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SUMMARY

Light Up The World Foundation (LUTW) is an international humanitarian organization affiliated
with the University of Calgary, Alberta, Canada dedicated to illuminating the lives of the world’s
poor. It is the first humanitarian organization to utilize solid-state lighting technologies to bring
affordable, safe, healthy, efficient, and environmentally responsible lighting to people currently
without access to proper lighting. LUTW remains the world’s leader, globally active and setting
standards in this field. The Light Up the World Foundation (LUTW) has provided solid-state
lighting to villages in Sri Lanka in July of 2002. Since then LUTW along with local groups have
installed solid-state lighting in close to four hundred homes located off of the grid. LUTW’s use
of the 1 watt LED in their lighting system is a revolutionary advancement in providing a durable,
efficient and appropriate lighting solution.

This report documents a social and economic survey and analysis of LUTW?’s installations in
three separate regions in Sri Lanka. The goal of this research is to improve LUTW’s capacity to
deliver products with meaningful development impacts. The research objective of this project is
to evaluate technical, social and economic impacts of LUTW products on off-grid areas.

The research entailed interviewing approximately one third of the LED-lit population households
in the 5 target villages in Sri Lanka, as well as meetings with opinion leaders and village groups.
A major area of quantitative research is the change in household lighting patterns and savings
from decreased lighting costs. Qualitative factors were also researched to determine levels of
user satisfaction and so on. The research for the paper was conducted over fifteen days in July
and August 2004 and was funded by anonymous donors to Light Up the World foundation.

Savings of fuel and money was the most significant quantitative benefit identified by research.
Table 1 lists household savings in kerosene derived as a result of the use of 2 LED lamps per
household.

Table 1: Household Reductions in Kerosene and Expenditures after installation of 2 LED

Lamps
Income Reductions in:
# lanterns | Kero use Kero Exp Kero Lamp

L/month LKR /month | Use Hrs/night
Low 2.0 3.4 123.4 12.7
Med 2.1 3.4 1155 16.0
Hi 25 3.9 137.4 16.9
Average 2.2 35 124.8 15.3

Generally one LED light replaced one kerosene lantern except for high income groups who
reduced their kerosene lamp use even more. As a result, on average, the 2 lamps reduced
kerosene lamp use by 15 hours and meant that a household saved 125 LKR by using 3.5 Litres
less kerosene per month. There were significant differences in savings amongst income classes.
Low income groups tended to have higher money savings because they most often lived in very
remote locations and paid more per litre for kerosene. High income groups tended to reduce the
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number of kerosene lamps which they used more than low and medium income groups. This
meant they could enjoy greater reductions in kerosene fuel use.

A number of conclusions may be drawn from this evaluation. After survey of lamps that had
been used in households from 6 to 24 months it was found that:

1. The impacts of renewable energy powered LED lighting in the studied communities are real
and immediate. Users were uniformly enthusiastic about introduction of the systems. Positive
change was identified in both qualitative and quantitative areas.

Qualitatively LED provides these benefits over kerosene lighting:

better quality of light permitting increased efficiency in the dark hours,
increased safety without the risk of burns or fire from the misuse of kerosene,
increased academic performance for children, and

Improved crop yields when used to ward off elephant depredation.

The study of LED lighting use did not find substantial importance placed on or
difference noted for the following issues:

e amore healthy environment with reduced smoke,
e improved social life,
e Improved status in the community.

Quantitatively each LED lamp was found to replace from 1 to 1.25 kerosene lamps
burning each night and save from 1.75 to 2 L of fuel each month. After paying the village
LED lamp fee this meant villagers saved about USD $0.50 each lamp per month. This is
a small but significant sum when considering for a low income family with two lamps
this represents a savings of 6% of monthly expenditures while for a (relatively) high
income family this represents a savings of 1.5% monthly expenditures.

2. There were few if any technical issues or problems noted with the lamp systems. Failures are
rare. Batteries are recognized as the weak point of the system. At the time of the survey with
systems in use from 6 months to 2 years there had been no requirements to replace them.
Users did complain of inadequate charging due to poor solar irradiance or institutional
difficulties with village charging systems.

3. Although lighting is not a high development priority for the villages Willingness to Pay for
lighting systems is conservatively estimated as about 10% of all monthly expenditures. This
means values from US $1.25/ month for low income households to US $5.75/month for high
income households for a 2 lamp system can be set as WTP values with an average of US$
3.35. If the goal of LUTW is to reach all non-electrified households and if it is recognized
that price discrimination on the basis of income would be difficult if not impossible in
villages, it is likely that the lower value sets an upper bound for an expected investment
recovery. Recovery of $1.25 / month would likely mean the system would require substantial
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subsidy to assist replication. At the full cost for equipment, installation and servicing simple
payback is at least 13 years.

Research identified the key importance of local organizations to handle operation and
maintenance issues and to collect funds ensuring continuity in lighting projects. Where these
organizations were not functioning adequately lighting service suffered. Although battery
replacement has not been an issue light users anticipate that their local service organization
should be prepared to provide this service as well. LUTW should emphasize the importance
of community development efforts as a key component and a complement to the lighting
equipment which they provide.

There was a small but observable difference in savings between high income groups and
those from middle and low income with the use of LED lighting. Further research should try
to understand why high income groups enjoyed more savings with a view to assisting others
to use their lamps more efficiently through training.
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Figure 1: Map of Sri Lanka
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“If a farmer doesn’t have to worry about his crops being raided at night he’ll
sleep better, feel better the next day and be able to work harder. “

Ariya Ratna , regarded as the best farmer in Endagalayaya/Pokunutenna

1. BACKGROUND

Over half the population of Sri Lanka does not have access to electricity. As a result
development and sustainable economic growth are impeded with the overwhelming majority
living below the national poverty line. Lighting in these areas is derived mainly from kerosene.
Appendix 3 provides further background on Sri Lanka and its state of electrification. This
research paper assesses the post-installation social and economic impacts of Light Up the
World’s solid-state lighting project in five off-grid villages.

1.1. THE PROJECT VILLAGES

Five Sri Lankan off-grid villages were the subject of a socio-economic impact assessment of
modern solid state lighting (SSL). Three of the villages that were surveyed are located in the
Knuckles Range, in the Matale district of the Central Province. The closest large city is Matale,
which is approximately 150 km’s East from the capital Colombo. The Knuckles Range is
comprised of lush forests and large valleys. The wet season occurs in November through to
December, which although is beneficial for farming, results in lower available solar-power and a
lower charge on the batteries for the lighting systems. Rural electrification is difficult in this area,
as it is both a national conservation area, and a UN world heritage site with strict environmental
regulations that prevent the large scale construction needed to extend the national grid.

The villages in the project area all derive the majority of their income from paddy farming, some
cereals such as kurukkan and Sorghum and vegetables mainly for home consumption. The
average size of a farm is 0.60 hectares.! All of the villages in the study are Buddhist, with a local
temple and priest?; and play an important role in the village.

The division of labour is along traditional gender lines, although women are involved in most
aspects of farming. To supplement the household income from farming, many of the men in the
villages partake in part time labour to supplement their incomes from farming, Activities include:
manual labour, lumber jacking, and in some areas gem mining this often occurs during the dry-
season when yields are low. Those with a trade such as masonry will head to the city to work.
Although these workers split their time between their rural and urban homes-or between work
and family-many will leave the village and even the country for employment.

! Sri Lanka: Promoting Agricultural and Rural Non-farm Sector Growth, Rural Development Unit South Asia
Region The World Bank, Document of the World Bank, Report No. : 25387-CE

2 The village of Dambuwe was in the process of hiring a priest at the time and Walpolamulla was too small to have
its own, but was also close to the village of Rambokaluwa
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The age of the village plays a role in assessing its level of development. Homes in older villages
have been passed down through familial ties and thus have had generations of maintenance,
repairs and renovations. In these instances, villages with relatively similar levels of development
may appear to differ significantly in terms of housing.® When comparing Pokunutenna and
Endagalayaya, a “younger village”, to all of the other villages it would seem, on first glance that
the former were significantly disadvantaged, although incomes and monthly spending figures are
very similar.

Schools in the village only go up to the fifth grade and are usually taught by recent by graduates
from the teachers college. Students with strong academic abilities, and who have the financial
means, will often move out of the village to attend higher levels of education. It is rare that any
of the students from these villages make it to a post-secondary education.

