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ABSTRACT

Household solar power is considered to be a clean, carbon-free solution for remote rural areas that are
off the regular electricity distribution grid. This is particularly attractive in less developed countries (LDCs)
where household power needs in remote rural villages are minimal and can be supported by small scale
solar installations. In Bangladesh, about 70% of the rural population is currently living off the grid – using
biomass for cooking and kerosene lamps and candles for lighting. Small scale solar solutions thus offer a
cost-effective solution for the government controlled power sector to begin to deliver electric power to
this population through non-governmental enterprises. Under an initiative by the Government of
Bangladesh with grants from the World Bank, Global Environment Facility, Asian Development Bank and
other donors, about 650,000 solar home systems have already been installed in off-grid areas between
2003 and 2010 with a goal to finance 1 million homes by the end of year 2012. In addition to power
generation, these types of projects are attractive as climate change mitigation initiatives in LDCs, including
Bangladesh, that are currently primarily focused on adaptation programs. However, from a consumer
perspective, solar power is still expensive on a per kilowatt-hour basis - even when compared to other offgrid solutions such as small generators. Using technical analysis, key informant interviews and field
surveys, this paper investigates the economics of selected household solar projects in Bangladesh in
comparison with other available off-grid solutions. Specific attention is given to equity analysis of the
financing of solar power and final cost to consumers. While the wider benefits of solar power in reducing
the external cost of power generation and combating global climate change are well known, this paper
explores the question of whether such benefits are being equitably paid for and proposes alternative
solutions that are economically and environmentally sustainable and at the same time ethically just.
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1. INTRODUCTION
In the quest for development on a global level, rural electrification is an important challenge – particularly
in terms of providing opportunities for a better quality of life for the world’s poor. More than 1.6 billion
people around the world are still without electric power – most of them in off-grid rural areas in
developing and less developed countries (LDCs). About 40% of rural population worldwide is without
power. Regions that are lagging behind the most are South Asia with about 70% and Sub-Saharan Africa
with about 90% of the rural population living off-grid (Zerriffi, 2011). According to Chakrabarty et al
(2011), another 2 billion people in the world are underserved despite having access to grid electricity. In
Bangladesh, about 70% of the rural population is living in areas without electricity supply (Urmee et al.,
2009; Chakrabarty et al., 2011) – more than 50% of them being landless and marginal farmers (Biswas et
al., 2004). Currently, these people are primarily using kerosene lamps and candles for lighting. Two
aspects of these rural households are noteworthy: 1) these households are generally more widely
dispersed over the landscape and located in remote areas often separated by a river or some other
natural barrier from the nearest electricity grid; and 2) these households have very low power needs (and
affordability) per household. These make it difficult to incorporate them with the electricity grid –
requiring expensive financial investment in infrastructure such as power stations, substations, long
transmission lines across unfavorable terrains, etc. (Zerriffi, 2011; Komatsu et al., 2011). Therefore, a
small-scale, distributed solution of power generation is needed to deliver electricity in a convenient and
cost-effective manner to these households.
In the quest for development to be sustainable, it is also important to the global community that, to the
extent possible, new power generation is based on renewable, carbon-free sources. This is not only
because of the chain of land, water and air pollution over the life cycle of most conventional fossil fuel
sources of electricity, but also because energy-related carbon emissions are the primary contributor to
global climate change. Grid expansion means continued dependence on fossil fuels and potentially
incremental emissions of greenhouse gases (Komatsu et al., 2011). This challenge presents a dilemma for
the off-grid rural population in LDCs. On the one hand, they have near-zero contribution to the current
causes of climate change and, therefore, are least obligated to make compromises to mitigate
greenhouse gas (GHG) emissions. On the other hand, most of these rural communities are located in
coastal or flood-prone areas that are also highly vulnerable to rising sea levels and the effect of extreme
weather events on crop production caused by global climate change. Any initiative, local or global, that
reduces the impact of climate change would be beneficial to them. The cumulative GHG emission from
least developed countries is less than 1%, while the cumulative emission from OECD countries is more
than 50% of global GHG emissions. However, the LDCs are expected to experience rapid growth in energy
use in the coming decades and total CO2 emission is expected to increase more than 10-fold during 20052035 (Mondal et al., 2010).
Solar home systems (SHSs) offer a possible win-win solution to the two challenges described above.
Small- scale solar systems can be installed in individual households with the desired capacity that would
meet their needs, create a pollution-free indoor environment, and at the same time contribute towards
mitigation of climate change. This paper investigates the evolution of SHSs – particularly in Bangladesh –
and explores whether a government-supported nationwide deployment of SHSs in Bangladesh is:
delivering the perceived benefits of electrification; maintaining quality of service and reliability; being
cost-effective for the end users; and achieving equitable distribution in terms of financing schemes and
access to this technology. The equity aspect of the SHS solution to electrification is further analyzed in the
context of global initiatives and financing for reducing greenhouse gas emissions to verify whether the
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extra burden of mitigation is being unfairly borne by the poorest and least responsible people of the
world.
1.1 Evolution of SHSs
Solar home systems have been evolving worldwide since the late 70’s and early 80’s. In developed
countries, these have often been pioneered by visionary individuals motivated to conserve energy,
increase the share of locally sourced electricity and energy independence, and reduce environmental
impacts through personal actions. Over the years, varying degrees of federal and state level support have
made adoption of solar home systems more affordable in North America, many European countries, and
in some Asian countries. However, household energy demand is significantly higher in transitional
economies and developed countries than developing and least developed countries. Electrification rate in
transitional economies and OECD countries is nearly 100% for urban population and about 98% for rural
population (Zerriffi, 2011) with the typical sizes of solar home systems ranging from 1.6kW to about 6kW.
In the world’s first solar electric neighborhood in Gardner, Massachusetts, 30 solar homes are each fitted
with a 2kW grid connected system. Pal Town Solar City in Japan has 550 homes - each outfitted with a
4kW system (Kamal, 2011). Trail Magic, a positive energy, climate neutral home in Oberlin, Ohio built by
Professor Carl McDaniel, is powered by two solar arrays totaling 5.2kW (see figure 1).

