort.  BISWA’s role as a partner and liaison was critical to our project’

s .  BISWA has worked with Bhudapada Village since 1994 and during the survey process 

villagers were open and willing to answer questions freely because our research team was 

associated with BISWA.  This was critical in obtaining fair and objective data as well as overcoming 

cultural barriers. 

Geography 
Our research

community fr

Figure 2).  The mapping activity involved local women in the development of a visual 

representation of their homes, food growing plots, struggles, and opportunities.  For example, the 

women were able to communicate safety is

 this exercise the research team was able to learn about the village from the perspective of 

the people who live there.  It should also be noted that this exercise fostered trust building between 

the research team and the villagers. 

As shown in  

Figure 2, Bhudapadan homes are surrounded by rice paddy fields.  These crops are in the 

middle of the village and are den

ent-owned ca
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such as bathing and cleaning, however villagers are only permitted to withdraw water by manual 

methods.  There is one school for all seventy children (under age of fourteen).  It is located in the 

center of the village.  There are four water wells denoted in dark blue.  The nearby forest provides 

vegetation for home structures, cooking, and handicrafts.  However, being near the jungle also has 

disadvantages as wild animals enter the village and jeopardize the safety of its people.  The two red 

crosses represent locations where people were killed by animals, one by an elephant and another by 

a snake attack.  The village is one kilometer in length and approximately two kilometers in width.31  

Figure 2: Map of Bhudapada Village created with villagers (2007). 

 

uctures 
Village homes are sparse and clustered in groups of three or four.  The two furthest houses 

Housing Str

are one kilometer apart.  Dirt roads are available for vehicle transport through the village, though only 

a few households have bicycles.  Figure 3 shows an example of three homes grouped together.  

They face inward, creating a central space in the middle.  This is the typical home configuration in 
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Bhudapada.  The average household has two rooms and houses five people.  Extended families 

often liv

The land in the ing the villagers with limited resources for 

building their homes.  Homes are supplies such as straw, mud, cow dung, 

bamboo, and sometimes brick.  Th he house are generally made with woven straw or 

bamboo.  Very poor families have straw or stick walls while wealthier families may have mud and 

dung walls and only wealthy families can build their homes with brick.  The walls do not seal at the 

wall int

ariety of topics including demographics, income, cooking 

practices, and energy sources used for light.  The team interviewed women of the household because 

they were most aware of the challenges facing their families.36  In some cases, we were also able to 

e close to one another.  Bhudapada has one SHG with two successful businesses: a soap-

making unit and general store.  The general store is located inside one home.  Homes are sometimes 

used for business purposes as this saves building costs and offers additional protection of goods 

because the business/home-owner can protect inventory at night.     

 

Figure 3: Traditional home in Bhudapada. 

 
 village is a

Woman spreading 
mixture of mud and 
cow dung 

rid and dusty, provid

made with available 

e walls of t

ersections and this not only weakens the structure of the home, but also fails to provide 

adequate protection against small, wild animals entering the premises.  In addition, the materials 

used are flammable.  The villagers use kerosene for cooking and lighting and improper use and 

spillage of this fuel can cause burns and fires.32  The roofs are made with grain and rarely withstand 

the monsoon season.  The villagers often have to rebuild and improve the structural capability of their 

homes, a timely and costly endeavor.33   

Village Survey34

A survey was administered to thirty-three households in the village (83% of the village’s total 

households) to understand the village’s needs, preferences, constraints, and opportunities regarding 

energy. 35   The questions covered a v
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speak with the men of the household as well.  The survey was conducted by two teams over a series 

of five d

Figure 5: Typi

 

urvey results show the village to be very diverse.  Households differ by family structure, 

income urce, and income amount.  Figure 5 shows a typical Bhudapada family during an interview.  

In this p , a mother sits on her front step holding her baby, while her second child sits behind her 

with the grandmother.  The other two children in the picture are neighborhood children.  Most 

househ consist of two adults and two children (see Figure 6). The average age of an adult in 

ays.  Each team had two students (one male and one female) and a BISWA interpreter.   

Figure 4 shows a member of the team interviewing (with an interpreter) a woman while many 

of the villagers watch and listen.  
 
Figure 4: Team conducting survey interviews. 

 

cal Bhudapadan Family. 
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Bhudap da is forty-five years.  None of the adults can read or write beyond signing their own name.  

Most of

a

 the children are attending the village school and learning the local dialect of Oriya.  School 

age children can read and write basic words in Oriya.  However, they cannot read, speak, or write 

Hindi or English, both of which are more widely used languages in India.  With our limited knowledge 

on their educational benchmarks, it was difficult to gauge their true level of literacy. 

Figure 6: Households with the same number of adults and children. 

 

adan household incomes vary widely by amount earned and occupati

y, most without a steady source of income.  Irregular pay makes it very

emergencies.  In addition, their options for loans were few and far bet

rking with the villagers, the people of Bhudapada borrowed mo

edical emergencies at extremely high interest rates.  This lending p

 

Bhudap on.  Families 

live day to da  difficult to save 

and plan for ween.  Before 

BISWA started wo ney from private 

money lenders for m ractice further 

xacerbated many Bhudapadans’ desperate economic situations.  In Bhudapada, incomes range 

from Rs

 collecting leaves 

for the bidi cigarette industry.  These activities are sporadic and often seasonal.  No combination of 

e

.110 to Rs.4800 (USD$2.75 to $120) per month.  The majority 36% (12 households) earn 

between Rs.500 and Rs.1,000 (USD$12.50 to $25) per month.  The average income is Rs. 1200 

(USD $30) per month.  Bhudapadans’ income per capita is Rs. 436 (USD$10.90) per month.  See 

Figure 7 for additional details regarding monthly household incomes in Bhudapada. 

Figure 8 shows the various sources of income.  The primary income source for people living 

in Bhudapada is agriculture labor.  Seventy-three percent of the villagers rely on some form of labor 

to survive.  While agricultural labor pays roughly Rs. 40 (USD$1) per day, it does not provide 

consistent work.37  Regardless, the people of Bhudapada made it clear that agricultural labor was 

their first choice for work when they can get it.  Their non-labor time is supplemented with other 

income-generating activities such as making leaf plates, weaving bamboo mats, and
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any of the aforementioned income sources results in a steady livelihood for the Bhudapada villagers, 

making it difficult for them to budget and plan for their needs. 

Figure 7: Monthly household income. 

 

ary income sources for villagers of Bhudapada. Figure 8: Prim

 
   

Kerosene for Light 
Kerosene plays a critical role for villages like Bhudapada that are not connected to the 

electricity grid.  It is the primary fuel source for lighting and the secondary source for cooking.  
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Kerosene ed rate by the 

government.  covered 

metal cans s cost 

roughly Rs. 45 holds on 

average hav ed lights.  

One family in y moved 

to Bhudapad  from the 

government.39  

The average  to fuel their 

lanterns and

members we r month.  

Total kerosene co st of Rs. 12 

(USD$0.30

(depending on con

energy need s allow 

for approximately twenty-five hours of light per month.  Not only is this an insufficient duration of light 

at they would like four hours of light each evening, or one hundred and twenty 

hours o

.  

 is the most affordable fuel source available because it is offered at a subsidiz

Bhudapada villagers use kerosene to make diwas (small lights made with re

 or glass bottles, kerosene, and a wick inserted through a hole in the top).  Diwa

 per unit.38  Figure 9 shows photos of a kerosene lantern and a diwa.  House

e 1.6 diwas and 0.9 kerosene lanterns.  Only two families have battery-operat

 the village had a solar electricity system that they brought with them when the

a from another state.  This system was purchased at a subsidized rate

No solar system subsidy is currently offered for people living in Orissa.   

 household spends Rs. 50 (USD$1.25) per month on kerosene

 diwas. This represents 4% of the average monthly household income.  The village 

 surveyed purchase a total of one hundred and thirty-one liters of kerosene pe

sts equal Rs.1,633 (USD$40.83) per month, resulting in an average co

) per liter of kerosene.  Each liter of kerosene generally provides light for six days 

sumption habits).  A government ration of four liters will supply the average family’s 

s for twenty-four days per month.  Using four liters of kerosene monthly, the diwa

(villagers indicated th

f light per month), but also the quality of the light is inadequate for conducting most activities. 

Figure 9: Kerosene lantern and diwa candle. 

 
While the Indian government’s kerosene subsidy program is designed to help provide fuel to 

the poor, it is not always effective due to factors such as eligibility, accessibility, and affordability.  

Families must own a ration card to be eligible for the subsidy.  Ninety percent of Bhudapada residents 

have successfully received a ration card.  However, these villagers still may need to buy extra 

kerosene on the open market.  This is sold for almost twice the price of subsidized kerosene
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Challenges with kerosene do not stop with obtaining a ration card.  Families with ration cards travel 

by foot an average one hour to obtain kerosene from a government distribution center.  Time lost 

traveling could be used for various income-generating activities.  Furthermore, the distribution center 

does not always have an adequate supply of kerosene.  In addition, the government can change 

quotas without informing the local people.  As a result, families may suddenly find out they can only 

obtain three liters of kerosene or none at all.   

Opportunities 
The villagers of Bhudapada, like many rural people in India, try to complete all their work 

during the daylight hours.  It is difficult to safely conduct activities at night with the kerosene diwas 

and lanterns.  Regardless, people try to use kerosene at night for various activities such as light for 

cooking, housework, and protection.  The low level of light provided by kerosene can make these 

everyday activities dangerous and sometimes fatal.  Parent expressed concern that their children 

could fall asleep o  a diwa candle and burn their face.  Kerosene lanterns can get knocked over, 

spilling 

p reduce the number of health problems (illness 

and injury) and the resulting costly medical care and lost wages.  Villagers indicated snakes and 

r their homes at night, resulting in possible disease and death.  The second most 

common

outside, in the dark.  Even the light of a kerosene diwa/lantern is 

not enough to provide a satisfactory view of their nearby environment.  Villagers also indicated 

s 

n

kerosene fuel and igniting the straw house.  Villagers also expressed concern that they may 

injure themselves or be bitten by a snake when trying to walk at night by the light of the kerosene 

lamp.  The conclusion of the research team and villagers is that Bhudapada is in need of a lighting 

solution to replace kerosene.    

Bhudapadans have many ideas for how they would use a strong and reliable light source.  

The main ideas include safety, education, income generation, mobility, and comfort. 

            shows the percentage of villagers that mentioned various opportunities for light during 

the survey.  It is important to note that some of the villagers mentioned one item more than twice and 

therefore the total does not equal 100%.  Safety was the greatest opportunity that villagers saw with 

an improved light source.  Villagers wanted to be aware of intruders (animal or human) that could 

pose a threat to their families.  Indirectly, light can hel

mosquitoes ente

 desired application of light described by villagers was that of increased educational 

opportunities.  Parents felt that proper reading light would allow their children to study in the evenings 

safely and effectively.  Education is an important predicator of development and prosperity in a 

village. 

Increased time to work was another activity described by villagers as something that they 

would like to do at night.  Specifically, they mentioned handicraft production such as sewing leaf 

plates and making bamboo cots.  These activities can provide additional income and improve their 

economic situation.   

Seventeen percent of the villagers indicated mobility as an opportunity.  It is difficult to move 

around the house, both inside and 
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interest

the need for light 

at nigh

 in moving between homes to visit friends and family.  In addition to mobility, comfort was 

identified as a need or opportunity by 14% of the villagers.  Some women discussed 

t to comfort a sick child and several villagers said that light made them feel safe and 

comfortable.    

Figure 10: Opportunities for light as identified by villagers. 

 
            

Bhudapada village is in strong need of a lighting solution that is reliable and of good quality.  

Although kerosene is offered at a reduced cost through government subsidies, the light it provides is 

inadequate and poses a safety threat to the villagers and their environment.  Several technologies 

were researched that could address the villager’s energy needs and preferences.  A criteria matrix 

mendation.  In addition, a financial 

rgy costs with the estimated costs of the 

recommended alternative.  This helped us identify solutions that incorporated the villagers’ financial 

constraints and provide guidance on which technologies they could afford.  Finally, a business model 

was developed describing how BISWA might implement these recommendations in their remaining 

villages across India.  

 

 

 

 

 

 

 

was used to qualitatively evaluate the products and make a recom

model was constructed to compare the villagers’ current ene
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VII. Technology

Recognizin rresponding 

development issues V power 

to serve as the prima d applied a 

framew  choice of solar PV 

systems.  The se entation in 

Bhudapada. 

Technology Choice 
h increasingly 

complicate  directly from 

a lower rung etween 

them.   

In the field of lighting technologies, leapfrogging up the energy ladder occurs when a user 

moves 

er.

Reliance on Biomass   Transition Fuels          
Electricity 

 
 
The International Energy Agency predicts that South Asia will continue to be the region of the 

rsons who lack access to electricity.  As Figure 12 shows, the 

number

   

g the shortcomings of the villagers’ current lighting system, and the co

, our project sponsor requested that we explore the potential for solar P

ry light source.  This section describes how we developed an

ork for evaluating different technologies for lighting and our eventual

ction concludes with an appropriate product recommendation for implem

Figure 11 exhibits the manner in which people traditionally progress throug

d, but efficient, means of energy production.  Leapfrogging takes a consumer

 of the ladder to a higher one without having to adopt the technologies that lie b

directly from a polluting and inefficient means of lighting, such as a kerosene lamp, to a 

cleaner, more efficient lighting solution, such as electric lighting.  Jumping over less efficient 

technologies presents a great advantage because it allows users to avoid the social, economic, and 

environmental pitfalls inherent in intermediate technologies.  For example, Liquid Petroleum Gas 

(LPG) can be difficult to obtain within some markets in India, and when it is available, the costs of 

procurement are high.  Additionally, the burning of LPG inside the house creates the same indoor air 

pollution that is a concern with kerosene usage.  Moving directly to electricity from kerosene allows 

the villagers to avoid the problems associated with LPG. 