Important local institutions include, farming associations and the village development
organization Samurdi. The Samurdi officer is a government employee in charge of village
development projects and plays a role in distributing government funds. This includes monthly
government aid cheques of between 360-450 rupees (3.60- 4.00 USD) with 175 put into savings
per household that qualifies. The other important official is the Grammasari, who represents the
government in the area. This position is also involved in development projects and the allocation
of government funds for the region.

The following is a brief description of each of the villages that were surveyed:

Rambukolowa comprises of forty-eight households, a school and a small merchant shop. Solid-
state lighting came to Rambukolowa in April of 2003. Rambukolowa is one of the older
villages with settlements in the region going back hundreds of years. Pallegamme
junction is the closest town at just over five kilometres. Many families send their children
for school there after the fifth grade.

Damnantenna is comprised of forty-two households and is located approximately, thirty
kilometres southeast of Rambukolowa. Only recently was a bridge built courtesy of the
Samurda development office with the contribution of village labour. The village can now
be reached by vehicle, which has helped the farmers get their produce to Matale much
easier. Damnantenna had their lights installed in April 2003 as well and since then
thirteen of the original forty-two households have purchased their own individual solar
panels. There is a school and a temple in Damnantenna. Damnanetenna is also in the
vicinity of LUTW’s August 2004 instillations of the villages outside of Puakpitiya.

Walpolamulla is located five kilometers up into the Knuckles Range from Ramboklowa. The
village is very remote and can only be reached by a narrow cattle path. The village is
comprised of six families living in four homes. Elders mainly inhabit the village, as the

® In the study, roofs, relative quality of the house and even floors were taken into account to describe the level of
development of the house. This was also a technique used to ensure that the distribution of homes reflected
economic diversity within the survey sample.
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younger generations have left for the city to seek employment and education.
Walpolamulla received their lighting systems in December of 2003 with a pedal
generator to recharge the batteries of the system. In July of 2004 each of the homes was
given an individual 20-watt solar panel.

Dambuwe is found in the North Western province, approximately 150 kilometres North of

Colombo. Dambuwe is located twenty kilometers from the Moha railway junction, which
has a population of just under 10, 000 people. Dambuwe is comprised of sixty-eight
households; of which fifty have solid-state lighting. The remaining eighteen are slated to
be connected to the main grid. Despite being in close proximity many are doubtful that
they will all be connected in the foreseeable future. Dambuwe is one of the older villages
that were surveyed and the houses are more developed and much bigger.

Dambuwe is a farming village, but has not had a significant rainfall in the past three years.
Pumps are used extensively to eke out some agriculture. In recent years the village has
seen a considerable out migration of young men and women to the army, the garment
industry and the Middle East. The wages that these young men and women send home
represents a large percentage of the family income. There are a number of school aged
children and as the local school only goes up to the fifth grade many will move to nearby
Moha to pursue their studies further.

Dambuwe received their lights in April of 2004. This project materialized through the
initiative of individuals from the village approaching the Electrical Engineering Club (E-
Club) at the University of Moratuwa. Funding was provided from Ceylinco Life
insurance, Sri Lanka’s biggest insurance company. The Ceylinco office in nearby Moha
junction remains in contact with the village.

Endagalayaya/Pokunutenna: The neighbouring villages of Endagalayaya and Pokunutenna were

LUTW

the first villages in Sri Lanka to receive LED lighting in July of 2002. Located 300
kilometers east of Colombo, in the Uva district (South Central, 100 km’s from the south
coast). Endagalayaya and Pokunutenna border on both the Udawalawe national park and
elephant habitat and the northern border of the dry-zone. Compared to the other villages
that were surveyed Endagalayaya and Pokunutenna, are much younger, having been
established roughly forty years ago (second generation). The main industry in the villages
is paddy farming. Due to the proximity of the dry-season the months between June and
September, are fairly barren. Endagalayaya and Pokunutenna are also very important as
examples of rural electrification. Since 2000 Pokunatenna has had its own mini-grid
from a combination solar/Aeolian generator from the initiative of Lalith Senevratne. In
October 2004 Mr. Senevratne installed a biomass dendro-power generator and now both
villages have electricity.



1.2. LUTW’S SRI LANKAN LIGHTING PROJECTS:

The Light Up the World (LUTW) Foundation was founded in 1997 by Dr. David Irvine-Halliday,
while on sabbatical from the University of Calgary, in Kathmandu, Nepal. Since its inception,
through the generous support from interested individuals, host country organizations,
international foundations and industrial partners, LUTW has lit up more than 4,000 homes in
numerous countries including Afghanistan, Dominican Republic, Ecuador, Guatemala, India,
Nepal, Mexico, Pakistan, Philippines, and Peru. LUTW projects have brought tangible gains to
communities enhancing their health and safety, fostering local education, developing an
economic infrastructure and protecting the physical environment. Over 20,000 people have been
impacted directly. LUTW’s goal of reaching the approximately 2 billion people worldwide
without access to adequate lighting is ongoing.*

The Light Up the World foundation became involved in Sri Lanka through the initiative of
Arjuna Madanayake and Ganesh Doluweera, then electrical engineering students at the
University of Moratuwa who contacted Dr. Dave Irvine-Halliday in 2001 about bringing lighting
to a village in a rural area. The first project included Lalith Seneveratne, Mr.H G Gunawardane,
a Deputy Forest Conservator and Dr. UKG Padmalal, a Senior Lecturer in the Department of
Zoology of the Open University in Colombo for help in identifying villages in the Knuckles
Range. The University of Moratuwa Electronic Club (The E-Club) played an important role in
project management and has continued to be responsible for the actual installation and
implementation of LUTW?’s projects in Sri Lanka.

Since 2002, lighting systems have been installed in five villages located in three different parts of
the country. The full cost of the installations in the Knuckles range, including Walpolamulla, and
later in Dambuwe was $17,100 USD. These projects were made possible through funding from
the Arthur Child’s foundation and an anonymous donor.

The solid-state lighting (SSL) systems used in homes in Sri Lankan projects consist of two one
watt white light emitting diodes (WLED’s) lamps, one 12 volt 7 amp-hour sealed lead-acid
battery and the required wiring and switches. Batteries are charged at village charging stations
equipped with a 75 Watt solar panel powering a car battery which recharges a dozen small
homeowner batteries at a time (see Appendix 1 for the specifications of the household lighting
systems). The lamps used in the project cost LUTW approximately $20 USD each; 40 USD for
each household lighting system. The current LUTW lighting systems include individual home 5
Wp solar panels. See Appendix 1 for the specifications of the lighting systems.

For all the villages under study LUTW provided only the LED lights as equipment and supplied
funding to permit the purchase of batteries, panels and the remaining balance of system. On-site
installed costs of course vary according to the remoteness of the site, import duties and
transportation costs.

The arrangement of a village charging station was not replicated in the village of Wellpallamulla
or for the Knuckles Il project which installed systems in August 2004. These projects used the

4 www.lutw.org
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same lamps and batteries, except that households were each given their own individual 5 watt
solar panel. This panel was mounted on the roof of the home and allowed for each household to
dictate their battery charging routine. The four homes in Walpolamulla were initially set up using
a central pedal generator to charge the batteries but later each home was given an individual 5
watt household solar panel.

At the time of the social impact assessment, there were 171 lighting systems in the villages.
These systems had been operational in homes for between 6 and twenty four months. At the end
of the survey another installation of 250 homes was being completed in other villages in the
Knuckles region (the project is simply named Knuckles I11). Table 1 summarizes the details of
the projects in Sri Lanka.

The installations of the lighting systems in a village normally take place over a period of two
days with members of the E-Club having already liaised with village officials and made pre-
installation assessments in advance. The E-Club then installs the systems with the help of the
villagers, as well as instructing them on the use and maintenance the systems.