Figure 1: Trail magic in Oberlin, Ohio, USA with 5.2kW solar system
(Photo by Md Rumi Shammin)
The demand for electricity in rural areas in LDCs is much less than the above examples – where typical
solar home systems range between 20W and 100W. The number of small-scale SHS projects has been
steadily increasing in the developing countries of Asia, South America, and Africa since the 90’s with
nearly a million SHSs installed by the year 2000. This growth has accelerated in the new millennium with
significant momentum documented in several South Asian countries including Sri Lanka, India, and
Bangladesh (Komatsu et al., 2011).
1.2 Layout of a Typical Small-scale SHS System
There are few important differences between the larger solar home systems installed in developed
countries and the small-scale solar home systems in LDCs. First, almost all SHSs in developed countries
use an inverter to convert the DC power generated by the solar panels to AC power used by household
electrical equipment. Contrarily, most SHSs in LDCs use DC powered equipment without needing an
inverter – thus reducing both capital and maintenance costs. Second, SHSs in developed countries often
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have the option of installing grid connected systems that do not require the use of a battery (even though
some people prefer to install a battery back-up system while being grid connected) and taking full
advantage of the power generated by the solar panels by receiving payments for net positive contribution
to the grid (provided the utility company has a net-metering policy). Almost all the SHSs installed in LDCs
use a battery to store power during the day in order to have access to electricity after hours. Especially in
rural off-grid locations, there is no alternative to using batteries. Figure 2 shows the picture of a solar
home system on the roof of an off-grid rural home in the south-western region of Bangladesh.