Figure 11: Energy ladd 40

Fuel- Charcoal Kerosen LPG Electricit

Increase cost, convenience and reliability. 

world with the highest number of pe

 of people without electricity in this region will continue to grow until 2010.  Infrastructure will 

gradually deliver electricity to un-electrified regions, but progress will be slow.  Additionally, the 

transition to electricity will follow the traditional trajectory exemplified in the energy ladder and years 

will pass as villagers employ dirtier and less efficient means of lighting.  Our proposal will help 
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villagers in Bhudapada avoid this long wait for electricity and enable them to move quickly beyond 

less desirable lighting solutions such as LPG.  

people (actual and projected) without electricity, 1970-2030 by region.41Figure 12: Number of 

 
 
Solar photovoltaic (SPV) technologies present an opportunity both to provide high quality light 

for an appropriate length of time and to enable villagers to move quickly to a clean and reliable source 

nited Nations Millennium 

 Goals recognize the potential for solar energy to achieve the UN’s myriad goals aimed 

at rai  standard of living for those living on less than two dollars a day, stating that “PV is clean 

and can be scaled down atts, and al for house sumption.” ited 

Nations Development Program (UNDP) further recognizes electrical illumination as critical for 

achieving poverty a vironmental sustainability. 43   

Finally, a survey of academics, policy makers, industrialists, and scientists revealed that they believ  

solar PV

g countries.  Energy production represents one of the 

work at 

Another consequence of adopting solar PV technology is the reduction in the amount of 

atmospheric pollution created within rural villages.  In Bhudapada alone, the use of solar PV lighting 

of energy, bypassing th e energy technologies.  Th U

Development

e intermediat e 

sing the
42  The Un to a few w is thus ide hold con

nd hunger eradication, gender equality, and en

e

 to be the best solution for pure illumination in remote villages in India.44

The desire of the world’s poor to improve their lives also plays a significant role in global 

climate change.  As the world’s poor continue to grow wealthier, they tend to use the same non-

renewable, non-sustainable, and carbon-intensive models as the developed world.  Working with the 

poor to develop models based on renewable energy technologies can help break the cycle of carbon-

intensive development.  It will not be enough for developed countries to merely cut down on their 

carbon emissions as there are greater gains to be realized by leapfrogging inefficient technologies 

and implementing sustainable ones in developin

largest areas of opportunity for this sort of improvement and is central to this project as we 

the BoP, helping communities achieve their desire for development in a sustainable manner. 
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would allow h ng CO2, NOx, 

and particulat  for the entire village 

if Bhudapadan

Table 2: Am

ouseholds to discontinue the use of kerosene for light, significantly reduci

es.  Table 2 shows the annual avoided pollution per household and

s stopped using kerosene altogether.  

ount of pollutants avoided by discontinuing kerosene consumption. 

 
Table 2 demonstrates the significant environmental benefits achieved by using SPV 

technologies instead of kerosene, the current fuel used for lighting.  The quantity of avoided pollutants 

is largely unchanged for LPG also since LPG emits about 85% of the CO2 emitted by kerosene per 

unit of power created,45 and about 75% of the NOx that kerosene creates per volume consumed.46  

Thus, leap-frogging will not only decrease the villagers’ environmental impact with respect to their 

current activities, but it will also allow them to avoid future impact with fuels that are further along the 

energy ladder than they currently are. 

Although SPV has a higher initial cost than some other electric generation technologies such 

as diesel generators, the ongoing costs of SPV systems are lower due to the fact that the user does 

continuously buy more fuel.  Once a SPV system is in place, the ongoing cost for 

maintenance is similar to that of diesel generators, and the same cost pattern pertains to the

replacement of electrical system components including wires and light bulbs.  The largest difference 

between diesel generators and SPV is that the SPV requires a battery.  Therefore the lifetime of the 

battery is a critical component in a system’s lifetime costs.  Nonetheless, SPVs are superior to other 

distributed generation options because of their accessibility, low environmental impact, and low 

ongoing costs, all of which made SPVs an extremely reasonable point of focus for the project.

not have to 

 

re recounted in the Case Studies section of this 

47  A 

rigorous evaluation framework was needed to codify the relative merits of different technology 

options. 

Framework for Evaluating Technology 
The criteria by which we evaluated technology were developed through a multi-pronged 

approach.  First, we reviewed several other cases in which SPV technology was introduced in similar 

settings within developing countries.  These cases a
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paper.  We also conducted informal interviews with several individuals involved in deploying SPV 

technology throughout the developing world including: Phil LaRocco, the founder and Executive 

Directo tries; Dr. 

s to optimize 

officials withi

conver ch are 

detailed in th sight into 

some ral village 

electrifi tify seven 

essential 

social a

rs, inverters, or lamps and light bulbs that might be 

required

for this parameter is lumens per hour.  A lumen, a metric unit, is a measurement of the 

source.  Lumens are typically used to ascertain 

r of E+Co, a company that finances distributed generation projects in developing coun

Peter Lilienthal, the developer of the HOMER model, which enables common user

distributed power generation systems; Harish Hande, founder of SELCO India, a SPV provider; and 

n Orissa’s Renewable Energy Development Administration.  We also had extensive 

sations with villagers and our project sponsor regarding the villagers’ needs, all of whi

e Bhudapada Village section of this paper.  All of these resources provided in

clear trends within the common elements of success and failure when undertaking ru

cation projects in developing countries.  Ultimately, their guidance helped us to iden

criteria for evaluating SPV products: capital cost, ongoing cost, productivity, mobility, safety, 

cceptance, and the potential for year-round use.  These criteria were then presented to our 

client who provided an informed perspective on how much weight each criteria should carry when 

considering the optimality of different products. 

Capital Costs 

Capital costs include all the initial costs of purchasing and setting up a solar PV unit. This 

included the batteries, wires, charge controlle

 to create a working system. 

Ongoing Costs 

Ongoing costs are a measure of any costs associated with the maintenance or usage of the 

SPV unit. These costs include any parts and any labor costs required to keep a system operational. 

In some cases, the money transacted for these costs remain within the village as in the case of 

employing a local technician to maintain a system, but in other cases, the money will leave the village 

entirely as in the case when a battery must be purchased from a nearby city market. 

Productivity 

Productivity is essentially the amount of light that a given product can emit. The unit of 

measure 

amount and intensity of light produced from a given 

the level of usable light emitted, and by using this unit of measurement, we were able to assess the 

amount of light that various technologies make available for usage.  This measurement was important 

because the amount of lumens produced determines how that lighting can be used.  The Lighting 

Research Center, based at the Rensselaer Polytechnic Institute in Troy, New York, recommends that 

activities such as writing require 720 lumens.48  Writing is analogous to much of the handcraft-type 

work villagers indicated they would perform with light in the evenings.  Therefore, we adopted 720 

lumens as a benchmark for how many required lumens would be required per villager activity.  Thus, 
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knowing the number of lumens a system will emit and the number of hours the light produced can last 

allowed us to determine the number of people who could benefit from the product and the amount of 

time each of those people would have to enjoy that benefit. 

Mobility  

This parameter is a binary measurement: either a product allows the user to move around 

with the light or it does not. On a more refined level, we considered the degree of ease by which a 

villager could move around, and also accounted for the effectiveness of lighting when on the move.  

Some lights have greater “productivity,” and therefore, will be better designed for certain mobile 

applications.  For example, a light that can shine further will better allow villagers to see snakes in 

their homes and elephants in their fields, two of the more prevalent concerns expressed by the 

 they felt unsafe moving through their village at night without 

light. They also wished to have light within their home to be able to see snakes and other potentially 

als. When considering different solar lighting technologies, we evaluated each 

technolo

ology.  Ease of 

adoption is facilitated by the relative familiarity of the lighting technologies as well as by the presence 

gies in the village already.  If technologies are simple and familiar, villagers are 

more lik

ental setup and usability within categories 

did not exhibit significant differences. However, in a comparison between categories, there were 

villagers. 

Safety 

Many villagers indicated that

dangerous anim

gy’s capabilities both to allow free and safe movement around the village and to enable the 

villagers to feel safe within their homes. 

Social Acceptance 

This criterion is evaluated on the expected ease of adoption for each techn

of similar technolo

ely to adopt them earlier, which will shorten the pilot project period at the same time that it 

quickens the successful roll-out of the program village-wide. 

Year-Round Use 

Year-round use is dependent upon the ability of the technology to be used multiple days 

between charging.  It is also influenced by the extent to which the technology can be adapted to run 

from alternate power sources during the monsoon period when solar irradiance is lower. The 

alternate source could simply be a replacement of one of the inputs, such as rechargeable batteries, 

with a nonrenewable input such as, single-use batteries. 

Solar Photovoltaic Technology 

SPV lighting systems can be divided into two broad categories: SHS and solar lanterns.  After 

a review of many of the products on the market, the fundam
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relative advantages and disadvantages which will become apparent in the following category 

overview

nts for appliances other than light bulbs.  If the system is to be upgraded in order to power 

other items such as a fan or a television, a converter (DC-to-AC) may be required for an SHS.  Some 

 sold as kits while others must be constructed by the user after he or she has purchased the 

PV mod

eventually buying fans, televisions, and other electronic 

appliances, and an SHS could provide the electricity for these additional items. 

Figure 1 49

s.  

Solar Home Systems 

SHS are comprised of a SPV module which is connected to a battery via a charge controller 

unit (see Figure 13: Solar home system schematic.  The battery can then be connected to an 

assortment of appliances.  As this project is focused on lighting, we did not consider system 

requireme

SHS are

ule, charge controller, battery, and lighting system separately.  Given that the villagers of 

Bhudapada have little access to global markets for these SHS components and have limited 

transportation capabilities as well as technical experience, our project focused on examining SHS 

kits.  The greatest advantage of an SHS is the user’s ability to expand the usage of the system.  

Many villagers expressed interest in 

3: Solar home system schematic.

 

Solar Lantern

The other category of SPV lighting sol

s 

utions is the solar lantern, as shown in Figure 14.  

These products are compact versions of the SHS outlined above, with the solar cells, battery, and 

light integrated into a single unit. The comparatively small size of solar lanterns confers advantages 
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and disadvantages.  An advantage is the portability typically featured in solar lantern products. Their 

portability is advantageous but it also does not preclude the usage of these lanterns in stationary 

situations.  Many can produce sufficient lumens for writing.  However, the only way to scale up the 

amount of light provided is to buy more lanterns. Additionally, due to the relatively smaller PV module 

and battery size, solar lanterns do not hold the same amount of lighting potential between recharges 

as an SHS would.  Thus, they will require more frequent charging and a greater frequency of sunny 

days.  

Figure 14: An example of a solar lantern with integrated solar panels.50

 

 Chargers  

A third option we explored involved a less traditional method of converting solar energy into

light than the SHS or solar lanterns. This option entails charging small batteries (AA, C, or D

rger and using these batteries in appliances or lighting systems which are readily a

hout India’s commercial market.  The greatest advantages that this solution provides 

low capital cost and the familiar nature and commercial availability of all of the componen

ercially available lighting system.  It is also adaptable in that the batteries can be 

compatible appliance such as a radio or small fan.  At its most basic configuration, this

s the purchase of three components: a solar battery charger, rechargeable batteries

flash light or other lighting system that will use the batteries to produce light (see Figure 15 for an 

Solar Battery

 

) via a 

solar cha vailable 

throug are the 

ts of a 

comm used in any 

other  option 

require , and a 

lar charger).  The drawbacks of this option are similar to those of the solar lanterns.  

The exp

example of a so

ected duration of light will be slightly lower than that of an SHS due to the smaller-sized 

batteries used and the future adaptability of this system for larger power applications is limited.  
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chargeable batteries.51Figure 15 : An example of a solar battery charger with accompanying re

 

Comparison of Options 
After researching a number of particular products within each technology option category and 

gaining a deeper understanding of the strengths and weaknesses of the product options, the team 

evaluated each technology category relative to the other categories. These comparisons were made 

for all criteria discussed previously which the team identified via research and conversations with 

villagers as well as experts in the field. The following graphs in Figure 16 reveal how each of the SPV 

technology options fare with respect to each other. The intensity or height of each bar was 

determined by a general understanding developed through the team’s research and evaluation of 

each SPV technology option. A higher set of tiles indicates a relative desirability of that technology for 

the corr sponding criteria. When comparing across technologies, the technology with more tiles will 

be the eferred option for that criteria, and a technology option with more tiles on average for each 

criteria will be the overall most attractive for application in Bhudapada.  

e

pr
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Figure 16: Comparison of solar options. 

 

 due to its inability to be used 

to incre ght production easily without simply adding additional solar lanterns which would double 

or triple the “Capital Cost” of the option. The Solar Lantern option is also not capable of being used 

year-round easily because of its storage capacity and inability to utilize other sources of power beside 

arger option as the product leader given its ability to be used 

year-round and adapted to any of a variety of productive endeavors. Using the batteries in a flashlight 

or other mobile source of light also serves to address many villagers’ primary concern, safety. 