Table 1.1: Study Village Light Systems

Village Names Date of # of Funding Project Partners

Installation lighting

systems
Damnantenna April, 2003 42 | -LUTW Donors, Pre-assessment
Installation, , project

Dambuwe May, 2004 50 management:
Endagalayaya/Pokunutenna | July, 2002 27 %?Ljr::jl;igr?”ds University of Moratuwa
Rambukoluwa April, 2003 48 (Sri Lanka)
Walpolamulla December, 6

2003
Total 173

Projects costs would include a pre-assessment of the village, the components of the household
lighting systems and the equipment for the charging stations. Table 1.2 shows the Breakdown of
costs and averages costs per system. System costs are difficult to generalize from these data
because first much of the equipment was donated and has been valued at wholesale cost, second,
different generation sources were used in different regions (a pedal generator, central battery
charging stations and individual home solar panels), third, installation was done with voluntary
labour and fourth, in some cases homeowners provided their own batteries. Average costs for
this project may be assumed to be about USD $82 installed per system. Full price costing could
increase costs by at least 1.5 times this amount.
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Table 1.2: Light System Costs (1 USD = SLR 96.20)

Cost

Item SLR SLR UsD
Lamps - 352 684648
Solar panels / pedal generator 346196
Batteries and BOS 239518
Total - 176 systems 1270362
Ave / system 7218 | $ 75.03
Duties and customs 126 11331
systems
Installation - 126 systems 60703
Miscellaneous 7705
Subtotal 126 systems 79739
Ave/system 633 | $ 6.58
Total Ave Cost / system 7851 | $ 81.61

As part of the installation, villages are required to form a village lighting organization to be in
charge of maintaining the systems and ensuring the sustainability of the project. The organization
is run by elected members of the village for an agreed upon term. Monthly meetings are to be
held and input from the rest of the village in encouraged on lighting issues as well as their
approval on the direction that the executive should take. The organizational structure is intended
to be used to manage the funds collected from households as membership and maintenance fees
and to coordinate the use of the charging stations. The latest Sri Lankan installation, Knuckles IlI,
used individual household solar-panels but also created local village organizations.

Monthly fees were to be collected to put into a maintenance fund for things such as battery water
for the charging stations and for the long term goal of purchasing batteries. Members were
elected for a fixed term. Sometimes villages already had established individuals who had
experience in running village organizations and were appointed. Monthly meetings were to be
held to discuss matters regarding the lighting systems and to open a dialogue on issues that
needed to be addressed. This could include deciding on where a lighting system should be
redistributed to if a member household purchased an SHS as difficulties that might be occurring
with the systems, prevalence of people defaulting on their monthly fees etc. The meetings were
also supposed to provide a forum to get the villages input on lighting issues and to arrive at a
consensus on the direction the organization should be taking.

Households are charged a monthly fee of 25 rupees ($0.25 USD) for the use of their lighting
systems, membership in the village organization and for savings that are to be put towards
maintenance such as battery water for the charging stations. The main objective of the monthly
collection is to raise funds for the replacement of batteries over time. In Dambuwe households
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pay a monthly fee of 15 rupees plus five rupees per charging. At the time of the installation all
households had also paid a 75 rupee “start-up” fee.

-“I can’t afford a monthly fee of 25 rp!”

-““Yes you can. You don’t have to buy kerosene anymore™

Overheard at the installation meeting for the villages outside of Puakpitiya

LUTW



2. METHODOLOGY

The social impact assessment was conducted by comparing the social and economic changes in
the project villages pre and post SSL installation using indicators such as lighting use patterns,
the perceived benefits (or dis-benefits), and levels of satisfaction/dissatisfaction from end-users.
The performance of the lighting systems and the success of the project also made up part of the
research. Research was conducted in the villages from July 14 to August 8" 2004 using
structured interviews in survey formats. Sample survey sheets are attached in Appendix 2.

2.1. THE SURVEY

) Ay

The main research tool used in the study was a
household survey, which was supplemented with
a number of opinion leader interviews and group
meetings in the village. A sample of sixty-five
randomly selected households in five villages
located in three different regions of Sri Lanka was
surveyed (see map) out of a total population of
173 solid-state lighting users®. This represented
just over a third of the households. The entire
population of Walpolamulla was interviewed
where there were only six families living in four

X * households and all could be interviewed in a short
time. Household interviews would usually take between half an hours to an hour. The length of
interview was due in part to working through a translator. No one declined a household interview,
and all were excellent hosts.

Households were asked:

Source of Income and Yearly Income: Used to determine the varying economic composition of
the village — important in providing a key basis of analysis, the economic status of the
respondent. This provided information regarding employment trends and options and other issues
such as levels of dependency on a single industry.

Percentage of Household Spending: Another development indicator and main factor used in
disaggregating the sample population. The household spending figures were of importance in
gauging economic impacts of changes in kerosene purchases for lighting and willingness to pay
once LED lights were available.

® Outlier responses were identified by comparing responses for # of lanterns and consumption of kerosene. When
monthly consumption of kerosene per lamp for lighting was unreassonalbly high or low the respondent was deemed
unreliable and the sample removed from the survey. Four samples had to be discarded.
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Source of Light and LED information: Questions were asked about pre and post installation
lighting use patterns, as well as LED use. These questions were used to find out what changes
had occurred in lighting use before and after the installation, to gauge the amount of impact that
LED lighting in changing peoples lighting habits. By examining lighting use patterns one could
extrapolate the effectiveness of LED lighting as a substitute for their previous light sources, as
well as a cost-saving device.

End-User Opinion of and Satisfaction with LED lighting: Households were asked to provide
positive and negative feedback on the lighting systems and to get an idea of what areas lighting
impacted the end-user's daily life.

Willingness to pay: Asked how much the household could afford to pay, their willingness to
apply for a loan and a possible payment schedule (Rupees/Week, Rupees/month). A useful
indicator for end-user satisfaction, as well as to provide insight how much a household perceived
it could afford.

Relative Condition of House, Type of Roof and
Number of rooms was observed to gauge the

' respondent’s level of development, and to ensure
that the sample was reflective of the varying
socio-economic levels within the villages.

To accompany the household survey, and to get a
broader view of the villages, group interviews
were also conducted with opinion leaders and
various village groups. Much of the opinion

- - 74 . leader interviews were used to supplement the last
AWeSa, set of questions- what can people in the villages
afford to pay for a lighting system and whether a particular payment system or organizational
structure is required to facilitate a project of this nature. The other aspects of the opinion leader
interviews asked which areas needed to be addressed for development in the villages to gauge
the importance of lighting as a development issue.

Group meetings discussed many of the same matters as the opinion leaders and household
interviews, but were also used to assess project implementation and the organizational aspects of
the project. This included areas to be addressed to maintain and if possible improve the project.
Women also met as a group to give their perspective on the project and to discuss the
implications of the project in terms of gender. Women’s roles and the future of the project were
discussed.

2.2. THE ANALYSIS

The data were analyzed by comparing pre and post installation lighting use patterns as well as
tabulating and comparing survey responses regarding end-user satisfaction and opinions in
general of the lighting systems. Data were then supplemented with opinion leader and groups as
well as notes and observations taken at the time of the survey.
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Sample data were disaggregated amongst income levels to provide a more in-depth analysis of
the social and economic impacts and allow for comparisons to be made within the sample
population. Income groups were defined on the basis of monthly spending. Simple reporting of
income levels did not capture relative income status observed in villages®. Consumption levels,
while imperfect, were believed to give a more accurate depiction of the social strata in the
villages.” The use of consumption levels as an indicator of relative wealth was important as a
large part of the study was based on spending- and savings, on kerosene.

The division of income groups into Low (monthly spending of less than 2500 rupees per month)
Medium (2500-5000 rupees per month) and High (greater than 5000 rupees per month) also
divided the sample of 65 into three relatively even groups of 22, 24 and 19 respectively. The
designation of the income groups by spending patterns was confirmed through correlation with
other factors. The Low income group included the entire village of Wallpullamulla, the most
remote of the villages and by far the poorest. Many of the households that are in this group only
receive income through government pensions, the support of family and in one case the village.
Low income households are also less likely to make a living outside of sustenance farming.
Conversely, households in the High income group are usually involved in larger scale farming,
more diverse economic activities and usually better educated. The individuals in this group have
closer ties to local markets and are often middlemen in local small-scale markets. This leaves the
middle-income group-the largest portion of the sample at 36% of the households, and contains
elements of the entire spectrum of economic characteristics between the two groups.

*“She married me for my lights!”