Figure 2: SHS on the roof of rural off-grid homes in Batiaghata, Khulna, Bangladesh.
(Photo by Md Rumi Shammin)
Typical SHSs installed in rural off-grid communities include solar panels mounted on the roof or poles to
convert sunlight into useful electrical energy, an industrial grade battery to enable deep cycling, a charge
controller to regulate the charging and discharging of the battery, connection wires and switches, and DC
powered lights, fans, and appliances (see figure 3).

Figure 3: Typical solar home system components (Mondal, 2010).
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One concern often raised regarding SHSs in rural households in LDCs is whether the technology is
compatible with these communities in terms of performance and maintenance. It is, therefore, important
to evaluate the warranty on the equipment and accessories and post-installation support by the public,
non-governmental organization (NGO) or private company that install these systems.
1.3 Potential Benefits of SHSs in LDCs
The benefits of extending electric power to the off-grid population are well documented in the literature.
SHS connected lighting provides better illumination and longer hours of availability without health risks
from on-site pollution from kerosene or candles. This allows for increased and more efficient
studying/reading opportunities for children. After hour access to adequate lighting makes way for new
income-generation opportunities such as tutoring, mobile phone charging service, etc. The ability to have
more time to attend to household chores after hours makes it possible for women to dedicate more time
to productive activities during the day. Electric power also opens up the possibility of installing fans for
comfort on hot days and provides rural population access to modern amenities such as radio, television,
mobile phones, etc. In general, many of the benefits of the SHSs are skewed towards women and
children. (Barnes, 2007; Biswas, 2002; Komatsu et al, 2011).
1.4 Lessons from Early Adopters of SHSs
Martinot et al. (2001) reported lessons from twelve projects funded by the World Bank and Global
Environmental Facility that provided energy services to off-grid rural households in developing countries
in the 90's. The following lessons were documented from these early experiences:
 solar home system delivery firms face a myriad of difficulties operating in rural areas;
 credit risk is a serious concern of both financiers and dealers and makes credit sales particularly
challenging;
 technical performance of systems is becoming well-proven;
 customers desire a range of component options and service levels and can benefit from even
small systems;
 projects must recognize the link between rural electric-grid extension and solar home system
demand; and
 marketing campaigns can be extremely costly and time consuming in rural areas.
The authors argue that the challenges are to demonstrate sustainable and replicable business models,
develop regulatory models for energy service concessions, and integrate rural electrification policy with
solar home system delivery.
1.5 Economics of SHS in Rural Off-grid Communities
The economics of SHSs in rural off-grid communities involve careful consideration of costs and benefits
against the level of affordability of the households. The first question is: do the SHSs cost more than what
these households previously spent on traditional sources of energy for services that are now provided by
electricity? If the answer is no, then the SHSs are definitely cost effective for these households –
particularly since they now have access to additional benefits as mentioned in section 1.3. If the answer is
yes, then the subsequent question is: do the additional benefits (monetary and social) measure up to the
extra cost of obtaining SHSs? The answer to this question is more complicated since many of the social