 

The comparisons in Figure 16 show that the SHS is superior in the Productivity category 

given its ability to power high output lighting solutions as well as its adaptability to be put to use 

powering other production enhancing appliances. However, this system does not fair as well under 

the other criteria.  The solar lantern is the best option with respect to Capital Cost and Ongoing Costs 

because of its low component costs, but it does not have an extreme “Capital Cost” advantage and is 

not as capable as the Solar Battery Charger at increasing productivity,

ase li

the sun. This leaves the Solar Battery Ch
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must create the opportunity for villagers to generate additional revenues through its use.  The ability 

to increase income will not only allow more villagers to adopt the technology, but it will also increase 

the quality of life across the village beyond the mere addition of light to villagers’ lives.  With this in 

mind, the initial purchase price of a solar battery charger and accompanying lighting technology will 

not be cost prohibitive and the enhanced productivity possible using this option makes it more 

attractive than the solar lantern.  Additionally, a criterion that is not measured above, but is important 

considering our recommended staged implementation, is the ability of solar battery chargers to be 

applied to multiple applications around the village.  The solar battery charger is the most capable 

option for allowing a differentiated product offering, which will satisfy a wider spectrum of the villagers’ 

needs that they expresse

Additionally, since each component of the Solar Battery Charger option can be purchased separately 

and do not require intensive maintenance, this option is more attractive with respect to “Ongoing 

Costs.” 

 

Technology Recommendation 
We recommend the solar battery charger technology in combination with a battery operating 

lighting solution as the ideal product for Bhudapada Village given that it balances capital cost with 

productivity and mobility requirements.  This option allows for adaptability and scalability, and the 

components of this system are available at appropriate prices given the Bhudapada villagers’ 

financial situation.  The components of this system are as follows: (a) solar battery charger, (b) 

batteries, and (c) lighting solution. 

Wide spread adoption of solar lighting technologies is the ultimate goal for our project and 

because villagers’ finances are severely restricted, we believe that the solar technology employed 

d during our site visit. 

In order to anticipate future demand growth, we took scalability and adaptability into 

consideration when evaluating the technologies.  The Bhudapada villagers revealed a desire for 

flexibility that has been demonstrated in other case studies, including those highlighted in previous 

sections.  The villagers wanted to be able to use fans for comfort and health (they help keep disease-

carrying mosquitoes away at night) and televisions and radios for entertainment and keeping abreast 

of the outside world, as their income would allow.  The solar battery recharging option allows for 

scalability to small appliances such as battery operated fans and radios.  Even though the SHS 

provides the best option for scaling the system, it was not found to be a viable option due to the high 

capital costs and lack of mobility, both of which were qualities that many villagers indicated as being 

very important.  



  

Solar Battery Charger 
The solar battery charger should include high SPV efficiency matched with the ability of the 

product to charge multiple types of batteries.  The purchase price will also be important, but since the 

wner will be enjoying significant economies of scale under our implementation recommendations, 

 concern for this component of the system.  It is also necessary to 

ensure 

AAA, C, and D type batteries (Figure 15).  The lighting technology 

employs

1 (August) kWh/m2/day because both those months 

also con

, and (4) high recharge efficiency.  Given that battery technologies are widely 

 this selection should be made by the MFI (in this case BISWA) since they 

will hav

charge/recharge cycles, which is the industry standard. 

o

capital cost is somewhat less of a

that the charger will not allow discharge of the batteries in the absence of sunlight, but will 

also help the user avoid overcharging the batteries, simplifying its use and maximizing the lifetime of 

the batteries it charges.  

With this mind, we chose a solar battery charger that could charge a variety of battery types 

in the event that the villagers purchase other technologies that employ different battery sizes.  The 

charger we chose can charge AA, 

 AA batteries, but as villagers purchase radios, fans, and other electronic devices that 

necessitate different battery types, the microenterprise will be able to buy rechargeable batteries to 

serve the expanding villager needs.  The charger also has a meter that allows the microenterprise to 

assess the amount of electricity reaching the batteries and the estimated number of hours until the 

batteries will be charged. This not only allows the user to get immediate feedback on how well the 

unit is positioned with respect to solar rays, but it also enables the user to use the system optimally by 

not leaving batteries in the charger past the time when they are fully charged. The only slight 

downside to the charger we selected is its capacity.  The charger can recharge only two batteries at a 

time, which is a slight impediment to getting enough batteries charged per day.  Fortunately, the 

Sambalpur area receives ample solar radiation for a long enough period of time to recharge roughly 6 

batteries per unit per day.52  This holds true in the monsoon season when average solar insulation 

reaches its lowest levels of 3.89 (July) and 3.8

tain some of the longest daylight hours throughout the year with 13.2 in July and 12.75 in 

August.53  

A sample of the charger was purchased via an online distributor for $19.95 and after informal 

testing, we found the product claims to be accurate.  At one point, the charger was left out in a slight 

rainfall, but the plastic casing did not allow any water to penetrate into the electronics it contained.  

The unit continued to work after this event as well as it had previously. 

Rechargeable Batteries 
Batteries require four attributes to be balanced: (1) low purchase price, (2) long product 

lifetime, (3) long in-use period (i.e. the battery will last for an extended period when being used in the 

lighting solution)

diffused, we believe that

e immediate knowledge of the product portfolio available in the area surrounding Bhudapada. 

In our modeling, we assume that a rechargeable battery will cost USD$2 and will last 500 
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Rechargeable batteries are a necessity when employed in household SPV technology, 

particularly for illumination purposes.  This is because the hours during which the electricity is needed 

do not coincide with the hours during which the SPV unit is producing electricity.  Quite simply, 

electricity for illumination is used at night and solar PV technology requires daylight.  Thus, a battery 

is an integral part of any SPV system that the Bhudapadan villagers might use.  

s, the measured autonomy is greater, and in other cases, it is less.56   

tivities into the evening hours.  

Since rechargeable batteries have relatively little power availability (compared to the 12V car battery 

 efficiency of the lighting solution is of paramount concern.  Light emitting 

diode (L

LED product we recommend from an online 

distribu

When locating the appropriate battery for this type of application, one needs to consider two 

battery traits: how many ampere-hours the battery will provide and how much autonomy it will 

provide.  Autonomy, with respect to the batteries of solar PV systems, is the amount of cloudy days a 

battery can still provide energy for.  In other words, autonomy is a measure of how long a battery can 

discharge and provide power before needing to be recharged. The autonomy is determined by first 

deciding how long a battery will be used for daily.  Next, one should determine the duration of usage 

between charging a particular battery can provide.  The final step is to match that battery which can 

provide the usage necessary to ensure the desired autonomy.  For example, if a person will use a 

battery for three hours every day and wishes to be able to use that battery for four days between 

charging, the appropriate battery will need to have a capacity for twelve hours of usage (3 hours X 4 

days). Twelve hours of usage will provide the person four days of autonomy. 

Several tests have revealed that the optimal autonomy is about five days.54  This will allow 

the villagers to light their houses for five days before needing to recharge their batteries, and the 

longer periods between full discharge, are essential for extending the lifetime of the battery.55  A 

battery’s nominal autonomy is typically higher than its measured autonomy in the field, so it is also 

important to understand the experience others have had with a particular battery manufacturer.  In 

some case

Lighting Solution 
The first lighting solution we recommend is one that is stationary and allows the SHG, who 

will be the pilot project participants, to extend its revenue-generating ac

employed in the SHS), the

ED) lights are unparalleled in their ability to convert power to light with a typical LED providing 

roughly sixty lumens per watt.  Competitively priced incandescent bulbs, on the other hand, average 

only fifteen lumens per watt.  Since LED’s can provide four times more light than incandescent and 

are available at nearly the same prices, we recommend that all lighting solutions employ LED lighting.  

An LED lamp with sufficient luminosity to work under will allow the SHG to work at night and will help 

prove the concept for in-house overhead lighting.  

As with the battery charger, we purchased the 

tor for USD$7.95 (Figure 17).  We conducted informal testing in order to verify the 

manufacturer’s claims and gain a better sense of activities that would be capable under such a light.  

The recommended lamp has twenty-four LEDs and employs four AA batteries.  It produces light 
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sufficient for writing and possibly even more detailed work from five feet away from the source.  Thus, 

given the recommended lumens for these types of activities by the Illuminating Engineering Society of 

North America, an authority on lighting scenarios, we estimate the lumens produced by this product to 

be in the range of 700-1000.57 The manufacturer claims the light can last for up to 30 hours with four 

fully charged AA batteries. However, our experience with the light revealed that the light’s intensity 

declines significantly after about six hours of usage.  This is due to the LED technology which is 

shown to lose intensity as the power source is drained of energy.  Therefore, in the interest of being 

conservative, we believe the AA batteries will have to be recharged after six hours.  

Table 3: Cost of the recommended light system. 

 
Overall, the initial costs of our lighting solution can be seen in Table 3.  This recommended 

lighting system is available at a significantly lower cost than a SHS and is about the same cost as a 

ver, given the adaptability of our solution to a wider variety of lighting products or 

other el

solar lantern.  Howe

ectronic devices we believe our recommendations to be sound.  Additionally, this system will 

allow for one of the system components to break without having to replace the entire system, which is 

not a common feature of any of the solar lanterns we researched.  Altogether, our recommended 

system will allow for high potential adaptability and productivity. 

Figure 17: LED lamp with 24 LED’s. 
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Elements that Present Challenges to Solar Photovoltaic Project Effectiveness  
There are some issues with the selected technology that must be addressed in 

implementation.  Centralized recharging stations can present problems when dealing with SPV 

technologies.  In this model, villagers bring batteries to a station at different levels of discharge which 

can place strain upon the charger controller and can also have adverse effects on the lifetime of the 

zed station poses a problem as well, and typically 

children take on that responsibility. These troubles were encountered in a centralized recharging 

project in Banglade  recommend careful 

consideration before p ceed with such a 

project, a well-implem

Regardle cation of SPV 

technologies  the system, connect 

components properly,  will last for an 

approp gest that the need for 

education presen oying and servicing SPV 

systems

ancing partner can expect, and the 

financial gains from undertaking an energy micro-enterprise.  The microfinance program, village 

ting financial recommendations for Bhudapada village described 

in this section are limited ysis will allow for a more 

specific consideration of ho ble have been designed, 

providing the insight nece e for Bhudapada, as well as 

other villages in the future. 

Some of the assumptio credit supply is available and 

that the interest rate charge nses, including its own 

cost of borrowing (where sociated with servicing the 

credit.  It is also assumed t hat there is no risk of 

failure which might cause it

Program Design Process 
Because not all rural villag  need to be customized for 

each village to ensure the greatest likelihood of loan repayment and program sustainability.  There 

are three stages to this program design process.  First, a village must be evaluated to understand its 

batteries.  Carrying the batteries to the centrali

sh. 58   The participants and evaluators of that project

roceeding with a project of this nature, and if one is to pro

ented education program will be essential for its success. 

ss of the project type, education is critical for successful appli

in rural settings.  The users must understand how to position

and maintain the battery cycle to insure that the system

riate time.  Instead of viewing this as an impediment to adoption, we sug

ts an excellent opportunity to train local villagers in depl

.  By doing this, the program will promote its own sustainability at the same time that it 

creates local jobs for educators and technicians. 

VIII. Microfinance Program Design 

Successful program implementation involves considerations for financing the capital cost of 

purchasing energy systems, the return on investment that a fin

financial evaluation model, and resul

to the local program level.  This ”bottom-up” anal

w credit programs for making solar lighting availa

ssary to make the best recommendation possibl

ns adopted for this analysis are that a 

d for that credit covers the lending institution’s expe

applicable) and all administrative expenses as

hat the lending organization is financially viable and t

 to prematurely recall loans.59

es are alike, microfinance programs will
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characteristics that are most relevant to microfinance structures.  This will create a village profile that 

includes

 actually available to 

the villa

 fundamental aspects such as population and demographics as well as more financially-

oriented aspects such as the quantity and variability of its population’s revenue flows.60  

This information must then be considered against the various microfinance program features 

available to determine which combination best suits the village’s characteristics, taking into account 

whether group or individual services should be offered.  The combination of these features creates a 

best-case microfinance model for that village’s program.  If the microfinance model includes group (as 

opposed to individual) components, then a methodology for evaluating groups must also be decided 

upon.  

Finally, this ideal “baseline” must be compared with what services are

ge.  For example, if a service that helps villagers manage their savings is recommended but is 

unavailable, an evaluation must be made as to whether it is possible to begin offering that service.  If 

it is not possible for the feature to be provided at a reasonable cost and within a reasonable 

timeframe, a rationalization process must be followed to determine what alternative is available that 

most closely matches the baseline and the benefits that the former feature would have provided. 

Village Evaluation 
There are a number of criteria that can be used to evaluate villages.  Not all of these criteria 

e used in each case, however, awareness of the issue addressed by each will provide 

emselves what the best combination is for both the 

village b

• Population Density: how widely dispersed a population is can be used as a proxy 

hesiveness, with more widely dispersed populations indicating a lower 

need to b

practitioners the opportunity to consider for th

eing evaluated and their own needs, recognizing that the more information required from a 

village being evaluated carries a cost to the evaluator in terms of time collecting and processing the 

information.  This decision also depends on how willing (and able) villages are to provide information, 

the risk being that steep information demands create a potential barrier to participation. 

The following is a list of criteria that can be used to create a risk profile for a village.  The 

information that these criteria provide can then be used to inform the design of a microfinance 

program for that village.61

 

Population 

• Village Population: the number of people in the village can give insight into how 

likely villagers are to know each other well, with larger populations allowing a higher 

degree of anonymity. 