Newlywed in Endagalayaya

& At the time of the survey there had been both a federal and provincial elections in Sri Lanka in the past four
months and as per usual all had been promised a fair deal from various candidates. Promises of roads, connection to
the grid, and the reconstruction of water tanks as well as schools and jobs were all fresh in people’s minds. To be
eligible for development aid the villages had to prove their poverty, and as a result it was common for people to
under-report their income levels. To compensate for this discrepancy, monthly household spending became the
focus of the survey and was able to provide more relevant data.

" Martin, Ravallion’s. 1992, Poverty Comparisons: A guide to concepts and methods. World Bank LSMS Working
Paper No. 88 provides an excellent explanation of the use of different indicators used in poverty assessment,
including income and consumption levels.
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3. FINDINGS

This section presents the results of the survey and draws on the input from opinion leaders and
group meetings.

Before assessing the impacts of LED lighting and to gain a sense of the priority for electricity
and lighting in the villages, the survey assessed the factor with opinion leaders in the villages.

Table 3.1 provides a ranked scoring of development issues that were deemed important by the
opinion leaders in the communities. Based on interviews with opinion leaders it was found that
lighting (and then electricity) was not a high priority issue for the villages. Good transport,
access to water, and education were all considered as requirements for improvements in the
villages in advance of lighting and electricity.

Table 3.1: Ranking of development issues in the village

Development issue'
Transportation (Roads) 27%
Water 23%
Education 18%
Lighting/Electricity 11%
Health 11%
Mechanization for 4%
agriculture
Housing 3%
Other® 4%

The findings in the following sections are divided into pre and post installation periods.

3.1.LIGHTING BEFORE LED’s
Lighting Patterns

Kerosene is the primary source of lighting in households in the rural off-grid areas in Sri Lanka.
Flashlights are rarely used in the home and are only for going out at night and guarding fields
from animal raids- as well as the occasional hunting trip. Kerosene is an essential good for
living in off-grid areas. People are heavily dependant upon it. Kerosene is subsidized by the Sri
Lankan government and is readily available, even to people living in remote areas. A litre of
kerosene costs between 24 and 30 rupees. Depending, however, on the distance from larger

8 Responses included: More land to cultivate, improving the temple, a post office a cooperative store and increased
participation in village societies.

H 11

LUTW



markets the price can rise to over 40 rupees per litre. Candles are considered too expensive and
rarely used for home lighting, although they are used in religious services.

The survey found that average household consumes approximately 4.6 litres of kerosene per
month which costs them approximately 158 rupees per month. These costs represent
approximately 4% of monthly spending. The average house hold uses roughly three kerosene
lamps per night, which burn for over seven hours per night to combine for an average of
approximately 20 hours of kerosene use per night. Table 2 shows the breakdown of kerosene use
across income levels.

Kerosene consumption relates loosely to income levels, with wealthier homes being able to
afford to illuminate more rooms or larger parts of rooms since kerosene lamps are unable to
provide ambient lighting. Kerosene will often be left burning all night as a nightlight indoors and
often outdoors as well to deter animals, especially elephants from houses and fields. Lighting is
especially important in the kitchen when preparing meals to ensure that food is cooked properly
and that surfaces are kept clean. Kerosene lighting is also important in those households with
school age children who require a brighter space to study at night.

Table.3.2 shows that the largest percentage of monthly spending belong to the Low income
group, while using less kerosene per night. The discrepancy between highest expenditure and
low use is due in part to the fact that poorer households are located in more remote areas and pay
higher kerosene prices. While there is a range between income groups in terms of monthly
spending on kerosene for lighting and as a percentage of monthly expenditures, all income
groups purchase a similar amount of kerosene as the lighting needs faced by each group are
fairly similar. However, people in the low income group are more inclined to use less kerosene
per night so as to be able to stretch their monthly purchase of kerosene.
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Table 3.2: Per Household Use of Kerosene Lighting Amongst Income Groups

Income Average Average Kerosene Kerosene Use Lamps per Total
Group monthly spending on expenditures for lighting Household Lamp
spending* kerosene per as a % of (Litres/Month) Hours per
(LKR/Month) month monthly Night
(LKR**/Month) spending (Lamp-
hrs/night)
Low 1572.6 150.9 10% 4.2 2.7 14.9
Medium 3455.7 146.7 4% 4.5 3.0 19.3
High 7290.8 180.8 2% 5.3 3.4 21.2
All Income 4286.1 158.6 4% 4.6 3.0 18.5

*spending includes: housing and repairs, food, clothing, transportation, energy, education, health, and
miscellaneous
**| KR= Sri Lankan Rupee

Apart from lighting, most households will purchase one litre of kerosene per month to be used in
the kitchen to start cooking fires and to have on hand in case of an emergency. As will be
discussed in the next section, this trend continues into the post-installation phase. This one litre,
however, does not factor into the changes in kerosene use.

Kerosene is mainly used for lighting; however, a small percentage of the survey population uses
it to run small pumps for irrigation in farming. Pumps were only found in the villages of
Endagalayaya/Pokunutenna and Dambuwe. In the case of the former, pumps are used in the dry
season between June and September, in the latter it was unfortunately in the second year of
drought and the meagre pumps could do little to draw enough water to quench their fields. Those
who used pumps, or had used them prior to the drought, reported that a pump uses a litre of
kerosene per hour and usually costs between 600 and 1000 rupees per month to purchase the 25-
20 litres of kerosene that will be used for the for the month.

In the pre-installation phase all of the groups’ demands for lighting needs are dictated by the
twelve hours of darkness, which makes for some convergence in the volume of kerosene
consumption. The Low income group, however, spends a considerably higher percentage of
monthly spending (or income). Households are faced with having to choose kerosene over other
goods or be left in the dark. Kerosene is therefore viewed as basic consumer necessity.

Flashlights are essential items in off-grid areas. Darkness occurs before seven o’clock in the
evening and except for a bright full moon, it is difficult to travel far without one. A flashlight (or
torch as it is referred to in Sri Lanka) costs approximately 500 rupees, and requires three “D” cell
batteries costing 75 rupees. Flashlights are used primarily for going out at night, often to guard
fields against elephant raids.

The accompanying chart (fig. 3.1) lists the breakdown of household’s monthly expenditure on
batteries for flashlights. The majority of households spend between 50 and 150 rupees per month,
with only a small percentage spending over 250.
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Figure 3.1: Fig. 2 Monthly expenditure on batteries (rupees per month)
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3.2.POST INSTALLATION FINDINGS

3.2.1. Perceptions of LED Lamps

Benefits of LED

There was an overwhelming positive response to the benefit of LED lighting. Respondents
reported most frequently that the primary benefit of solid-state lighting is a brighter environment.
Respondents universally found this to be the priority, and many related the level of brightness,
and the benefits derived from it, to a marked improvement in their quality of life. Adequate
brightness meant an improvement in their previous lighting situation with many responding that
the LED lamps provided more light than the kerosene lamps. Tasks within the home were able to
be completed at night- this was especially important in meal preparation and maintaining a clean
kitchen. There were also those who responded that the LED lamps provided sufficient outdoor
lighting, to deter elephants as well as providing enough light to be able to see if there was any
wildlife, snakes in particular, in the proximity of their home.

The second most important benefit was reported as the ability to earn more income. Over 80% of
respondents gave this priority. The question was originally framed to identify new sources of
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income generated by LED lighting.
Respondents largely gave a positive response
based on the monthly savings accrued by no
longer having to purchase kerosene. Incomes
were also reported to have increased through
the ability to work longer days. LED lighting
means being able to rise earlier and eat the
morning meal before sunrise and prepare the
evening meal after sunset; activities that
previously would have been too costly using
kerosene. Other income generating activities
at night also became possible such as

| processing peppers and peanuts by hand. The
women’s group meetings also mentioned that
they were able to weave more mats out of
palm leaves.