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benefits are difficult to quantify and monetize. One way to address this complexity is to conduct field
surveys to assess whether the households perceive the benefits to be worth the extra cost.
Another aspect of the cost of the SHSs is that it involves both capital cost and potential maintenance
costs. If maintenance costs are embodied in the financing mechanism of the SHSs or handled via warranty
and customer service, then it is possible to assess the total cost over the life of the SHSs.
Finally, in terms of development goals of the Government of Bangladesh to provide electric power to all
by 2020 (Mondal and Islam, 2011), the cost of delivering electricity via SHSs would be compared with grid
expansion, locally distributed generation by small centralized plants, or even the less likely option of
small-scale diesel generators. This aspect of SHS cost-effectiveness will not be addressed directly in this
paper.
1.6 Equity Concerns related to SHS
Equity concerns related to SHSs arise in both local and global contexts. At the local level, SHSs may not be
available to the relatively poorer households in rural communities. This is especially applicable if the
financing mechanism involves significant upfront costs. At the global level, if one benefit of expanding
SHSs in off-grid rural communities is to help mitigate climate change, then should the countries that are
historically more responsible for GHG emissions partially subsidize these ventures? This is particularly
relevant if the households adopting SHSs are now spending more than what they previously spent on
traditional sources of energy.
2. SHS INITIATIVES IN BANGLADESH
Bangladesh is blessed with an abundance of solar radiation that can be used to harness solar energy. The
average daily solar radiation varies between 3 and 6.5 kWh/m2 - with a maximum during the months of
March-April and a minimum during the months of December-January (Islam et al., 2006; Chakrabarty et
al., 2011). Coupled with the fact that nearly 70 million people live in off-grid, often remote rural areas,
small-scale SHSs appear to be an attractive method of delivering electricity to the rural population.
Historically, Bangladesh Atomic Energy Commission (BAEC) initiated several pilot solar photovoltaic
systems in the 90’s. The first significant rural solar initiative was the Norshingdi project implemented with
financial support from France. The project involved installation of several battery charging stations with
about 30kW total capacity and a few individual solar home systems (SHS) with a total capacity of about 33
kW. The systems were owned by Bangladesh Rural Electrification Board (REB) and the households under
the program paid a monthly fee for the services. The penetration of SHSs began to increase in late 90’s –
with Grameen Shakti , an affiliate of the Grameen Bank, leading the charge along with Bangladesh Rural
Advancement Committee BRAC) and a few other NGOs following suit. (Islam et al., 2006)
In order to bridge the financing gap for developing medium and large-scale infrastructure and renewable
energy projects in Bangladesh, the Infrastructure Development Company Limited (IDCOL) was established
on 14 May 1997 by the Government of Bangladesh (GOB). The Company was licensed by Bangladesh
Bank as a non-bank financial institution (NBFI). The company now stands as the market leader in private
sector energy and infrastructure financing in Bangladesh. IDCOL is managed by a seven-member
independent Board of Directors comprising four senior government officials, three prominent
entrepreneurs from the private sector and a full time Executive Director and Chief Executive Officer. It has
a small and multi-skilled work force comprising economists, financial and market analysts, engineers,
Draft ISEE2012 Paper| May 10, 2012