 

for social co

degree of cohesiveness. 
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• Population Age Distribution: age distribution can give insight into how transitory a 

population is, with a high concentration of working-age adults and few children and 

old-age adults suggesting a greater likelihood of transition.  This criterion may also 

earn income. 

se 

that the village is socially divided between the two castes.  Subjective observation 

interviews should be used to provide a more nuanced understanding of this 

nsition. 

 

r the population, however, the weaker this proxy becomes. 

 
Serv e

• 

e and the nearest MFI representative is a proxy for how 

expensive monitoring the village and any clients therein will be (in regards to time, 

give insight into a village's income generating potential, with a higher proportion of 

working-age adults to children and old-age adults suggesting a greater potential for 

income generation.  This is tenuous, however, as different cultures have different 

norms regarding suitable ages for labor.  Less wealthy populations can also be 

expected to have a greater likelihood for employing children and old-age adults to 

 

• Population Caste Distribution: caste distribution can be used as an indicator of 

social cohesiveness.  It is not possible to specify, however, what distribution indicates 

higher cohesiveness, since an even frequency distribution across castes could be 

interpreted as being highly in-cohesive, while a bipolar distribution between two 

castes might be considered statistically more cohesive, although it may be the ca

and 

measure. 

 

• Population Religious Distribution: similar to caste distribution, religious distribution 

can be used as an indicator of social cohesiveness.  However, the difficulties of 

interpreting this metric are the same as for caste distribution. 

 
Village 

• Village Longevity: the number of years that a village has been in existence can give 

insight into how transitory its population is, with greater longevity indicating a lower 

degree of tra

 Number of Surnames in Village: the number of surnames in a village can be used 

as an approximate indicator of how many families there are in the village and so as a 

proxy for social cohesiveness, with more surnames indicating a lower degree of 

cohesiveness.  The large

•

ic s 

Travel Time Between Village and Nearest MFI Representative: the time it takes to 

travel between the villag

 

 

 

39



  

travel costs, etc.), with greater travel time indicating a greater monitoring expense, 

and consequently, a greater risk of default. 

Number of Businesses per Capita: a village's number of businesses per capita can 

be used as an indicator of how transitory its population is, with more businesses per 

capita suggesting a lower degree of transition.  This can also be used as an indicator 

of the stability of a village's income.  While some businesses that sell necessities with 

low demand elasticity (e.g., general stores) will almost always be present, higher 

numbers of b

 

• 

usinesses per capita might indicate a greater number of businesses 

selling non-essential goods and so greater stability in business (and village) revenue 

 

• 

 

• Time to Connection with Electric Grid62: how long villagers expect to 

wait to be connected to the main electricity grid relative to the expected timeframe of 

ed quality of the main 

electricity grid's service, with higher perceived quality increasing the risk of default in 

cases where a grid connection is expected soon. 

 

The crit

longevity, and th ses per capita.  Social cohesion is important in regards to how 

trusting villa ers feel towards each other and, consequently, the level of risk they perceive in regards 

to each oth

the ROSCA an

Overall, Bhuda

exacerbated by r 

Bhudap dans and deliberately choose to live further away from the center of the village.  

Nonethe n surveyed, many villagers indicated a desire for portable lights that would allow 

them to mov sa

social interactio

this project can 

streams. 

Nature and Availability of Other Savings and Financing Options: a village's 

saving and financing options are a proxy for default risk, with more options implying a 

lower cost to borrowers of lost future financing opportunities in the event of default 

and therefore a higher risk of default. 

Expected 

a non-grid electrification project is a predictor of their willingness to completely honor 

those obligations, with longer wait time and shorter project duration predicting a lower 

risk of default.  This measure is influenced by the perceiv

eria that are most relevant for evaluating Bhudapada are population density, village 

e number of busines

g

er.  This can affect villagers’ willingness to share risk, potentially reducing the viability of 

d group lending microfinance models (discussed in more detail subsequently).  

pada’s degree of social cohesion seemed quite low, though it is particularly 

 a small number (2–3) of families from another tribe who are wealthier than othe

a

less, whe

e fely between houses.  Although this will not affect population density, it indicates that 

ns between villagers can be expected to increase.  In this manner, implementation of 

be expected to improve social cohesion. 
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With re

fifteen years aft he area to make and sell rice-beer (now 

stopped as  result of BISWA’s intervention).  As described previously, village longevity can be used 

as an indica  

greater likelihoo

increases the d

opportunities fo

shorter village l

level of investm

likelihood of a 

accommodate “ nd the expense associated with this.  In the case of Bhudapada, although 

e village does have a relatively short lifespan, infrastructure investments have been made (e.g. 

water collec

means entirely. 

Finally, 

“convenience s d basic body care products (shampoo, micro-

sachets, etc.) and the soap-making micro-enterprise.  This is another indicator of how transitory a 

population i

business if the o

can operate wi

village’s income

necessities, est

for their produc

(the village and  stable.  Since income stability is 

portant when evaluating a potential borrower’s default risk, the number of businesses per capita 

can giv

ch, the majority 

of features included as part of microfinance programs are implemented with this objective in mind. 

gards to longevity, Bhudapada has only been in existence for approximately ten to 

er being settled by travelers who came to t

a

tor of how transitory the village’s population is, with a shorter village lifespan suggesting a 

d of mobility.  This is important for two reasons: first, a greater likelihood of mobility 

efault risk associated with making loans, especially to a population with limited 

r “tracking” (via credit card use, cell phone use, social security numbers, etc.).  Thus, 

ongevity indicates a possible need for greater monitoring efforts.  Second, for a given 

ent (whether time, capital, or otherwise) a transitory population decreases the 

microfinance or micro-enterprise program becoming sustainable due to the need to 

turnover” a

th

tion unit, SHG soap-making unit, etc.) that slightly mitigate this factor, though by no 

the number of businesses per capita in Bhudapada is low, with one small 

tore” selling dried goods, candies, an

s, the logic being that a highly mobile population will make little investment in developing a 

wners of that business intend on moving soon or if they do not feel that the business 

thout a stable customer base.  This criterion is also an indicator of how stable a 

 stream is, the expectation being that beyond a small number of stores selling basic 

ablished businesses will be present only when there is a reasonably stable demand 

ts and services, demand that can only be produced if the income for their client base 

, presumably, the surrounding area) is similarly

im

e some additional insight into the degree to which this stability is present.  As already 

mentioned, Bhudapada has only two businesses, one of which is of the “convenience store” variety.  

Given that most of the villagers’ income comes from day-labor (which is inconsistently available), 

Bhudapada village appears extremely risky for a venture such as this. 

Possible Microfinance Program Features 
There is also a variety of features that can be incorporated into a microfinance program.  

While the ultimate objective of a microfinance program is to deliver a product or service with as little 

default as possible, the manner in which this is achieved is through an array of balanced incentives 

(i.e. rewards and penalties) for the client and a timely and accurate flow of information to the MFI 

about its clients and their circumstances.  Overall, this flow of information is most important to 

successful microfinance initiatives, however, it is also very difficult to achieve   As su
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Individual features are described subsequently and the models into which these features 

have been successfully combined are described in the following section.63

 

• Product(s) and Service(s) Offered: depending on the needs and characteristics of 

the MFI's target clientele, not all microfinance products and services will be suitable. 

 

• Individual versus Group Services: in typical microfinance situations where 

potential clients have little to no collateral, formal credit history, or access to formal 

financial institutions, servicing individuals is unprofitable due to the high proportion of 

fixed service costs (particularly due diligence of a client's willingness and ability to 

honor their financial obligations) relative to profits earned from that individual's 

account.  Nonetheless, some mature MFIs with long-standing clients who have 

developed a history with the organization have offered services to individuals. 

 

• Public vs. Private Meetings & Payments: There are six benefits that are 

associated with public repayments that help strengthen the contract between the MFI 

and its clients64: 

1. Increased threat of social stigma surrounding late payments 

2. Lower transaction costs for the MFI by reducing time spent transitioning 

between meetings. 

3. Opportunity for the MFI to collect information about clients from other clients 

through cross-reporting. 

4. Facilitation of education and training of clients due to all clients being 

assembled together. 

5. Greater client comfort level dealing with the MFI due to support of neighbors. 

6. Reduced opportunity for fraud by the MFI employees due to greater 

transparency of actions with clients. 

 

• Meeting and Payment Location: requiring clients to travel to the MFI increases the 

cost of its services to them directly through travel costs (e.g. bus fare, meals away 

via the opportunity cost of foregone wages.  Holding from home) and indirectly 

meetings at a client's location also provides an opportunity for the MFI to monitor the 

client and their situation more directly and look for signs that may foreshadow their 

inability to meet their obligations.65 

 

• Meeting Frequency: in conjunction with the location of meetings between the MFI 

and its clients, the frequency of meetings also has the potential to increase the 
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effective cost of services via the opportunity cost of foregone wages.  Each meeting, 

however, is also an opportunity for the MFI to collect information about its clients and 

monitor their situation. 

 

•  

opportunities available to them (e.g., bank accounts, etc.) and so bear a higher risk of 

 

• 

 token 

systems.67 

 

• 

oup members have access to funds is an important design decision 

with t

 

• Change ss to Funds within Groups: assuming multiple rounds 

of intera

may he ices by members who had late access to funds in an 

ear

membe

 

• Pro
clients  increasing the degree to which those 

goods and services are available (e.g., larger loan amounts, longer payback periods, 

 

• 

ble opportunities. 

Payment Frequency: microfinance clients often have limited formal savings

theft or pilfering, making more frequent repayments more desirable in spite of the 

added transactional cost this creates.  Increased frequency also provides an 

opportunity for the MFI to monitor the client, reducing its exposure to both ex ante 

and ex post66 moral risks. 

Payment Method: while financial loans will be paid in cash, services (e.g., electric 

lighting) can be charged on a "fee-for-service" basis or through pre-paid

Order of Access to Funds within Groups: if group structures are being used, the 

order in which gr

 op ions including sequentially, in pairs, or in random order. 

s to Order of Acce
ction between the MFI and the group, changing the order of access to funds 

lp correct perceived injust

lier round of borrowing, helping maintain a sense of equality and fairness amongst 

rs. 

gressive Services: increasing the variety of products and services available to 

who remain in good standing and/or

etc.) can help motivate clients to adopt a more long-term perspective on their 

relationship with the MFI and, consequently, their actions in that regard. 

Subsidies: long-term subsidies applied to offset client operating expenses are not 

sustainable, however, they can be used in the short-term to offset a client’s start-up 

costs and establish long-term, sustaina

 

• Financial Service Provider Exclusivity: in the case of loans, maintaining 

relationships with multiple credit vendors and, possibly, multiple groups can reduce 
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the effectiveness of micro-finance initiatives and the incentive structure they aim to 

create by removing the cost of exclusion from the MFI and the benefits it provides 

over other non-MFI alternatives (e.g., banks, local money-lenders, etc.). 

Group Evaluat
Becaus  advantage of group dynamics to redistribute a project’s 

risk away from lenders and on to the borrowers themselves, most microfinance programs will need to 

create a ris r

used in develop

• : the number of people in a group is a proxy for the stability of the group's 

aggregate revenue stream, and thus, its ability to accommodate unexpected negative 

bility and therefore 

lower default risk.  In extremely large groups, however, the likelihood of "free-riders" 

 

• 

 a group's default risk, with shorter group lifespan indicating lower social 

capital and higher default risk. 

• 

uress.  Caste distribution is, 

in turn, is a proxy for a group's default risk, with greater caste distribution suggesting 

 

 

• Default penalties: penalties need to be significant enough to motivate clients to 

meet their commitments, yet, also flexible enough to accommodate adverse 

circumstances that are significantly outside of a client's control. 

ion Criteria 
e microfinance often takes

k p ofile for groups seeking to participate.  The following is a list of criteria that can be 

ing this profile:68

Group Size

"shocks" to individual member’s revenue and still meet its financial obligations over 

time.  As such, for a given level of obligation, the larger the number of members 

within a group generally indicates a greater degree of revenue sta

increases, which works to increase the group's default risk. 

Group Longevity: group longevity is a proxy for its social capital.  This is a predictor 

of its members’ willingness to support each other in times of duress which, in turn, is 

a proxy for

 

Group Gender Distribution: a group's gender distribution is a predictor of the 

positive social impact their success will have, with a higher proportion of women 

predicting a greater degree of positive impact. It is also a proxy for default risk, with a 

lower proportion of women likely to result in a higher default risk. 

 

• Group Caste Distribution: caste distribution is an indicator of a group’s cultural 

homogeneity.  Caste distribution is a proxy for its social capital, a predictor of its 

members’ willingness to support each other in times of d

higher default risk. 
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• 

 of duress.  

Religious distribution is, in turn, is a proxy for a group's default risk, with greater 

 

• y for a group's social 

capital.  Group Cultural Homogeneity is a predictor of its members’ willingness to 

h other in times of duress which, in turn, is a proxy for a group's default 

gainst the MFI, indicating that extremely high levels of cultural 

 

• 

rsity indicating a lower 

covariance and consequently a lower risk of default. 

• 

 

 Demonstrated Ability to Save: demonstrated savings ability indicates a group's 

 

 Group Collateral Available: an indicator of overall risk, with higher amounts of 

 

• 

ability to effectively monitor one another, and as a result, a higher 

degree of ex ante lending risk. 69 

Group Religious Distribution: religious distribution is an indicator of a group’s 

cultural homogeneity.  Religious distribution is a proxy for its social capital which is a 

predictor of its members’ willingness to support each other in times

religious distribution suggesting higher default risk. 