¢ Next important were the benefits of a safer
light source. Safety related to the mitigation
of the risk of injury, death or destruction of
property due to fire caused by an overturned
kerosene lamp. Children are at a higher risk
of being burned and warrant constant
supervision while in the home. Based on
conversations with village leaders in Dambuwe, they estimated that there was an incidence of
fire on average once a month. After only 3 months of LED use the leaders have noted a decrease
in fires and injuries due to fires. Similar findings were also observed in the other communities.
This is especially important as burns to children are a constant concern by parents as there are
often many lamps in the home. 56% of households with children reported that they felt that their
homes were safer as a result of the switching from kerosene lamps to the LED lighting systems.
A safer home is also related to creating more leisure time for women. The consensus from group
meetings held with women in several of the villages was that they noticed an increase in their
leisure time as their children no longer required constant supervision while in the home. The
women in the meeting in the village of Dambuwe also mentioned that this increase in leisure
time enabled them to partake in other activities including reading.
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Children’s studying and reading more was
perceived most frequently not surprisingly in
households with children. Adults also responded
that they were reading more at night Education and
the well-being of children is a value held by many
in the villages. In Dambuwe one older man
declined a lighting system to ensure that his
daughter’s family and her young children received
the lights. There were also other cases reported of
older relatives giving away one of their lights to a
younger relation and their family. In the village of
Endagalayaya by being able to study at night using
the LED’s, two young men reportedly were able to
pass their A level examinations and qualify for
University. The scope of the study did not allow a
meaningful correlation of this report with data.

These subjective, qualitative findings are presented
in Figure.3.2 disaggregated by income group and
include households with children (families). The
figure shows little difference across income groups

in attitudes about the perceived benefits from the lighting systems. Medium and Low income
groups were more inclined to perceive an increase in earnings/savings. Families and high income
groups tended to appreciate the benefits of children studying and reading more at night.
Households with children also appreciated the safety aspects more frequently. Overall economic
status based on monthly spending has little influence on the perceived benefits of the lighting
systems. All the benefits of the lighting systems are enjoyed by all regardless of their economic

status.
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Respondents did not frequently see the benefits of LED lighting in reducing smoke from

Figure 3.2: Perceived Benefits of SSL
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kerosene lighting, in allowing more household chores, in providing opportunities for socializing
or in having more status in the community.

A mix of “Other” responses shows a wide range of additional benefits of LED lighting not

foreseen prior to the survey. These include: deterring elephant raids, not having to use matches,
not having to deal with the wind blowing out the lamp, and an improvement in the quality of life.
These issues overlap in other areas and came up in various group discussions. Three respondents

mentioned a decrease in monthly battery purchases, presumably in deterring animal raids.®

® The presence of wild elephants in rural areas poses a threat to agriculture and the livelihood of farmers. Crop

raiding by elephants usually occurs during the dry season when readily available food sources are depleted and they
must seek out other sources. For farmers the dry season is usually a period of more capital-intensive production due

to the use of pumps and lower yields, damage by elephants is considerably more severe during these periods.

Furthermore, damage to property and the danger of attacks on people are also serious issues. The use of LED lamps

-
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Other less tangible benefits were revealed in discussions with
respondents. For example:

e Having a project that required people to get together and
discuss the future of their village and ways to improve
created a great sense of unity. The villages of Endagalayaya/
Pokunutenna, the “youngest” villages in the survey have
been able to expand their lighting societies to undertake
other projects. *°

e The Women’s group meeting in Damnantenna discussed
safer food preparation, and cleaner kitchens due to a brighter
light source. This also contributed to what they referred to as
“peace of mind” as well as better tasting dishes.

e Based on the discussion with women in the villages of Endagalayaya and Dambuwe, it
was found that the lighting systems made their extra income generating activities such as
making mats out of palm leaves and dressmaking much more productive. It has also
encouraged many women to consider starting their own businesses.

e Portability was of obvious importance to the survey population. Some had gone to the
trouble of carrying their system to the fields where they were used to ward off elephant
incursions. At least one respondent requested a low wattage — high intensity flashlight as
a portable light source.

Level of User Satisfaction

Figure 3.3 shows that there is a high level of end-user satisfaction with the lighting systems and
the implementation of the projects. The overwhelming majority of the responses were positive

outdoors has been a successful technique to deter elephants and is common practice in all of the villages that were
visited.

1% The creation of the Sun Ray Protection Union Society (SPUS) in Endagalayaya is by the far best example of how
such a project can build local capacities and strong village unity. As a strong organization the SPUS is able to levee
fines to people with late monthly payments. Community meetings have been instrumental in solving problems and
creating strategies that include the entire village. This has been effective in redistributing lamps, maintaining the
collection mechanism and providing an arena for open dialogue for all members to voice their opinions. They have
gone on to undertake larger scale projects such as the construction of a Town Hall that will also be used as a pre-
school and a centre for senior’s education. The requirements of the project created the means for a more unified
village. Increased unity and the ability to undertake larger projects was identified in Endagalaya as an additional
benefit of LED lighting and was also a source of pride for the entire village.

Endagalayaya and Pokuntenna are special cases in that they have strong leaders with education, outside help and a
tradition of being active in cooperative organizations. Nevertheless, the results in these villages serve as an example
of the benefits of strong organizational capacity regardless of material wealth in the community - as Endagalaya/
Pokunetenna are younger less developed villages they are hard hit by the dry season.
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for all aspects of the project. Users showed how much they valued LED lighting in the way they
cared for the systems. Most households had fashioned casings for their batteries and a series or
shelves and hooks to place their LED lamps at different times of the day.

Importantly, there was 100% satisfaction of the cost and benefits of LED’s. Overall there were
only 12% of respondents who reported some dissatisfaction with certain aspects of the project.**
These areas, where there was not 100% satisfaction, had to do with the installation and the
ongoing service and replacement. The dissatisfaction with the installation was due to a faulty
pedal generator installed in Walpolamulla that was not durable enough to meet the daily charging
needs of the end-users in that village. However, this problem was later remedied with the
installation of individual solar panels.

Figure 3.3: End User Satisfaction
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11 4 out of 65 respondents, or 6% were dissatisfied with the installation and 16 out of 65, or 25% were dissatisfied
with “ongoing service and replacement parts.”
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“Ongoing service and replacement parts” relates to the difficulties within the village
organizations. In some cases households were not getting their batteries charged by their local
charging station due to social disagreements. For the most part respondents took little issue with
the prospect of not being able to obtain replacement parts, such as LED’s. Those who did report
that this was an issue that dissatisfied them suggested maintaining contact with LUTW or its
local partners. This point was also reiterated at the group meetings at Damnantenna, Dambuwe
and Rambakalowa. The next section examines these difficulties more in-depth.

Problems

It was found on average that only 9%, 15% and 3% of the sample were discontent, or had
problems, with the quality, brightness and cost of the lighting systems respectively. Fig. 3.4
shows a breakdown of problems across the three income groups and households with children.
There are no significant differences amongst the groups, except that cost was an issue only with
those in the medium income group. In Damnantenna there were a handful of households that
grew discontent with the lack of service they were receiving from one of their charging stations.
With the opportunity to purchase an individual solar panel at a discounted price, those who could
afford them opted for this choice and thus were also able to remove themselves from what had
become a sensitive issue in the village.
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Figure 3.4: Perceived Problems with LED
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Cost, was a factor mainly where households were discontent with paying a monthly fee for their
lighting systems and not receiving a fully charged battery. This was more a result of village
issues than the actual monthly fee.

3.2.2. Savings in Fuel and Money - Changes in Lighting Use Patterns

Survey data on numbers of kerosene lamps used, amount of kerosene used for lighting,
expenditures on kerosene and the total time kerosene lamps burn in a household are shown in
Table 3.3 for both pre and post installation of 2 LED lamps per household.
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Table 3.3: Use and Expenditures for Kerosene Lighting Pre and Post LED Installation

Income # lanterns / HH * Kero use Kerosene Kero Lamp Use Use of 2

L/HH-month Expenditures Hrs/HH-night LED

LKR**/HH-month lamps
Hrs/HH-

night

Pre Post Pre Post Pre Post Pre Post Post

Low 2.7 0.7 4.2 0.8 150.9 27.6 14.9 2.3 10.5
Med 3.0 0.8 4.5 11 146.7 31.2 19.3 3.3 115
Hi 3.4 0.9 5.3 15 180.8 43.4 21.2 4.3 13.3
Average 3.0 0.8 4.6 1.1 158.6 33.9 18.5 3.3 11.7

* HH = household, ** LKR = Sri Lankan Rupee

The significant changes that were brought about with the introduction of LED lighting may be
seen in Table 3.4 below. Lantern use was generally reduced by 2 and up to 2.5 per household
indicating that each LED light replaced at least one kerosene lantern. As a result of reducing the
number of lanterns used, as well as the amount of time lanterns burned when they were used, it
was found that kerosene lanterns on average were used a total of 83% less time as a result of the
introduction of 2 LED lights into each home. On average each home used 3.5 L of kerosene less
per month saving 125 LKR (US $ 1.25) in kerosene expenditures.