7

lawyers, IT experts and accountants. IDCOL's stakeholders include the government, private sector, NGOs,
multilateral institutions, academics and the people of Bangladesh at large. (IDCOL:
http://www.idcol.org/index.php)
IDCOL promotes dissemination of solar home system (SHS) in the remote rural areas of Bangladesh
through its Solar Energy Program with the financial support from the World Bank, Global Environment
Facility, Kreditanstalt für Wiederaufbau (KfW), Deutsche Gesellschaft für Technische Zusammenarbeit
(GTZ), Asian Development Bank and Islamic Development Bank. IDCOL started the program in January
2003 and its initial target was to finance 50,000 SHSs by the end of June 2008. The target was achieved in
September 2005, 3 years ahead of schedule and US $ 2.0 million below estimated project cost. IDCOL then
revised its target and decided to finance 200,000 SHSs by the end of 2009. This was also achieved by May
2009. Now IDCOL’s target is to finance 1 million SHSs by the end of year 2012 and is expected to achieve
that target well ahead of schedule. Based on these numbers, IDCOL’s Solar Energy Program is one of the
fastest growing renewable energy programs in the world.
IDCOL implements the Solar Energy program through 30 partner organizations (POs). IDCOL provides
grants and refinance the SHSs. They also set the technical specifications for the solar equipment, help
develop publicity materials, train POs for capacity building, and monitor the performance of POs. The POs
on the other hand are responsible for identifying project sites and potential customers and offer microcredit programs to the customers. They work in the front lines and are mandated with installing and
maintaining the systems, supply spare parts, build awareness and understanding about SHSs in target
communities, and provide user training. POs are free to develop their own research and development
programs in order to reduce system cost and to improve system quality and reliability. (Urmee et al.,
2009).
3. RESEARCH QUESTIONS
This paper will investigate three broad research questions by focusing on SHS initiatives in Bangladesh :
1. Is small-scale Solar Home System (SHS) a cost-effective solution for off-grid rural households in LDCs?
2. Who receives the subsidy on SHS and what ethical/equity issues are associated with this?
3. How sensitive is the rate of adoption of SHS to different income group in rural areas? Is it possible to
re-align the scheme to make it for effective for poor households?
The answers will inform the research community about the economics and ethics of SHSs as a solution to
providing electric power to remote off-grid rural communities in LDCs.
4. METHODS
This paper is based on extensive literature review, secondary data collection, and field surveys. Since
there is now more than a decade of SHS installations in Bangladesh, there are several research papers
published in international journals that have investigated different aspects of the questions posed in this
paper. This research reviews and summarizes the lessons learned to provide a holistic and coherent
understanding about the economics and ethics of SHSs. One paper in particular (Komatsu et al., 2011)
approached similar questions and conducted an earlier survey in 2009 focusing primarily on projects
implemented by Grameen Shakti in the districts of Kishoreganj, Manikganj, and Comilla. This paper is
based on a similar survey conducted in 2012 in the south-western districts of Khulna and Bagherhat
implemented by a different PO. The prior research by Komatsu et al. (2011) is used in this research both
as baseline and for comparison.
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Secondary data collection involves contacting vendors, private companies and NGOs to document the
costs and issues related to alternative sources of electricity – especially diesel generators. Some of this
information is drawn from brochures and leaflets.
Finally, a comprehensive field survey was carried out in the districts of Khulna and Bagherhat in the southwestern coastal region of Bangladesh to understand quality of service of SHSs, demographic composition
of SHS users, and whether cost-effective alternative exists for these households or whether a policy-shift
could have make this scheme more efficient. The SHSs projects surveyed were implemented by IDCOL’s
7th largest PO: Bangladesh Rural Integrated Development for Grub-Street Economy (BRIDGE). BRIDGE
had 15,779 installations (as of November 31, 2011) in 7 districts. In the Khulna and Bagherhat districts,
BRIDGE had about 7,000 SHS installations at the time of the survey.
Random samples were drawn from ten different BRIDGE project locations. The initial sampling involved a
goal of 1000 surveys distributed over the ten branches. 50% of the surveys (n=500) were carried out with
households currently using SHS and the remaining 50% (n=500) surveys were carried out with non-SHS
users from the same general area. The purpose of surveying the two groups was to determine equity
issues regarding access to SHS, have a control population to document changes achieved by SHS
implementation, and carry out economic analysis of potential expansion of SHS market in response to
cost reduction. In relation to the last purpose, a choice experiment system was developed where each
subsequent household surveyed was given one of several choices regarding its interest in reduced pricing.
This goal here is to estimate the price elasticity of demand for SHSs in these communities.
The SHS user survey includes questions to gather data on: demographics (name, age, income, occupation,
family size, education, etc.), satisfaction, user-friendliness, cost, maintenance, past energy use, present
energy use, quality of life (before/after), idea of alternatives, perception of opportunity cost , etc. The
non-user survey includes questions to gather data on: demographics (same variables as before), present
energy use, unmet energy needs, idea of alternatives, perception of opportunity costs, and willingness to
pay for SHS. Both questionnaires include questions targeted to barriers, benefits, and ethics/equity.
The final sample count is shown in table 1 and a map of the study area is shown in figure 4. The survey
questionnaires are attached in Appendix A.
Table 1: Sample count from field surveys.
District