Group Cultural Homogeneity: cultural homogeneity is a prox

support eac

risk, with greater homogeneity suggesting lower default risk.  Examples of cultural 

homogeneity other than caste or religion include tribal affiliation, dialect, style of 

dress, or even hair style.  There is a risk, however, that highly homogenous groups 

may collude a

homogeneity actually increase default risk. 

Group Revenue Stream Diversity: a group's revenue stream diversity is a proxy for 

the covariance of its members’ incomes and, consequently, for how likely the group 

will be able to avoid defaulting in the event of circumstances that impede one or more 

members from earning as much as expected (e.g., crop failure would devastate a 

group consisting entirely of farmers), with greater dive

 

Group Income History: a group's income history can give insight into trends in its 

ability to pay and the maximum levels of financial obligation it can support. 

•

ability to self-organize and to manage its finances.  As such, it is an indicator of its 

members’ commitment, long-term perspective, and default risk.  Greater savings per 

capita over longer periods of time suggest greater commitment and lower default risk. 

•

collateral indicating lower risk to the lender in the event of default. 

Geographic Proximity of Group Members: distance between group members' 

residences is a proxy for their ability to monitor each other, with longer distances 

suggesting a lower 
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The gro

to save, group

surveyed, all Bh

necessities” to hted too heavily, however, a 

ignificant proportion of villagers might be made ineligible, even though these are the ones who 

probably ne

potential seaso

recharging abili

group members

months to main

will not decline a

Season

diversity of Bh ortant.  There are a limited number of 

income-earn ortunities in Bhudapada.  Group members will need to be from as diverse an 

income-earn

minimize the gro

Finally, 

Bhudapadan gr

center.”  As suc

Bhudapadans, m sidences are as closely grouped 

as possible. 

Basic Microfinance Mod
Microfinance services and the models used to deliver them are not universally applicable and 

will achieve 

they are being applied.  

nation populations, 

microfinance overall.  These mod

why they are effective ca

will ultimately be impleme

Savings 

One definition of the verb “to save” is “to set aside, reserve, or lay by.”70   Another definition is 

“to keep sa

apply in describ

are many and 

distances betwe d/or the banks’ reluctance to accept small deposits 

up evaluation criteria that are most relevant to Bhudapada are a demonstrated ability 

 revenue stream diversity, and geographic proximity of group members.  When 

udapadans indicated that their current income is below what is necessary for “basic 

be covered.  If a demonstrated ability to save is weig

s

ed the greatest amount of assistance.  This metric is also important because of the 

nality of incremental revenues created by solar lighting due to limited battery 

ty during monsoon season (July through September).  During the monsoon season, 

 will need to draw on incremental revenue savings generated during non-monsoon 

tain their repayment commitments.  It is reasonable to expect that their saving ability 

fter the project begins and thus they will be able to maintain these payments. 

ality of incremental revenues and the need to maintain payments is also why the 

udapadan groups’ revenue streams is imp

ing opp

ing background as possible to maximize the benefits that diversification provides and to 

up’s default risk. 

geographic proximity of group members is another important consideration for 

oups because of the village’s already low population density and lack of a true “village 

h, self-monitoring—a key aspect to microfinance success—will already be difficult for 

aking it especially important that group members’ re

els 

best results only when tailored to the characteristics of the specific situation for which 

Nonetheless, some characteristics are generally common to developing 

resulting in a handful of models that can be considered fundamental to 

els and an understanding of their advantages, disadvantages, and 

n be used as a basis for the analysis and design of the tailored models that 

nted in specific cases such as Bhudapada village. 

fe, intact, or unhurt; safeguard; preserve.”71  In the case of the rural poor, both of these 

ing their needs and the challenges they face in meeting them.72  These challenges 

include a lack of access to formal savings services (e.g., banks) due to the long 

en them and banking locations an
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which are deemed too expensive to administer given the deposits’ size.  This lack of access to formal 

savings

se the 

househo

e until they are able to save enough to make the productivity-

enhanci

Rotating Savings and Credit Associations74

ciations (ROSCAs) are one of the most fundamental 

microfin

There are three competing theories for why ROSCAs are effective.  The “commitment to 

otive” theory is based on the argument that social pressure (through commitment to other 

membe

 services introduces another challenge, that of “safety”: homes without locks on doors and 

windows without glass do not provide a safe haven for cash or other concentrated (and so easily 

stolen) stocks of wealth.  Nonetheless, if opportunities to save are available, there are a number of 

advantages and disadvantages to this form of wealth creation. 

One advantage is that funds saved are owned by the household and so do not have any 

“liens” against them that limit what the household can apply them to.  Assuming complete freedom of 

deposit and withdrawal, savings products also enable households to smooth their consumption profile 

over time.73  Finally, outright ownership of savings also means that any returns from their use belong 

to the household. 

A key disadvantage to saving, particularly for those essentially living at a subsistence level, is 

the length of time it takes to accumulate sufficient funds for an investment that will increa

ld’s productivity (e.g., lighting that allows work to be done at night), and consequently, its 

long-term income potential.  This delay introduces the potential for opportunity costs that outweigh the 

expected value of a family’s future investment opportunities (for example medical expenses that 

cannot go untreated barring serious detriment to the afflicted individual), causing the family to spend 

their savings and prolong the tim

ng investment.  Somewhat related, another key disadvantage to savings is that they are 

restricted to the family’s ability to generate income.  Without the opportunity to borrow money and 

leverage these borrowings to invest in positive net present value (NPV) projects, the family is trapped 

by its own limited productivity. 

Rotating Savings and Credit Asso

ance models of microfinance structures.  Although there are different “flavors” of ROSCAs, 

the basic structure involves a group of people who agree to each contribute an amount of money per 

period to a common “pot” for the same number of periods as there are group members.  Each 

period’s “pot” is made available to one group member to use as they wish, often for a major purchase 

(e.g., a sewing machine) or a large payment (e.g., school tuition fees).  The result is that at the end of 

the last period, each member will have had access to the pot with no further obligation to any of the 

members or an external body. 

savings m

rs) motivates members to save more effectively than if they were to do so independently, out 

of fear of social reprisals by their peers, including possible exclusion from the ROSCA in future 

periods.  The “early pot motive” theory argues that the opportunity for all participants (except the last) 

to gain access to the pot sooner than if they had simply saved themselves motivates participation.  

Lastly, the “household conflict motive” theory argues that ROSCAs are effective because they keep 
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“saved” money outside of the household away from other family members (typically husbands) who 

might otherwise spend it, thus helping the saving process. 
There are three main advantages to the ROSCA model.  The first is the simplicity of the 

structure that allows it to be organized and managed relatively easily by participants.  Because 

ROSCA members are typically well-known to each other, a second advantage is that monitoring of 

participa

dentified with ROSCAs is that both the size of the pot and the size of contributions 

is fixed 

how the ASCA should be managed, including setting interest rates, 

maximum loan sizes, etc. 

y populated by members who are well-known to one 

another

ASCA model is that savers are not required to borrow funds and can 

simply u

nts is easier and information about risk within the group is timely and well-known.  A third 

advantage is that ROSCAs do not require physical storage of funds as the pot is collected and then 

immediately distributed, reducing the risk of theft or “erosion” due to numerous minor withdrawals for 

daily “needs.” 

One limit i

within the life of the ROSCA.  Although not necessarily a disadvantage, this lack of flexibility 

nonetheless reduces the attractiveness of the ROSCA model.  A genuine disadvantage of ROSCAs is 

that they rely entirely on the resources available to their members.  As such, ROSCAs limit the size of 

the capital pool available to their members and, consequently, the amount of financial leverage (and 

subsequent returns) possible.  ROSCAs are therefore more of a means of saving rather than 

borrowing. 

Accumulated Savings and Credit Association75

Also referred to as “credit cooperatives” or “credit unions,” accumulated savings and credit 

associations (ASCAs) also rely on locally available resources.  All members are shareholders and 

participate in decisions about 

Like ROSCAs, ASCAs are usuall

.  This makes ASCAs effective in part due to the high quality and low cost of information 

amongst group members about one another’s risks.  Loan requests from high-risk borrowers can be 

evaluated and awarded on the basis of that risk, minimizing the ASCA’s default costs.  Borrowers 

who default also risk losing their assets held by the ASCA, social costs from their peers, as well as 

the ability to be a member of the ASCA in the future and the benefits this provides.  Finally, some 

ASCAs also act as buying agents, coordinating the purchase of goods in bulk to lower average costs 

to their members. 

One advantage of the 

se the ASCA as a deposit account for their own funds.  This enables participation of any 

individual who wishes to save money.  For participants who do wish to borrow money, they do not 

have to wait to do so, and the size of the amount they borrow can be adjusted to meet their own 

needs, independent of the needs of others. 
A key disadvantage of ASCAs is the need to store funds, introducing the need for security 

and the related costs.  It is also important to note that with multiple accounts and loans, ASCAs 

require relatively complex management systems, as well as individuals with the skills to operate these 
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systems.  Such skills may be in short supply in less educated populations and may also introduce 

further costs to the ASCA model. 

Lending 
There are two broad categories of lending within microfinance: individual lending where the 

MFI maintains a one to one relationship with the borrower and group lending whereby the MFI lends 

to a group of individuals, often with loan terms including specifications for how the loan is to be 

disbursed amongst the group members.  Because some MFIs do have individual lending services 

and have met with varied success, this will be discussed below, however, this is usually applied to 

wealthie

te moral risk and ex post moral risk.  Ex ante moral risk is the risk that the borrower does 

not take the actions promised, or to the level of effort necessary, to achieve the expected returns from 

 thereby making it difficult or impossible to repay the 

loan on

(i.e., “take the money and run”). 

ulty associated with collecting information about the potential client to assess the 

risk the

ending money to groups of individuals as a means of 

overcoming barri

r borrowers with greater borrowing experience.  Group lending has a greater variety of 

models and has found more success serving less wealthy populations similar to Bhudapada and so 

will be covered in more detail. 

As discussed already, with lending also comes risk.  In general, risk associated with lending 

is default risk—the risk that the borrower does not or cannot honor their financial obligations.  

Underlying this, however, are two other types of risk that relate to different phases of the lending 

cycle: ex an

the investment made with the borrowed funds,

 schedule.  Ex post moral risk is the risk that the borrower, after having realized a return 

sufficient to honor their financial obligations, either claims not to have made this return and that 

he/she is unable to repay the creditor, or simply makes himself/herself unavailable to the creditor so 

that monies cannot be collected 

Individual Lending 

Advantages to individual lending accrue to the borrower, providing maximum flexibility in 

regards to the size and timing of the loan.  However, there are no significant advantages to lenders 

when clients are borrowing small amounts and have little to no collateral or credit history aside from 

the possible distinction of having a larger client base. 

The most significant disadvantage to lending to individuals with little to no collateral or credit 

history is the diffic

y pose to the MFI as well as the cost of collecting this information.  For clients borrowing small 

amounts of money, these costs could easily outweigh any interest the lender earns on the loan.76  As 

such, individual lending to the poor is not a viable strategy for most MFIs. 

Group Lending 

Group lending is the practice of l

ers to their borrowing money individually (i.e.., a lack of collateral).  Group lending is 

one of the most, if not the most, pervasive model used by microfinance programs, a perception fueled 
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by Mohammed Yunnus’ (founder of Grameen Bank) being awarded the Nobel Peace Prize in 2006 

for Grameen Bank’s work based on group lending.  Although there is little question of how broadly 

group lending has been used, it is not clear whether it is financially self-sustaining, a major point of 

eveled by those who question the accolades given to Yunnus and other microfinance 

propone

uhammad Yunnus founded Grameen Bank and was recently awarded 

the Nob

 more reliable and who is riskier.  

Because it is in the borrowers’ self interest to partner with the least risky members possible (so they 

 for supporting delinquent partners and/or so they do not lose loan privileges 

becaus

to repay their loan.  In this way, group lending 

eliminat

Grameen lending model enables members to develop a form of credit history, 

both am

criticism l

nts.77

It is also important to remember that group lending by itself is no panacea.78  As noted in the 

list of microfinance program design features, serving clients individually or in groups is but one 

feature available to microfinance designers.  It is, however, one of the more significant options 

available.  The following sections describe two group lending models that have been broadly applied. 

Group Lending – Joint Liability Group (“Grameen model”) 

As previously noted, M

el Peace Prize.  This joint liability group model (colloquially referred to as “the Grameen 

model”) is the second-most common credit delivery model employed in India and is typically 

structured as a group of four to five borrowers who jointly guarantee the repayment of loans to each 

individual borrower.79  The availability of funds is staggered, with money initially made available to two 

members.  If these loans (and interest) are repaid successfully, the next two members are allowed to 

borrow.  If any borrower defaults, subsequent members are denied access to loans. 

One key advantage to this model is that banks are able to lower interest rates on loans to 

groups.  These lower interest rates are available because groups are formed by the members 

themselves (rather than organized by the lender).  Group members have better knowledge of who in 

their pool of potential members they have to choose from is

are not responsible

e of other members’ risk), only relatively low risk groups will form and apply for a loan.  Thus, 

the group structure solves the lender’s problem of not having information about the borrowers. 