Table 3.4: Household Reductions in Kerosene and Expenditures after installation of 2 LED

Lamps
Income Reductions in:
# lanterns | Kero use Kero Exp Kero Lamp

L/month LKR /month | Use Hrs/night
Low 2.0 3.4 123.4 12.7
Med 2.1 3.4 115.5 16.0
Hi 25 3.9 137.4 16.9
Average 2.2 3.5 124.8 15.3

Monthly savings ranked highly as an important benefit of SSL. The benefit that end-users
noticed in their pocket books provides the basis of an important indicator in the study. The
differences across income groups are largely not significant. Average savings in kerosene
purchases are about LKR 125. It is assumed that all households paid the monthly LKR 25
"membership" fee so that actual savings were in the order of LKR 100 or USD $1.00 per month.

It is interesting to note that low income groups saved more money than the mid income group for
an equal savings in kerosene fuel. This is due to the fact that low income groups often have to
pay more for fuel in more remote locations than mid income groups who tend to have better

-
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access to markets. It is also apparent that high income groups took greater advantage of LED
lighting than the other income groups, reducing the number of kerosene lamps and the time they
burned over the other groups. As a result fuel and money savings were greater than mid and low
income groups. The reasons for the variation are not clear. It may relate to higher income groups
having better access to solar charging facilities or may indicate that strategic use of solar LED
lighting employed by the higher income group can lead to enhanced savings of fossil fuel for
lighting.

Training in the strategic use of LED lighting could likely help reduce kerosene use further and
should be investigated in further research.

3.2.3. Willingness to Pay

Analysis of willingness to pay in this study proceeds from a review of kerosene savings, under
the hypothesis that users should exhibit willingness to pay for new lights at least equal to
kerosene savings provided by the new light source. This analysis is backed up with respondent’s
reports on their perceived willingness to pay (WTP).

Average monthly savings in kerosene purchases for each income class are shown in Table 3.5
below. These savings relate only to reduced kerosene fuel purchases and do not include savings
in kerosene lamp, matches, torch or D cell battery purchase. Relative to kerosene fuel these other
savings are likely minor and omitting them is within the margin of uncertainty in the study.
Neither are qualitative benefits in increased intensity that SSL provides over lanterns explicitly
included. The goal of the analysis is to determine an estimate which users may be willing to pay
for SSL services in their entirety. In order for a program to be sustainable these payments, in the
absence of subsidy, should include capital for purchase and installation plus any ongoing
operation and maintenance costs such as financing and battery replacements. In financial terms
we are defining the “benefits” of the lighting transaction for the user and therefore do not wish to
mix in “costs”. Using kerosene savings as a proxy for WTP is likely conservative and most
respondents when asked about amounts they could afford for more SSL reported they would be
willing to spend more than their kerosene savings.
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Table 3.5: Reported User “Benefits” or Savings in Substituting SSL for Kerosene

Income Monthly Monthly As a % of Monthly Monthly
Groups Expenditures Savings Monthly Savings Savings
Expenditures
LKR/month | LKR/Month USD / Month CAD / Month
Low 1572.6 123.4 8% $ 123 $ 150
Medium 3455.7 115.5 3% $ 115 $ 141
High 7290.8 137.4 2% $ 1.37 $ 167
All Income 4286.1 124.8 3% $ 125 $ 152

Based on user benefits the WTP for SSL in this region is
relatively low and may be estimated as $1.25 USD/
month on average. From a different perspective, the
benefits represent up to 8% of monthly expenditures for
low income groups. Taking low income benefits as a
proxy for the WTP of the entire region assumes that all
income groups will be at least willing to pay up to the
savings of their poor neighbours. If we assume WTP of
8% of monthly expenditures, medium and high income
groupings exhibit WTP of 271 and 572 LKR respectively.
Even charging 123 LKR as a monthly fee would mean
users could save toward a replacement battery as well as
pay overhead on a community run business. Batteries
cost between LKR 1000 and 1500 and have a life of 2 to
5 years. After 2 years at a monthly fee of 123 LKR total
savings or investment would be LKR 2952 which would
more than pay for a battery and allow payment of a local
salary.

A rudimentary financial analysis was made assuming $120 installed cost, $15 battery
replacement at year 4 and a 2% of capital annual maintenance fee. Assuming a monthly system
lease of $1.25 simple payback would be achieved in year 13.

On the basis that WTP represents 8% of monthly expenditures, ranges can be estimated for all
income groups as shown in Table 3.6 from USD $1.23 to $5.72 / month for a 2 lamp system.
Average for all the group is USD $ 3.36.
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Table 3.6: Estimated WTP for SSL

Income Groups WTP
USD / Month / 2 Lamp

system
Low $ 1.23
Medium $ 271
High $ 5.72
All Income $ 3.36

In order to support these findings respondents were asked directly about their willingness to pay
for SSL services. Households were asked if they would be willing to purchase more LED lights
or an individual lighting system. Seventy one percent (71%) of the population was interested
without knowing the actual cost they would have to pay for the system.

3.2.4. Financing SSL

LUTW is dedicated to making lighting systems sustainable in Sri Lanka. An objective of the
study was to investigate how systems could become part of a market system that supplied,
installed and serviced lights in rural areas. With this in mind we were interested to see how the
71% of the survey population wanting more lights could expect to afford the $100 to $150 US
per system installed and if they were aware and open to financing schemes that would allow
them to pay for systems over time. The respondents were not aware of the price of the lighting
system;*? however they were asked how much they could afford to pay- reflecting their current
disposable income, expected future income and consumption decisions. The objective of the
analysis of the data in this section is to examine those who responded with a figure equal to or
greater than the actual retail price to get input on which payment scheme would be the most
conducive to making the purchase.

The survey found that of the total survey sample, 32% would prefer to purchase a lighting
system through monthly payments whereby they would pay an initial sum and then pay off the
rest over one or two years. All of the villages have had experience at one time or another with
micro-finance and this would be a reasonable arrangement for end-users in a comparable
situation to purchase the lighting system. Monthly payments were by far, the favourite mode of
payment. For the other modes of payment, 17% responded preferring a single payment, 15% bi-
annually and 3% quarterly. These results are shown in table 3.7 by income groups. Those
without steady income, especially in Dambuwe where drought had made it difficult for
agricultural production, regarded loans in general as undesirable. Others said they did not want a

12 In some interviews the actual price of the system was given, in other cases the respondent would give a price that
was close to the actual price.
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loan was because they had already allocated funds elsewhere, mainly house construction and
renovations.

Table 3.7: Method of Payment for Respondents Wanting More Light Systems

Income Group Monthly Quarterly Bi- Single NA Total
Annually Payment
Low 22% 5% 9% 18% 46% 100
Medium 37% 0% 21% 21% 21% 100
High 37% 10% 16% 16 21% 100
All Groups 32% 3% 15% 18.% 29% 97.4

Seventeen percent (17%) of all respondents were willing to pay outright for their systems
indicating both satisfaction with the SSL and a level of wealth and capital savings not normally
associated with the rural poor. This may indicate that some caution should be used in this section
of the survey when attributing veracity to subjective statements of wants rather than facts.

Although the monthly payment scheme was the most popular response, many who were
interviewed mentioned that due to not having a permanent monthly income- with their main
income being earned during the two separate harvest period. A bi-annual payment scheme
matching their harvest schedule, could make it easier to meet their payment schedule.

Opinion leaders were asked what they thought the people in their village could afford to pay for
a lighting system as well as what type of payment schedule and arrangement would be the most
conducive to facilitating such a purchase. The objective of these discussions was to get an idea of
witp in villages. Five of the 13 leaders thought that individuals in the community would be ready
to pay the full cost of a system up to 13,525 LKR ($135 US) given the average income levels in
the village.

Table 3.8 summarizes these findings. Nearly half of the respondents suggested micro credit as a
preferred payment mechanism. The villages currently participate in micro credit and village
development schemes where the community pays back improvements with labour and fund
collection in the village.