Branch

SHS User

Non-SHS user

Rampal-1
Rampal-2
Mongla-1
Mongla-2
Kachua
Chitalmari
Kasimpur

47
28
40
34
24
39
65

50
32
53
34
25
39
60

Dacope
Batiaghata-1
Batiaghata-2

64
89
70
500

61
78
68
500

Bagherhat

Khulna
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Figure 4: Map of the study area in the Khulna and Bagherhat districts
5. RESULTS
This section includes results from the literature review that address the main research questions. The
secondary data collection and field surveys were completed in the months of March and April of 2012. At
the time of writing this paper, data entry work was underway. Results from secondary data and field
surveys will be presented at the ISEE2012 conference and an updated paper will full results will be
uploaded at that time. Below, lessons from past studies on various aspects of SHSs in Bangladesh with
some preliminary observations from the field surveys are presented.
5.1 Performance and Maintenance of SHSs
Chowdhury et al. (2011) developed a matrix for analyzing the performance and maintenance of SHSs
installed in Bangladesh (see table 2). Their research studied 60 SHSs (between 1 and 7 years old)
randomly drawn from four different locations (Nalitabari, Haluaghat, Paikgacha, and Galachipa). Their
research revealed various technical and organizational shortcomings. The design of the installed SHSs
suffered from over or under-sizing of system components and underperformance of the components with
respect to the approved guideline and specifications. There were issues found with the placement of solar
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panels. Some of the flooded-cell batteries used were sub-optimal and in some cases posed health and
safety risks. At the upper-organizational level, they identified a need for updating specifications and
guidelines in order to keep up with technological developments. The projects also needed to have a
process of learning and adapting based on lessons learned from SHS projects in Bangladesh and
elsewhere. At the grassroots level, they identified a need for better training of the field operatives. The
field offices also lacked proper equipment and facilities to support operation and maintenance of the
systems. The above findings suggest an overall need for better design, management, implementation and
support for the SHS projects and do not necessarily indicate technical issues with the performance of the
SHSs if they are properly installed and maintained. In fact, Biswas (2002) reports that SHS users clearly
prefer the quality of light provided by the SHSs compared to the kerosene lamps they used before. They
also like the ability to power television, radio and fan. Finally, they like the fact that solar systems do not
suffer from load shedding – a common planned power outage that happens frequently in grid electricity
delivery system in Bangladesh.
Table 2: Field tests and observations for SHSs (Chowdhury et al. 2011)

5.2 Benefits of SHSs
SHSs have been demonstrated to provide a range of benefits consistent with the ones described in section
1.3. Monetary benefits include savings from reduced kerosene use, access to new income generating
activities (cell phone charging service, tutoring, more daytime work hours for women), savings in terms of
reduced travel cost (or opportunity cost of time) to buy kerosene. Urmee (2009) reports that about 40%
of the households with solar home systems use it for income generation – directly or indirectly. Komatsu
et al. (2011) documented the benefits of lighting as perceived by the 304 SHS users surveyed and found
an overwhelming majority of the sampled households experiencing multiple benefits from SHS powered
lighting (see figure 5). Respondents who use SHS for television viewing also revealed that they now have
access to news and entertainment and enjoy social interactions with neighbors who visit to watch
television together. A significant percent of households reported the benefit of being able to charge
mobile phones at home. Probably the first major technological intervention that permeated into even the
most remote areas of Bangladesh was the expansion of the mobile phone network. However, without
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electricity, households either couldn’t own mobile phones or had to travel and pay for the service of
recharging their mobile phones.