A second advantage is that group members will self-monitor to ensure that current borrowers’ 

actions and efforts are conducive to their being able 

es the need for the lender to monitor the borrowers’ actions and neutralizes ex ante moral 

hazard. 

The Grameen lending model also neutralizes ex post moral hazard.  The “joint liability” of the 

agreement creates social pressure between group members that will encourage borrowers to repay 

their loan obligations, again without the lender needing to be involved. 

Finally, the 

ongst themselves and, more importantly, with the lender.  This can be leveraged to enable 

borrowing of even greater amounts of money in the future, an incentive that is often used to further 

motivate loan repayment. 

 

 

 

50



  

A disadvantage of the Grameen model is that some borrowers must wait for access to funds.  

Depending on the nature of what they intend on using the funds for, this may create opportunity costs 

that might decrease the value of the loan for them.  For example, if a loan is to be used to purchase 

seed for planting at the beginning of the harvest season, a delay of even a few weeks will essentially 

make the loan useless to the “second round” borrowers.  Another of the Grameen model’s 

disadva

The “village bank” model was developed in Bolivia in 1984 by the Foundation for International 

ember-run private bank, typically serving 

betwee

al to the amount 

contribu

s have 

repaid 

ative cost low. 

village bank model still rely to 

varying 

main solvent.82

ntage is that it is administratively “heavy” for the groups, requiring multiple meetings each 

week between the group members, the village “center,” and the MFI representative. 

Group lending - “village bank” (FINCA)80  

Community Assistance (FINCA).  FINCA operates as a m

n ten and fifty people, usually women.  Banks are financed by member savings as well as 

seed loans provided by a supporting MFI, the size of which is determined by the bank members’ 

collective loan requests.  Members collectively guarantee the banks loan and take responsibility for 

managing the bank, monitoring loans, and enforcing penalties for noncompliance, meeting weekly or 

bi-weekly to do so.  Loans from the MFI are cyclical and, on the basis of growth in the members’ own 

savings, are progressively larger each round.  Although no interest is paid on member savings, they 

do receive a share of the bank’s profits from re-lending or investments, proportion

ted by the member to the bank’s sum total. 

Many of the advantages of the Grameen “joint liability group” are also shared by the village 

bank model, including the ability to leverage external capital to make greater investments, increased 

ability to save and the enhanced status of women.  Because the village bank model does not employ 

smaller “peer groups” like the Grameen model, it is possible for individuals to borrow money 

independently (though still under the broader supervision of the village banks managing body).  This 

alleviates one of the Grameen model’s key disadvantages, funds being distributed sequentially 

amongst peer group members, forcing some members to wait until other peer group member

their loans before gaining access to the loans themselves.  Because village banks are 

managed by their own members, another advantage they have is that they are relatively autonomous 

and thus do not require significant amounts of input from the supporting MFI, keeping the 

administr

A disadvantage of the village bank model is that to date it remains unproven with only three 

FINCA country programs employing the village bank model having achieved financial self-reliance: 

Ecuador, Uganda, and Kyrgyzstan.81  Other attempts to employ the 

degrees on donations to supplement funds borrowed from commercial lending sources and 

profits from interest created by the programs themselves.  However, these issues are not unique to 

the village bank model.  The Grameen and similar models are similarly criticized for relying on 

external contributions to re
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IX. 

onstructed to perform this evaluation both for this project 

and as 

proach in this case is that it requires a discount 

rate for

se.  Although simplistic, this approach reflects the reality that households in 

Bhudap

Village Financial Evaluation Model 

In order to make a business model recommendation for Bhudapada village, in addition to 

understanding the village’s characteristics and designing an appropriate microfinance model tailored 

to such characteristics, it is imperative to understand both the village’s current financial profile as a 

“base case” situation, as well as to forecast what the net impact that the “alternative case” of 

introducing a technology to the village will have.  This will identify the village’s financial constraints 

and, consequently, what technologies the villagers can afford. 

A financial valuation model was c

a tool for future projects.  This section describes the model’s design and the reasoning behind 

this design, as well as conclusions drawn from a sensitivity analysis conducted on the model.  

Sections of the model will be referenced directly within this paper, with a complete version of the 

model available separately. 

Design 
The model was originally designed to calculate the NPV of the solar lighting project using a 

structure that determines the cash-flows from an “alternative case” (in this case, an average 

Bhudapadan household with a solar lighting system) and subtracts from it the “base case” cash-flows 

(an average Bhudapadan household using the incumbent lighting technology of kerosene-fueled 

diwas and lanterns).  The difficulty with the NPV ap

 the villagers.  There is, however, a paucity of literature describing best practices for 

determining a discount rate for people living on the fringes of subsistence as the majority of 

Bhudapada residents do and, in general cannot be considered a realistic exercise given their minimal 

opportunities to save and consequent lack overall of revealed preferences on which such a rate could 

be based.  

Because of these challenges, on the advice of one of this project’s advisors,83 the decision 

was made to diminish the importance of the discount rate (using the inflation rate only for the purpose 

of adjusting cash-flows to compensate for the inflation rates used) and to consider instead the net 

balance of a household’s debt, a desirable trend being a gradual decrease in their level of debt over 

time, eventually arriving at a zero balance and from that point on, higher cash-flows than they would 

have under the base ca

ada are faced with. 

The base for the model is the village’s current situation of almost exclusively using kerosene-

fueled diwas and hurricane lanterns for light and purchasing kerosene each month from government 

and market sources.  This base case also includes its non-financial effects, including emissions from 

burning the kerosene and the effects these have on the villagers’ health and, more broadly, the 

world’s atmosphere (with regards to greenhouse gas emissions). 
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The alternative case considered is one in which the villagers purchase the recommended 

“stationary light” lighting technology consisting of a battery charger, four AA batteries, and a light 

source. 

r villages. 

 designed.  Analysis on the basis of individual borrowing is a relatively 

d easily understood starting point for determining whether an average village household can 

afford a

waking, non-daylight hours 

• 

sidized “ratio card” price and black-

market prices88 

The model considers how the in-house lighting can enhance productivity and thereby create 

the potential for additional household revenues, as well as increased cash flow from a reduction in 

money that was previously applied to kerosene purchases.  

The timeframe adopted for the model is five years (sixty months).  This was selected because 

it is long enough to provide insight into long term trends, while still being a timeframe that can 

reasonably be expected to apply to Bhudapada and other simila

Finally, the model’s analysis occurs at the household level because this is the level of 

consumption of lighting and other electrification related services.  It was also assumed that 

households can borrow money individually.  Although this is a significant simplification, as already 

described earlier in this report, there is a wide variety of options for how microfinance programs and 

their respective products are

“pure” an

 certain technology before complicating the valuation with the introduction of micro-financing 

administrative costs.  As such, the next step for developing the model further is incorporating the 

ability to capture the effects that these different costs will have on the valuation and a household’s 

ability to afford different technologies. 

Assumptions 
The following assumptions were made in developing the model: 

• Borrowers are able to borrow the full cost of the lighting system 

• Lighting units will be paid for in a single payment and will be available immediately after 

payment is made, i.e., there is no time delay due to installation or supply constraints 

• Payment periods are monthly 

• Payments are straight-line (not declining balance)  

• Units will provide sufficient light84 to allow handwork85 to be done after dark by more than one 

person at a time 

• Current kerosene-powered light sources (diwas and lanterns) do not provide sufficient light to 

allow handwork to be done after dark86 

• Light is desired during all 

All households that purchase a lighting unit will do handcraft work to generate additional 

revenue and these handcrafts can be sold at current market prices or better87 

• Revenues from handworks will increase at the general consumer inflation rate 

• The price of kerosene increases in fixed “shocks” steps of 10% one time yearly and that 

these increases apply equally to both the government-sub
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• 

• 

• 

 its results and recommendations coming from these.  Four 

variables were hypothesized as being key drivers in the model and therefore to the project itself.  

xpected 

r in determining both what technology is recommended as well 

terprise based on that technology.  The 

tionary light system. 

portant because it relates directly to the 

sustainable for 

 value for this 

Villagers are unable to repair the lighting units themselves, i.e., a trained service person is 

needed to repair the units 

• Service people are employed in non-discrete units (i.e., when not working as a unit service 

person, the person will find other work so that the individual will not be restricted to full-time 

employment as service person) 

The project is replicable in the future with technology that is priced no higher than the present 

(prices for a given technology decrease over time) and with kerosene priced no lower than 

the present (price of kerosene will increase over time) 

Villagers do not have access to formal savings institutions or services, i.e., any additional 

cash-flows that villagers accrue and do not spend will not earn interest 

• Eighty percent of kerosene is used for light and all kerosene purchased in a month is used in 

that month 

• Recharged batteries retain 100% of charge over time, i.e., there is no “leakage” of charge if a 

battery is not used for a long period of time 

Sensitivity Analysis 
A sensitivity analysis of the financial model was conducted to better understand the 

robustness that could be expected of

These variables are: 

 

System Purchase Cost 

The purchase cost of the lighting system was selected because capital cost was identified by 

the project sponsor as the most important factor for this project,89 and because it is e

to be the most significant facto

as the business/ownership model for any micro-en

baseline value adopted for this parameter is Rs. 1,384 (USD$35.94), the cost for the 

recommended sta

 

Annual Cost of Debt 

The rate of interest charged by BISWA on loans is im

SHG’s cost of borrowing (and consequently the price they can afford to pay for a given 

technology investment), as well as to whether or not a project is financially 

BISWA and so the likelihood of the project’s long-term survival.  The baseline

parameter is 20%, the rate of interest BISWA currently charges its SHGs. 
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Price of Kerosene - Government 

The price of government subsidized kerosene is the most significant expense in the model’s 

e future.  The baseline value for the price of kerosene is Rs. 

f plates & cups, bamboo mats) 

ative case is another 

 each unit of bidi leaf rolling, cots, leaf plates and cups, and bamboo mats (the 

mmary of the model’s outputs under these baseline values and with all 

base case and thus plays a large role in the overall valuation and the resulting decisions.  

The importance of this factor is enhanced due to the expected rise in accordance with the 

price of petroleum products in th

10 (USD$0.26) per liter of government ration card kerosene. 

 

Handcraft Revenue Rate per Unit (bidi leaves, cots, lea

The additional productivity (and resulting revenue) allowed by the increased quality and 

quantity of light generated by the recommended technology in the altern

key driver for the model product.  This revenue is quantified as the average hourly rate 

received for

four most common handcraft activities identified in Bhudapada).  The baseline value for this 

rate is Rs. 2.76 (USD$0.07) per hour.   

Table 4 shows a su

other variables held constant. 

 

Table 4: Summary of "stationary light" baseline results. 
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In this scenario, the average increase in hours of light per day (duration) is less than half of 

one hou

anecdo

duration

calculat

specific ada, it is impossible to say how 

closely these burn rates relate to the cited rates.  Given the significant difference between the 

anecdo safely 

expecte d by 

the mod

in the 

quantity nd 

is the fa l 

revenue .  As such, although duration of light is important to 

consider, as demonstrated here a much better measure also considers the quantity of light available 

during t

 also shown to decrease 100%.  This is because there is no 

eed for kerosene to be used for light due to this particular technology’s ability to recharge (on 

d.  Therefore, no emissions are created.  For 

other technologies that are not able to recharge faster than their depletion rate, kerosene will need to 

r, an increase of roughly 10%.  This is considerably less than what was expected given the 

tal information collected during interviews with villagers that indicated that current daily 

s of light are far shorter than what is desired.  The current durations used in the model are 

ed based on kerosene burn rates for diwas and hurricane lanterns.  Without further research 

ally measuring the burn rates of lanterns and diwas in Bhudap

tal and calculated, if the calculated values are, in fact, too conservative, it can be 

d that the benefits of adopting this lighting technology will be even greater than predicte

el. 

A more significant result predicted by the model is the roughly fifteen-fold increase 

 of light measured in lumen-hours.  This is a measure of the brightness of light available a

ctor responsible for users of this technology’s ability to do handcraft work and earn additiona

s when previously they were unable to

hat time.90

Pollutants in this scenario are

n

average) its energy stores faster than they are deplete

be used for light, resulting in pollutant emissions.  Overall it is expected that this will not be significant. 

Finally, under the baseline scenario, adopters of the stationary light technology can expect to 

have average monthly net cash-flows of Rs. 110.12 (USD$2.90), a considerable improvement over 

the negative cash-flows experienced under the current base case.  As shown in Figure 18, 

incremental present value cash-flows from the stationary light scenario will total Rs. 8,657 (US 

$225.31) over five years for an individual household.   
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Figure 18: Present value of period and aggregate incremental cash-flows. 

 

Method

h variable was changed independent of others 

by a fixed amount, the goal being to identify what value resulted in an average monthly cash-flow of 

s. 0 during the loan repayment period, investors in this technology will at worst be “revenue neutral” 

ntil the loan is completely repaid. 

Adjusting each variable independently, Table 5 shows the threshold value for each in order to 

attain an average monthly cash-flow of Rs. 0 during the loan repayment period. 

Of the four variables selected for the sensitivity analysis, the revenue rate for handcrafts and 

e system purchase cost are the two most significant limiting factors, with threshold values 

presenting changes of 19.6% and 24.8% respectively. 

 

 

 

 

ology 1 – Independent Adjustment of Variables 
Having established a set of baseline results for comparison, two approaches were used to 

conduct a sensitivity analysis of the model.  The use is based on the financial impact the adoption will 

have on residents, on the assumption that this will be the determining factor for whether or not the 

project is ultimately sustained over the long-term.  Eac

R

u

th

re
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Table 5: Loan repayment period "breakeven" levels for sensitivity analysis variables. 