H 26

LUTW



Table 3.8: Responses from Opinion leaders regarding villages” willingness to pay

Assessment of the Most effective Method of payment Of those who responded YES,
villages ability to pay the average WTP
the full cost of SSL
38.46% Yes (5/13) Micro Credit 46.15% 135 USD (13,525 LKR)
38.46% No (5/13) Community involvement 30.76%
23% NA (3/13) Individual loans 7.69%

NA 15.38%

3.2.5. Performance of LUTW Light Systems

If the LED lamps, for whatever reason, do not function end-users will immediately be forced to
return to using kerosene for lighting. This can occur as a result of an equipment malfunction or
for organizational reasons. The problems that were encountered in the project were a
combination of village organizational dynamics, and the ongoing challenge of keeping batteries
charged. In the villages of Rambukalowa and Damnantenna obstacles to the provision of SSL to
the entire village included divisions based on caste and the issue of the inclusion of homes from
outside of the village. In these instances the lighting project became a polarizing force in
dividing the village. The pre-assessment of lighting programs in villages often had difficulty
recognizing sometimes subtle village dynamics and to what extent they would affect the outcome
of the project.

Recognizing divisions within the villages would have
alleviated the challenges to maintaining charged batteries.
The placement of the charging stations in both Rambokaluwa
and Damnantenna followed divisions be caste and by
settlement respectively. When difficulties arose with the
organizational factors of the SSL project existing rifts in the
village became more defined and encouraged a lack of
cooperation in the project by the end-users.

- When lighting systems fail they require a local organization
. to be present to help get them back into working condition.
 In some cases the organizations created to support
community LED lighting themselves failed. In the case of

= \ Rambokaluwa, the organization lost their leadership when
individuals either moved or passed away. Difficulties were compounded because many
households were not aware of the workings of the support organization or the role that they as
stakeholders had in the project. The difficulties affected the capacity to collect monthly fees as
there was a loss of commitment to the organization, and lack of recognition of the members
responsible for collecting the fees.
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Local organizational problems were mirrored in the village of Damnantenna, where the
collection of fees was left in the hands of the head of the household with the charging station.
Users reported difficulty in charging their batteries because of favouritism of the person in
charge. The project has since changed its strategy to install one small 5W panel per household
rather than designing central charging stations.

Lack of replacement parts or available technicians to repair damaged equipment is a considerable
threat to the sustainability of the project. In Rambokaluwa the distribution box had been
damaged through misuse, limiting its capacity to fully charge twelve batteries at a time.

The performance of the LED lights was
impressive. There were only two
incidents where technical performance
was an issue. Both incidents were found
~in the village of Dambuwe. One of the
- circuits in the lamps appeared to not be
making a connection to the lamp and was
taken in to be repaired by members of the
E-Club who were present. The second
lamp that had difficulties still shone, but
the board had shifted in its casing causing
the beam to have some distortion and
required it to be positioned at a particular
: angle to be effective. The latter, if not the
former of these difficulties may have been the cause of the lamps being refitted as a result of a
manufacturing error.

The villages incorporated their LED lamps into their homes with relative ease, and felt
comfortable with the new technology, which for some was their first experience with electricity.
Most homes had a system of hooks or shelves to move their lamps around for different uses and
many had built casing for their batteries. Some kept their lights covered in plastic bags to keep
them clean. One house in particular had attached a cloth rag to their lamp for bats to cling to,
instead of the lamp itself. There were no complaints with the design of the systems, the lamps or
any of the components. The LED lamp held up in field conditions very well, due in part to the
care of the systems by the end-users. The Figure below (fig. 3.5) shows the distribution of
problems with the system. Overall only 3% of the respondents reported that the LED lamps were
not performing, which included two lamps that had been affected by adjustments made after
manufacturing.

e Wiring problems were related to the use of the alligator (crocodile) clips that attach to the
terminals on the battery. There is considerable repeated use of the clips due to recharging
the battery daily or every two days at an external charge station. At the same time, the
alligator clips could be fixed with little difficulty by the end-user.

e PV panel problems did not relate to the quality or durability of the panel. The major
complaint was that panel capacity at the charge station was not sufficient to provide a full
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charge for the batteries (or that too many batteries were being charged at once). All
regions of the project have wet-seasons that result in low charges and in mountainous
regions stations in valleys were cut-off from direct sunlight in early afternoon. In these
instances the solar panel does not have enough energy to fully recharge the batteries, and
in some situations causing end-users to revert back to kerosene.

e Batteries posed the greatest threat to the sustainability of the project. As the battery has
the shortest life span, and demands the most attention and effort from the stakeholders, it
can be considered the weakest link of the project. The charge-discharge cycle
experienced with external charge stations whereby a battery is completely drained before
it is charged shortens battery life. Respondents reported low charge on the batteries even
after a day at the charge station. Batteries would have to be recharged more frequently
and the LED lamps became less bright. In the village of Endagalayaya where batteries are
charged every two days, there were some who reported that by the second day their
batteries are no longer able to power the two LED lamps and as a result the households
return to the use of kerosene for lighting.

“The doctor told because me not to let my son study at night, because the smoke from the
kerosene would make his asthma worse. Now that we have our LED’s, he can study at night”

-Mother of an asthmatic child in the village of Dambuwe

Figure 3.5: Break downs or problems
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4. CONCLUSIONS

A number of conclusions may be drawn from this evaluation. After survey of lamps that had
been used in households from 6 to 24 months it was found that:

6. The impacts of renewable energy powered LED lighting in the studied communities are real

7

8.

and immediate. Users were uniformly enthusiastic about introduction of the systems. Positive
change was identified in both qualitative and quantitative areas.

Qualitatively LED provides these benefits over kerosene lighting:

better quality of light permitting increased efficiency in the dark hours,
increased safety without the risk of burns or fire from the misuse of kerosene,
increased academic performance for children, and

Improved crop yields when used to ward off elephant depredation.

The study of LED lighting use did not find substantial importance placed on or
difference noted for the following issues:

e a more healthy environment with reduced smoke,
e improved social life,
e Improved status in the community.

Quantitatively each LED lamp was found to replace from 1 to 1.25 kerosene lamps
burning each night and save from 1.75 to 2 L of fuel each month. After paying the village
LED lamp fee this meant villagers saved about USD $0.50 each lamp per month. This is
a small but significant sum when considering for a low income family with two lamps
this represents a savings of 6% of monthly expenditures while for a (relatively) high
income family this represents a savings of 1.5% monthly expenditures.

. There were few if any technical issues or problems noted with the lamp systems. Failures are
rare. Batteries are recognized as the weak point of the system. At the time of the survey with
systems in use from 6 months to 2 years there had been no requirements to replace them.
Users did complain of inadequate charging due to poor solar irradiance or institutional
difficulties with village charging systems.

Although lighting is not a high development priority for the villages Willingness to Pay for
lighting systems is conservatively estimated as about 10% of all monthly expenditures. This
means values from US $1.25/ month for low income households to US $5.75/month for high
income households for a 2 lamp system can be set as WTP values with an average of US$
3.35. If the goal of LUTW is to reach all non-electrified households and if it is recognized
that price discrimination on the basis of income would be difficult if not impossible in
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villages, it is likely that the lower value sets an upper bound for an expected investment
recovery. Recovery of $1.25 / month would likely mean the system would require substantial
subsidy to assist replication. At the full cost for equipment, installation and servicing simple
payback is at least 13 years.

9. Research identified the key importance of
local organizations to handle operation and
maintenance issues and to collect funds
ensuring continuity in lighting projects. Where
these organizations were not functioning
adequately lighting service suffered. Although
battery replacement has not been an issue light
users anticipate that their local service
organization should be prepared to provide
this service as well. LUTW should emphasize
the importance of community development
efforts as a key component and a complement

to the lighting equipment which they provide.