Figure 5: Benefits of electric lighting for households (Komatsu et al., 2011)
During field surveys conducted as part of this paper, informal conversations with SHS users informed that
they enjoy the pollution-free indoor environment. A divorced, self-employed woman reported doubling of
income from tutoring kids after hours.
5.3 Economics and Equity of SHSs
Biswas et al. (2004) reports that solar electricity is significantly cheaper than diesel generators at the
household level in rural off-grid areas of Bangladesh. This is due to poor economy of small scale, where a
low electricity consumption is not worth the associated infrastructure costs (i.e., cables, generator). They
also find that the substituting kerosene lamps with straight tube fluorescent lamps (SFLs) would be viable
as well – yielding positive net benefits. Mondal (2010) conducted six case studies of off-grid SHS users and
on average found short payback periods (less than 3 years), positive NPVs and large IRRs (over 39%) – thus
indicating SHSs as attractive investments. Considering that many existing financing schemes are designed
for three years, the SHS appears to be cost effective.
Mondal (2010) also found that for households not engaged in any kind of income generating activities, the
payback period is longer. He argues that in such cases the social and environmental benefits need to be
internalized in cost-benefit analysis. For example, two kerosene hurricanes produce 292 kg CO2 per year if
used at the rate of 4 hours per night. If per ton CO2 reduction cost is about 240 Taka (US$ 3) in
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Bangladesh, then this represent a climate mitigation benefit of 70 Taka per year. If the cost of reducing
CO2 emissions is calculated at the current rate in US or European markets, then the value of this benefit
would be even higher. However, this is a global benefit and a good reason for channeling external grant
support for SHSs in countries like Bangladesh. Also, note that over the life of the system (claimed to be
more than 5 years for battery and more than 10 years for the panels), the yearly emission reduction
would amount to a more significant number for an average 50W system replacing at least four kerosene
lamps.
Currently, SHS users under the IDCOL program receive approximately 10% of the cost through grant
money. POs may receive an even smaller percent support for institutional development. The households
have to make a 15% down payment of the remaining 90% balance. The rest of the cost is micro-financed
at rates between 6% and 12%. At 12% flat interest over a three year period the total interest paid
amounts to about 27.5% of the original price before grant support. At 6% flat rate, the total interest paid
amounts to about 13.75%. When compared to external grant support, even at the lowest interest rates
observed in the field (6%), the total interest paid by the household over the three year life of the loan is
greater than the amount of grant support offered to them. The focal point here is that even though the
SHS projects in Bangladesh have been largely described as supported by external grants, in reality most of
the costs are borne by the consumers through micro-credit programs.
Another consideration regarding cost is whether the households are spending more or less compared to
their previous energy sources. Komatsu et al. (2011) reports that the monthly payment for SHSs are
significantly higher than previous energy expenditure. This is not inconsistent with results reported
earlier regarding replacing two kerosene lamps with two SFLs. In reality, the average solar panel supports
more than two SFLs and provides more services. Hence the households are spending more overall, but
enjoying more services and greater benefits. Unless the household is engaged in new income generating
activities using SHSs, many of these remain as non-monetary benefits. An ethical argument can be made
for more equitable provisions where these benefits are subsidized by national and international programs
for sustainable development and climate change mitigation.
Finally, it has been observed during the field surveys and also documented in several studies cited earlier
in this paper that access to SHSs is still restricted to the relatively more affluent households in these
remote rural off-grid communities. This is due to the substantial down payment and larger monthly
payments that are associated with SHSs. Komatsu et al. (2011) conducted a choice experiment to find
that a 10% discount in price can expand the market of SHSs anywhere from 30% to 60%.
6. CONCLUSIONS
Based on the results reported in section 5, it is evident that SHSs deliver a range of benefits to rural offgrid population in LDCs that contribute to higher quality of life. The technology appears to be reliable and
the receiving communities seem to be adapting well with this new technology. However, design,
management and implementation related issues often result in lower performance and reliability. There
are also shortcomings that have been identified in terms of the quality of maintenance and post-sale
services to consumers. These can be addressed by organizational interventions at various levels and
through targeted quality control and training programs. The overall system needs to be a learning system
so that it can adapt to new advancements in technology.
The economics of SHSs are more complicated as it is intertwined with ethical and equity issues. The SHSs
are costlier than prior energy expenditure by the households and can only be afforded by the relatively
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more affluent people in the receiving communities. However, they also provide a range of benefits that
directly improve both economic and social well-being of the households. Many of these benefits are
difficult to quantify and monetize. If some of the social benefits are subsidized by national development
funds and if the more widely distributed benefits of reduced environmental pollution and mitigation of
climate change are subsidized by international financing mechanisms, then the cost of the SHSs would go
down. This will allow for more homes to be powered by SHSs in off-grid rural areas in LDCs – thus
creating a positive cycle of human development and environmental stewardship.
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APPENDIX A
Two questionnaire surveys are attached in the following pages – one designed for SHS users and the other
designed for SHS non-users.
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