Variable Original Value Threshold Value 
Percent 
Change 

System Purchase Cost Rs. 1,384 ($35.94) Rs. 1,727 ($44.86) 24.8% 

Annual Cost of Debt 20.0% 95.20% 476.0% 

Price of Kerosene 
(Government) 

Rs. 10 N/A: under the "Stationary 
Light" technology scenario, 
there is no kerosene used for 
lighting and so villagers are 
unaffected by the change in 
kerosene prices 

n/a 

Handcraft Revenue Rate Rs. 2.76 ($0.07) per 
hour 

Rs. 2.22 ($0.058) per hour -19.6% 

 
The insulating effect from kerosene shocks identified by the model is notable.  Although one 

variable applied in the model is that 80% of kerosene fuel is used for lighting (an estimate based on 

the villagers’ descriptions of also using kerosene to occasionally dry wood) meaning that there is still 

potential for Bhudapadans to be exposed to such shocks, for the purposes of lighting (and 

consequently for the benefits it provides) the model shows that in the stationary light scenario, these 

are successfully de-coupled, a significant result given the recent rise in petrochemical costs. 

Of significance to BISWA is that the model suggests there is considerable latitude for them to 

adjust (i.e., increase) interest rates without significantly affecting the overall opportunity for villagers to 

adopt t

 was used to conduct a second sensitivity analysis, modifying the 

four ch

cumented in Table 6, 

which s

the price of the stationary light scenario’s 

technology can actually be expected to decrease over time.  Furthermore, handcrafts are sold into 

perfectly competitive markets using widely available materials and so the average handcraft revenue 

he technology.  For any initiative to be sustainable, especially with regards to the larger 

numbers of villages this could be scaled out to, BISWA will need to cover its costs.  The model’s 

relatively low sensitivity to cost of capital bodes well for the initiative’s sustainability as far as BISWA 

is concerned. 

Methodology 2 – Simultaneous Adjustment of Variables 
Recognizing that changes in single inputs are not a realistic reflection of what is likely to 

happen, an alternative methodology

osen factors by 5% increments until the average monthly net cash-flows during the loan 

repayment period reached zero or negative.  The results of this approach are do

hows that all factors can change simultaneously by up to 10% while still maintaining a positive 

average cash-flow over the loan payback period.  Although this value may initially seem low, it is 

worth noting that it can be reasonably assumed that 
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rate can also be assumed to be relatively stable.  As such, the stationary light scenario is actually 

more stable than the results of this second sensitivity analysis might indicate.   

Ta ultaneou f key vable 6: Results of sim s adjustments o riables. 

 

Analysis Conducted on Other Variables 

ary light 

scenari

s even more significant, when the average number of adults available per household 

was adjusted downwards from 1.5 to 1, the average monthly net cash-flows during loan repayment 

erefore based on this measure, single-

adult ho

for financial sustainability must be met if the project is to succeed.   

Because many villagers stated that they would be willing to work more hours each day if they 

were able to (due to increased availability of light), it was estimated that the 1.5 additional working 

hours per adult per day used in the model (with 25 working days per month and an average of 1.5 

adults per household available to work) would be a reasonable period of time and so not a potential 

threat to the success of a villager’s adoption of the technology.  Nonetheless, a break even analysis 

was conducted (following Methodology 1) and it was determined that under the station

o and with all other variables at their baseline level, the minimum time required for additional 

work was 1.21 hours (approximately one hour and twelve minutes) per day.  Although the 

aforementioned figure represents a difference of almost 20%, this result nonetheless emphasizes the 

importance that the additional revenues from handcrafts have in enabling villagers to adopt the 

technology. 

Perhap

became negative, at Rs. -22.05 (-USD$0.57) per month.  Th

useholds could not afford the technology by themselves unless they were willing to work even 

longer hours.  This is not thought to be a significant concern for Bhudapada, however, as the average 

number of adults per household is actually 2.76.91  With this number of working adults, each would 

need to work 0.66 additional hours (approximately forty minutes) per day to afford the system. 

Requirements for Financial Recommendation 
For this project’s recommendations to be valuable to the villagers in Bhudapada as well as 

BISWA, they must be sustainable over the long-term.  Sustainability encompasses a number of 

areas, however, because finances are the most significant limiting factor in this project, requirements 
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Three such requirements have been identified.  The first is that households are able to cover 

the costs arising from adopting the new lighting technology, i.e., it is providing a net financial benefit 

ing opportunity costs) of capital and of 

ast recoup the financial costs of paying for the 

technology, its mainten

al of this project being disseminated across multiple villages.  Although a single 

loss-ma

hat the 

 enough to provide the same return as that provided 

by other p

rate of 20% still enables the first 

requirement to be met, that villagers are able to cover their own costs. 

to them.  The second requirement is that BISWA’s costs (includ

administering the project are covered by the cash-flows it generates.  Finally, on the assumption that 

BISWA will want to continue operating the project on a long-term basis, it must also be compatible 

with BISWA’s long-term business strategy. 

Villager Costs Covered 

Although most project valuation focuses on whether or not the project delivers a positive 

NPV, as already discussed this methodology was deliberately avoided in favor of a more simplistic 

approach that considers the expected monthly cash-flows from the project and whether these are 

more positive than negative, as well as how evenly distributed these positive and negative occasions 

are.  Overall, unless villagers are able to at le

ance, and the costs of any financing undertaken to make the initial investment, 

it will not be possible for them to continue using it given their already subsistence level of income.  

Unlike a wealthier household that may be able to “afford” certain goods or services for the non-

financial utility they gain from them—for example an expensive sports car that is irrational on a purely 

financial basis but that provides a measure of positive consumer surplus via the non-financial benefits 

it provides—the opportunity cost of such “indulgences” to households living at a subsistence level are 

literally the things that keep them alive (e.g., food, etc.).  As such, as long as this condition of 

subsistence is present, any recommendation must meet this requirement. 

BISWA Costs Covered 

BISWA’s costs must also at least be covered by the project when implemented, particularly 

with its long-term go

king project may be sustainable in the long-term if its non-financial benefits compensate for 

the loss (like the aforementioned sports car), multiplied many times over, the financial losses will no 

longer be supportable by the organization. 

Real costs that must be covered by BISWA include the cost of implementing and 

administering the projects recommendations; however more importantly for the sake of long-term 

sustainability is that its opportunity costs are covered, i.e. the investment in these recommendations 

must produce enough of a return as BISWA’s next-best alternative.  Financially, this means t

cost of capital charged for any loans must be high

rograms.  Assuming that BISWA’s efficiencies in administering projects is equivalent across 

all projects, this means that villagers should be charged at least BISWA’s standard interest rate 

(currently 20% per annum). 

When applied to the financial model, charging an interest 
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BISWA’

A’s CEO, the organization is working to streamline its 

operating and financing activities.  Its long-term goal is to be 100% financially self-sustaining, with all 

ered by BISWA’s own micro-enterprises. 92  Stated goals for these micro-

enterpri

s Long-Term Strategy 

The project’s recommendations must also be aligned with BISWA’s long-term business 

strategy if it is to be viable over that period.  This assumes that BISWA will want this initiative to be 

part of its portfolio on an ongoing basis and, consequently, will be willing to devote the resources 

needed in its early stages that will allow it to flourish in the long term. 

From a presentation given by BISW

operating expenses cov

ses include: “converge (sic) microfinance to micro enterprise”; “ensuring sustainability of 

enterprises”; and “creating [an] enabling environment for cottage/rural industries.”  The 

recommendations as described meet all three of these goals and, as such, are aligned with BISWA’s 

long-term strategic goals.93  
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X. 

 the establishment of 

employme

Figure 19: System of interactions. 

 
BISWA has identified lighting as the next step toward development for rural people.  This 

section outlines the specific micro-enterprise recommendations for villages with similar income, labor 

and social profiles as Bhudapada Village and discusses a business plan that can be implemented 

across all 14,590 of BISWA’s SHGs. 

Recommendation for Bhudapada 
Based on our research over the past two years, we recommend that BISWA work with the 

SHG in Bhudapada to set up a micro-utility that provides electrification services to the local people.  

Under this model, the SHG will own and manage the solar battery chargers that are used to recharge 

AA batteries. These batteries will then be used in LED lamps, which households can either rent or 

buy from the SHG. The SHG will rent the rechargeable batteries and the lights.  Revenue generated 

from this activity will be sufficient to repay the loan from BISWA as well as to create additional 

revenue for the SHG.  

Summary and Recommendations 

BISWA is a philanthropic organization that has worked since 1994 to promote the 

development of rural India.  Their goal is to “make a lasting social, economic, psychological and 

spiritual impact.”  This is accomplished through community empowerment and

nt opportunities. BISWA’s Basic Needs Program has helped over 32 villages gain access 

to education, clean water, and food.  BISWA helps provide these services because they are important 

in the overall development of rural India.  More importantly, the organization understands the 

interaction between these services.  As Figure 19 demonstrates, technological, social, environmental, 

political, and economic factors are part of one system and affect each other (directly or indirectly) in a 

web of interactions. A sustainable solution will build on these interactions and leverage their 

connectivity. 

 

Environment 

 

Economy 

Education 

 
 

Health 
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In Bhudapada’s case, the results of the village financial evaluation model support the case for 

 results showed that the average family in 

Bhudapada could afford to purchase their own solar lighting system and, over five years, could be 

expecte

In order to service the thirty households in Bhudapada, BISWA must loan Rs. 36,400 

(USD$9 ada.  

The SHG will dred and 

eighty rech the equipment needed by the SGH and its 

approximate pricing.    

Table 7: Bhudapada SHG vestment. 

a profitable micro-utility.  The village financial evaluation

d to realize financial benefits of Rs. 8,675 (USD$225.31).  This sum, together with the fact 

that a single solar charging unit has sufficient capacity to service approximately four households 

(reducing the expected cost per household of this component by 75%) indicates that there is plenty of 

opportunity for a micro-utility to operate profitably while still allowing households to retain some of the 

additional financial benefits of adopting the technology.  Furthermore, even if the micro-utility does 

capture the entire financial benefit identified in the Bhudapada financial evaluation, villagers will still 

be significantly better off due to the 1,569% increase in light (in lumen-hours) that the system is 

expected to provide over a five-year timeframe and the additional development opportunities this will 

provide to them. 

Technology Recommendation 

10) to the SHG so they can purchase the necessary equipment to sell light in Bhudap

 need to purchase ten solar charging systems, thirty LED lamps, and one hun

argeable (AA) batteries.  Table 7 describes 

capital in

 

ct life spans; both qualities necessary to provide lighting to as many 

Bhudapadans as possible at the lowest possible cost.  Other benefits of the lamps include safety and 

 
The solar charging system is the source of economies of scale in our model and allows the 

SHGs to sell power in the form of rechargeable batteries.  The charger can recharge up to two 

batteries at a time and approximately six batteries every day.  The SHG will need ten solar battery 

chargers because they must ensure that enough batteries are recharged in order to service all thirty 

lamps.  The recommended LED lamps are an appropriate product based on the application and 

affordability within the village.  LED lamps provide a low-cost lighting solution, and LED’s have 

extremely long produ
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mobility

 proper disposal and do not contribute to environmental waste.  The design of such 

a program is outside the scope of this report. 

Financia

 at the village level (the level at which SHGs are formed) those monies are 

 paid to the individual(s) managing the micro-utility and 

therefore will contribute to the growth and development of the village overall.  The human capital 

created by this po  strong 

network of SHG ch that we 

recommend t however, 

may choose to solidarity 

groups.  Thes

Business Plan 
Our re turers, 

and the villagers.  See Figure 20 for a diagram of where each entity engages in the model.  BISWA, 

as a M

 since these lamps are lightweight and can easily be carried.  In addition, LED lamps are 

extremely efficient in converting electricity to light and can provide constant light for up to thirty hours 

with four AA batteries.  This is a vast improvement over the villagers’ current light source (kerosene).  

The one disadvantage of LED lamps is they do not project light as far as incandescent or fluorescent 

lights, which can limit the number of simultaneous users, so as the villagers’ incomes increase and 

they are able to afford other lighting technologies, LEDs may no longer be the optimal light source.   

As mentioned in the case studies, training and technological support are necessary for the 

successful implementation of a project.  In this case, it is important that the SHG accurately manage 

battery recharging.  Batteries should be drained completely before being recharged in order to 

optimize the batteries’ useful life.  Proper battery management will lengthen the life of the battery and 

reduce inventory costs.  Lastly, the SHG should manage a battery recycling program, so the used 

batteries undergo

l Recommendation 

With regards to the microfinance structure recommended for Bhudapada, although the SHG 

structure does introduce an administrative cost, it is a cost that would have been paid for by BISWA 

(and ultimately the villagers) under the other microfinance structures considered.  More importantly, 

by introducing this cost

kept within the village in the form of the salary

sition also stays within the village.  Most significantly, BISWA already has a

s that it can leverage.  In Bhudapada’s case, village characteristics are su

hat the SHG deal directly with individual households.  SHGs in other villages, 

 consider implementing other structures such as ROSCAs or Grameen-styled 

e decisions will need to be made on a case-by-case basis. 

commended business plan involves three partners: BISWA, product manufac

FI will manage the micro-enterprise, which is consistent with their current operations.  The 

organization not only provides financial support, but also training.  This will be imperative to the 

project’s success.  The SHG will need to understand how the business should be run, i.e., pricing and 

payment collection plans.  BISWA will continue to serve as the main interface to product 

manufacturers since they can benefit from the aggregate buying power of all the SHGs.  BISWA will 

use its established expertise to work closely with the SHG throughout the project’s initial phases, 

especially during market research.  The SHG, as a micro-utility, will provide two products to the 

villagers of Bhudapada: LED lamps and batteries.  Villagers will be able to choose a financing option 
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that is appropriate for their income level.  We recommend that the SHG provide four options to 

villagers:   

1) Villagers buy LED lamps and pay the SHG to provide them with charged batteries. 