10. There was a small but observable difference in savings between high income groups and
those from middle and low income with the use of LED lighting. Further research should try
to understand why high income groups enjoyed more savings with a view to assisting others
to use their lamps more efficiently through training.
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APPENDIX 1: LUTW PRODUCT

Rechargeable Battery

[ m  Type: Sealed Lead-Acid Battery

Capacity: 12V, 7 A-h

Open Circuit Voltage (Fully Charged): 13.3V
Maximum Charging/Discharging Current: 720 mA
Dimensions (cm): L= 1487, W=625H=9.75
Weight: 2.5 Kg

Lifetime: 5 - 7 Years or 1000 recharging cycles

Luxeon Lamp

Model: Mark 3

Input Voltage: 5to 15V

Cut-Off Voltage: 123V

Power Consumption (Typical): 1.3 W
Light Output (Typical): 25 Lm
Dimensions (cm): D=75 H=27
Weight: 90 g

Lifetime: 100 000 Hours

LUTW Light System

e Two Mark 1V, 1.5 Watt, WLED Nichia SSL lamps
wired (15 m) with switches, connectors and a low
voltage cutoff to preserve battery life (wt 600 g);

* One 5 Watt Kyocera solar panel with wired battery
connections (wt 850 g);

e one 12 Volt 7Ah Sealed Lead Acid battery (wt 3500 g);
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APPENDIX IIl: SURVEY FORMS

LUTW
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Household Survey

Family gifts from outside
community or pensions

Other:

Time Spent Obtaining Light from source

hriwk:

Distance to Source:

Date of interview [ Lights installed: Relative condition of Survey #
Village Name: house
# Of people in Adult [ Adult [ Children:
home Male | Female
s s
Type of roof : Source of Light LED information
Household Survey
# Of rooms Before LED’s After LED’s # In house
Source of income Candles Candles Use
#/month #/month Hours / night, Days/week, cost/month
cost/month cost/month
(Checkall that apply) avg hours per avg hours per night
Yearly Income: night
Agriculture:
(Sale of surplus)
Agriculture
Commercial # of Lanterns # of Lanterns Source of LED power
L of L of Kerosene/month
Industry Kerosene/month [ (lighting only) Gri |P [Other
(lighting only) cost/month d [V
cost/month avg hours per night
avg hours per
night
Government (education, health etc) | Batteries Batteries
#/month #/month
cost/month cost/month
avg hours per avg hours per night
night

End-user’s opinion of LED lighting

POSITIVE

N

EGATIVE

Adequate Brightness

Cost-explain

% Of Household Spending

No Smoke-more healthy

Quality of light

Housing-repairs, upgrades goods
etc

Can do more household
chores

Duration of light

LUTW

Can earn more income Too many
Health (explain)* Breakdowns

Food/clothing Children, studying, reading Lack of service

more available
Education Better social life Other

More status in community Notes:
Transportation Better working conditions

Safer-explain
Energy (all energy)
Lighting Portion of Energy Before
LED
After LED’s
Other Other-explain
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End-Users Satisfaction With: Yes/No (if NO provide explanation)

Breakdowns or problems

Panel: First learning about LED in community Y |N
Battery: Costs and benefits of LED’s Y (N
Lights: Installation of lights Y (N
Wiring: Ongoing service, replacement parts Y (N
Installation: Other Y (N
Surveyor Appraisal Notes:

Does the Household want more lights y/n

If yes
How much could the household afford to pay?
Willingness to apply for a loan:

Possible payment schedule Rp/Week, Rp/Month

If no
What is the next household purchase priority
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Opinion Leader Interview

Date

Name

Occupation/Position in village:

Survey #

What are the main
development issues in
the village? 18

Water

Transportation

Where does lighting rank? And Why?

Health

Education

Communication

How Much can people afford to pay for lighting systems?

LIGHTING
Electricity How could we make them affordable? Micro-credit
Other: Other financing

Community involvement?

Other

Has the village had any experience with micro-credit before?

Since the installation of LED’s, what changes have occurred in your village?

13 13Ranking system for development issues listed by Opinion Leaders

Ranking Points
1 5
2 4
3 3
4 2
5 1

LUTW
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APPENDIX IlIl: SRI LANKA BACKGROUND

Sri Lanka — An Overview

The World Bank considers Sri Lanka a lower middle-income country compared to its South
Asian counterparts. While its per capita income levels and gross national product may be lagging,
the country is able to achieve a relatively high level of development with enrolment, literacy,
health and life expectancy that are comparable to the developed world. Despite a high national
average, there is considerable disparity between the urban and rural areas with the former
receiving greater access to institutions, infrastructure, markets and a higher standard of living. Of
the many factors that contribute to this disparity, including the country’s emphasis on the
garment industry and other light manufacturing over agriculture, it is this lack of access to
infrastructure, mainly roads, irrigation and electricity, that can be seen as one of the themes that
perpetuate the lack of development and the persistence of rural poverty.

Historically Sri Lankan governments have had a special relationship with rural areas, as they
derive much of their legitimacy by claiming their ability to be the protectors of the strong
traditional Buddhist, rural values. Rural areas are promised much during election years, but
unfortunately are usually overlooked when it comes to building infrastructure. As a result there is
a sense of alienation in the rural areas and a general scepticism of the government.*

Probably the most relevant factor in defining the socio-economic status of Sri Lanka is the civil
conflict between the Sri Lankan government and the LTTE (Liberation Tigers for Tamil Elam).
The 18 year conflict has claimed 62 000 lives and destabilized over 2.5 million of the inhabitants
remaining in the Northern Region of the country.®* In 2002 the two warring sides were able to
establish a somewhat precarious cease-fire agreement.

The conflict has also had a considerable impact on rural areas. The war is one of the main
reasons for the weak state of the economy, with government spending on the military diverting
funds away from development and social projects. Some estimate that the government spends
75% more on their +100,000 strong army than on social programs.* Relating directly to the area
of the research, most recruits are from rural areas and many villages have seen a demographic
trend of out-migration of men ages 18-25 in search of higher incomes. This obviously has further
implications in terms of both the loss of life of a section of the village population who would be
farming, and the benefits to families with sons or husbands in the military who receive a steady

4 Rogers, John D “ Post Orientalism and the interpretation of Premodern and Modern Political Identities: The case
of Sri Lanka” Journal of Asian Studies vol. 53 #1, February 1994

15 http://www.undp.org/bcpr/mineaction/countries/sri_lanka.htm accessed January 30th, 2004

1 http://news.bbc.co.uk/1/hi/world/south_asia/1827329.stm accessed January 30th, 2004
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source of income or receive gifts in the form of furniture, televisions, stereos and car-batteries as
a source of electricity.

There is also a similar out-migration of women of the same age. In Rambukalowa and especially
in Dambuwe, two of the villages investigated, many young women are also leaving the village to
find employment as maids at hotels in the Middle East. Like their male counterparts joining the
army, this is seen as an opportunity to get out of the village to make money. Another factor in
rural-urban migration and the demographic makeup of the villages is the growth of the garment
industry. The establishment of factory and free-trade zones by the government has attracted
many young women from rural areas to seek out employment.

Village Electrification

In the areas that are examined in this study access to electricity is a major theme within
development strategies. National data show a loose correlation between higher poverty rates and
lower access to electricity. In Sri Lanka roughly 56% of rural households have access to
electricity, which is the same percentage of households in the Central province, where the
villages of Damnanetenna, Rambukolowa, and Walpolamulla are located. This area has a
corresponding poverty rate of 30%. The village of Dambuwe, located in the North Western
province, has a similar 50% of rural households with access to electricity and a poverty rate of
35%. Lastly, 70% of rural households have access to electricity in the Southern province, which
until just recently excluded Endaglaya and Pokunutenna, and has a poverty rate of 27%. The
villages in this study represent a percentage of the poor in their respective districts, and belong to
an income group below the national poverty level.

To address the challenge of rural-electrification, Sri Lanka is currently involved in the Rural
Economic and Renewable Energy Development (RERED) under the auspices of the World Bank
and the Global Environmental Facility (GEF). This program helps provide loans for rural
electrification initiatives. In all of the research areas there were households that had purchased
individual solar-power systems. These systems consisted of one 40-watt panel, a 12-volt battery
two or three outlets and with four or five CFL light bulbs. The cost is roughly 46 000 rupees
(approximately 460 USD). These have recently been subsidized by the provincial council to
decrease the total cost by a third. Individual systems can be financed over a two-year period.
This program is considered to be fairly successful and has increased the number of rural
customers and has also provided impetus for a local burgeoning solar-power generator industry
of which there are currently four manufacturers. Another popular source of electricity in the
rural areas is to purchase a 12V rechargeable car battery for 3500-4200 rupees (35 -42 USD).
The cost to recharge the battery at a station on grid is between 50-80 rupees- most users charge
their batteries once or twice a month.
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