2) Villagers rent LED lamps with recharged batteries included. 

3) Villagers rent charged batteries for other applications. 

4) Villagers buy batteries for other applications and pay the SHG for charging services. 

Figure 20: BISWA business model. 

s 

 
 
Analysis of Recommendations 

BISWA’s primary objective is to provide the villager’s with novel sources of income.  In fact, 

most of the products produced by already established micro-enterprises are sold outside the village.  
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The recommendation to set up a micro-utility not only satisfies a purely economic development 

objective, but also addresses the need for social development because the product improves the 

qua o y at night, 

whic n ations stand to benefit from this 

prod ces the administrative burden involved 

in s n l 

less, BISWA will need to work with equipment manufacturers to 

bring the product to the village. 

s that are similar to 

Bhudapada and modify it for villages that are different.  While LED lights may be the optimal solution 

for Bhudapada, they are not necessarily the best solution for all other villages.  Each village will have 

different needs and product offerings must be tailored accordingly.  Local SHGs will help determine 

which products satisfy the needs of their village.  For example, in some villages, the SHG may decide 

to offer a warranty, while in other villages, the SHG may teach the villagers how to maintain the 

products themselves.  Strong partnerships with product manufacturers will help ensure the long-term 

success of the energy micro-enterprise.  In addition to product offerings, the SHG will also help 

develop an appropriate payment plan.  The aforementioned micro-enterprise works with a variety of 

payment schemes from purchasing power to leasing lanterns.  Families with adequate and reliable 

incomes can afford to pay and enjoy more enhanced products.  We recommend BISWA conduct 

initial research to segment their villages in categories based on development indicators such as 

income, education, and accessibility in order to find appropriate solutions for differing types of 

villages. 

 

Scaling the Business Model 
 Some villages have higher per capita income than Bhudapada and since it can be reasonably 

expected that this translates into higher spending on light, will be able to pursue more expensive 

lighting technologies.  The micro-utility model can be scaled to service the particular consumer needs 

of a village with greater per capita income.  SHS such as those described in the SELCO case study 

are more expensive and complicated than the technology employed in our recommendation for 

Bhudapada, but these systems may be better suited to wealthier villages.  Again, the SHG will be the 

sole owner and operator of the SHS, and gaining the economies of scale from recharging multiple 

twelve volt batteries (the type used in automobiles) on one system, the SHG will serve as a

e the whole community.  The villagers will need to have sufficient 

income

lity f life for villagers who are not members of the SHG.  Villagers can work and stud

h i creases their level of income and education.  Many gener

uct.  This business model of selling within the village redu

etti g up a distribution network (downstream) and obtaining market intelligence, which is al

managed by the local SHG.  Regard

 

BISWA Recommendation 
BISWA should apply the Bhudapadan business model to village

 

recharging station that can servic

 to buy their own lighting technologies for within their homes, but it will not be necessary for 

them to cover the cost of the SPV, charge controller, or battery necessary for a SHS.  The recharged 
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twelve volt batteries will be rented from the SHG in much the same manner as the rechargeable AA 

batteries are rented from the SHG in Bhudapada, and given the greater power capacity of a twelve 

volt battery, the villagers can use their rented battery to power anything from fans to televisions.  The 

batteries could even be used to help keep medical supplies cold.  The advantage of the micro-

enterprise model remains in that there will be only one point of contact with SHS manufacturers and 

the SHG will earn revenue from villagers who are gaining from getting a renewable power source 

cheaply and reliably from within their own village.  The higher costs for this microenterprise will be 

covered by the higher incomes earned within that village and the villagers will enjoy a higher quality of 

fe.  The costs of such a proposed system can be seen in the following table. 

G capital investment. 

li

Table 8: Example village SH

SHG: Micro-utility

Capital Investment Quantity Costs (Rs) Costs (USD)
Solar home system 6 78,000Rs       1,950$   
Rechargable 12V batteries 30 84,000Rs      2,100$   

Loan to SHG 162,000Rs    4,050$   

 
 

These costs are much higher, but as previously mentioned, it is expected that they will be affordable 

in some of the wealthier villages in which BISWA has set up SHGs and demonstrates the flexibility of 

the micro-utility business model.  The relative advantages of a model using twelve volt batteries and 

accompanying lighting technologies compared with a model using AA rechargeable batteries and 

LED lamps are shown in Table 9. 

Table 9: Comparison of Bhudapada and proposed scaled model. 

     LED Lamps / AA Batteries Solar Home System/12V Batteries

Benefits Rating Benefits Rating
Duration of use Low Duration of use High
Increased Safety Medium Increased safety High
Light source mobility Medium Light source mobility Low
Light source quality Low Light source quality High
System Adaptability Medium System Adaptability High

Overall Low Overall High

 
 

Scaling this micro-utility will benefit BISWA and the villages in which BISWA has established 

SHGs.  BISWA has always worked to set up microenterprises that are market-driven.  BISWA 

allocates considerable time and effort in determining which businesses will be successful before they 

are implemented.  Therefore, BISWA can save on many of these administrative costs by 
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implementing this proven business plan across all of its SHGs.  This recommendation successfully 

incorporates the villagers as both producers and consumers.  In addition, applying a proven business 

model will save the organization valuable human resources as well as administrative costs.  With 

increased demand, BISWA will enjoy economies of scale (discounted prices based on a high 

purchase volume) and village growth.  In addition, each microenterprise will yield a positive financial 

return for BISWA.  This profit along with any savings the organization makes can be put towards new 

micro-enterprises.  As the organization grows and continues to provide light, the rural people of India 

will have opportunities to develop.  More importantly, BISWA will help bring people dignity, 

opportunity, and a greater quality of life. 
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Appendix A: Acronyms 
 
ASCAs: accumulated savings and credit associations 
BISWA: Baharat Integrated Social Welfare Agency  
BoP: Base of the Pyramid or Bottom of the Pyramid 
ESCO:  energy service company 
FINCA: Foundation for International Community Assistance  
LED: light emitting diodes 
LPG: liquid petroleum gas 
MFI: microfinance institution  
MW: megawatts 
NGOs: non-governmental organizations  
NPV: net present value 
OSEB: Orissa State Electricity Board   
PV: photovoltaic  
PV-ESCO: Photovoltaic Energy Service Company  
ROSCAs: Rotating Savings and Credit Associations  
SELCO: Solar-Electric Lighting Corporation 
SHG: self-help group  
SHS: solar home lighting system(s)  
Sida: Swedish International Development Agency  
SO-BASEC: Solar Based Rural Electrification Concept  
SPV: solar photovoltaic 
TERI: Tata Energy Research Institute 
UNDP: United Nations Development Program  
 
 



Appendix B: BISWA Business Structure 
 

 
 
Source: Mrs. Joyasree Mahanti Presentation to Asha for Education, October, 14, 2006  
 
  



Appendix C:  Orissa Energy Project Survey - Village 
 
Name of village: _____________________________ 
 
 
Village population: _______ 
 
 
Number of households in village: _______ 
 
 
Number of schools in village: _______ 
 
 
Number of businesses / commercial enterprises in village: _______ 
 
 
3 most common types of employment in village: 
 

1. 
 
 
2. 
 
 
3. 

 
Description of village government: 
 
 
 
 
 
 
What services are provided locally by village/regional/state/national governments? 
 
 
 
 
 
 
Does anybody do tasks for the whole village?  Are they paid?  If yes, how? 

 



Orissa Energy Project Survey - Household 
 
Survey to be given to mother of household. 
 
Name of village: _____________________________ 
 
Household Characteristics 
 

Number of people in household: _______ 
 
Number of generations in household: _______ 
 
 

Gender 
(M/F) 

Age 
(years) 

Can 
read? 
(Y/N) 

Can 
write? 
(Y/N) 

Attends 
School? 

(Y/N) 

Grandmother F     

Grandfather M     

Mother F     

Father M     

Child 1      

Child 2      

Child 3      

Child 4      

Other: 
 
_________________ 

     

Other: 
 
_________________ 

     

Other: 
 
_________________ 

     

Other: 
 
_________________ 

     



Household Income/Employment 
 

Description of 
Income Source Earned By 

Consistency 
(constant / 
seasonal / 
sporadic)* 

Method of 
Payment (cash / 

goods / 
services)** 

    

    

    

    

 
* If seasonal or sporadic, please describe why. 
** If goods or services, please describe what goods or services they are. 

 
Estimated monthly income that would allow for the household’s basic necessities 
to be met?: 

 
 

Housing 
 



Owner of land house located on: (circle answer) 
 

  

Private 
(own) 

Private 
(other) 

Government Don’t 
Know 

Other: 
 
_____________ 

 
 

What materials is the house made of? 
 
 
 
 
 
 
Number of rooms in house: _______ 
 

 
Fuel 

 
Type(s) of fuel used for cooking?  (circle all that apply) 
 

kerosene 

bio-fuel (wood, etc.) 

electricity – batteries 

electricity – grid 

dung 

other: ______________________________________________ 

other: ______________________________________________ 

 
 
 
Type(s) of fuel used for light?  (circle all that apply) 
 

kerosene 



bio-fuel (wood, etc.) 

electricity – batteries 

electricity – grid 

dung 

other: ______________________________________________ 

other: ______________________________________________ 

 
 
What are sources of fuel(s) used for cooking and light? 
 

kerosene: ___________________________________________ 

bio-fuel (wood, etc.) : __________________________________ 

electricity – batteries: __________________________________ 

electricity – grid: ______________________________________ 

dung: ______________________________________________ 

other: ______________________________________________ 

other: ______________________________________________ 

 



 

Is fuel 
collected / 

purchased / 
both? 

If fuel is 
collected, how 

often? 
(daily / weekly 

/ monthly / 
other) 

How much 
time (hours) 

for each 
collection?* 

If fuel is 
purchased, 
how often? 

(daily / weekly 
/ monthly / 

other) 
How much 

time (hours) 
for each 

collection?* 

If fuel is 
purchased, 
how much 

does it 
cost per 

unit? 

How 
consistently 
available is 

fuel? 
(always / 

usually / rarely 
/ almost never)

Who usually 
collects this 

fuel? 

kerosene      
 

bio-fuel (wood, etc.)    
 

  

electricity – batteries    
 

  

electricity – grid    
 

  

dung      
 

other: 
 
____________________ 

      

other: 
 
____________________ 

      

 
* If fuel is delivered, enter “0”.

 



 
Household activities that use the most fuel (top 3): 
 

1. 
 
 
2. 
 
 
3. 

 
 
Household Needs & Aspirations 
 

What are the most significant challenges the household is facing? 
 
 
 
 
 
 
 
How do you see these challenges being eliminated? 
 
 
 
 
 
 
 
What would you do if you had electricity in the village?  How would your 
life change (better and worse)? 
 
 
 
 
 
 
 
What would you do if you had electricity at home?  How would your life 
change (better and worse)? 
 
 
 

 



 

Appendix D: Village Financial Evaluation Model 
 
 
 
 
 

 



Appendix E:  Project Team Bios 
 
Project Advisor 
 

 
 
Professor Tom Lyon, PhD  tplyon@umich.edu 
Professor Lyon's current research deals with the interplay between corporate strategy and public 
policy, including corporate environmentalism, electric utility investment practices, natural gas 
contracting, innovation in the health care sector, and the introduction of competition in regulated 
industries. His book Corporate Environmentalism and Public Policy was published by Cambridge 
University Press in November 2004. Professor Lyon serves on the editorial board of the Journal 
of Regulatory Economics, and his research has been published in such journals as the RAND 
Journal of Economics, the Journal of Law and Economics, the Journal of Public Economics, the 
Journal of Economics and Management Strategy, and the Journal of Law, Economics and 
Organization. 
 
 
Project Team 
 

 
 
Angela Flood-Uppuluri   flooda@umich.edu 
Angela concentrates on carbon reduction strategy in the developing world for major 
manufacturers. She has spent her two summers during the Erb program interning for Cummins 
Inc, most recently implementing a global carbon reduction strategy for the company.  She has a 
background in urban planning, project management, and manufacturing policy. Prior to coming to 
Michigan, Angela was the Policy Director of the Michigan Manufacturing Technology Center. 
Currently, Angela is the Professional Development VP of the Ross Energy Club where her big 
project is the production of “Carbon 101” the first ever student symposium at the University of 
Michigan about the intersection between carbon and business.   
 

 



 
 
Rupal Shroff  rshroff@umich.edu 
From engineering to business, Rupal has trekked across the automotive industry following a 
desire for greater social responsibility. It is this passion for change that has led her to the Erb 
Institute, where her ultimate goal is to create value for shareholders through the development of 
economic environmental solutions for corporate strategy. For the past 5+ years, Rupal has held 
various jobs in design, manufacturing and strategy. As a business planner for Visteon 
Corporation, she developed strategic alliances with competitors to ensure product viability. She 
currently works as a fuel systems engineer for Ford Motor Company. Her primary responsibility is 
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