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Abstract — The vast majority of the rural population in the ddoping countries is out of reach
of electricity and hence has to depend on the tiiadial fuels to fulfil the daily energy needs.
Providing grid electricity to the rural areas of mg developing countries is a very difficult task
due to the geographical complexity and lack of fic&al resources. The paper explains the use of
different renewable energy sources in combinatiath wfficient lighting technology as a realistic
option to provide clean lighting services to devalny countries. The application of Light
Emitting Diodes and renewable energy sources hasnba sustainable solution to the basic
lighting needs of rural people. The paper also mets a comparison of costs between available

renewable energy technologies.
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l. Introduction

After Edison’s futuristic statement over 100 yeago
—“We will make electricity so cheap that only thih
will burn candles”[1] — the wishful dream of cheap,
abundant electricity has not come true for morenttieb
billion people around the globe, more people thha t
entire world’'s population in Edison’s time. Only @it
24% of the people living in sub-Saharan Africa had
access to electricity in 2000 [2]. Electrical netks in
most of the developing countries are limited maitdy
the urban areas. In the rural areas of sub-Saharan
countries, only 2% - 5% of the population is sujeli
with electrical networks. The grid connectivity is
somewhat higher in countries such as Brazil,
Bangladesh, India, Morocco, and South Africa, with
20% - 30% of rural population having access to
electrical networks [3]. Rest of the people, who it
have access to the electric supply, use biomass and
petroleum fuels for lighting. Fuel based lighting mot
only inefficient and expensive compared to electric
lighting, but is also a severe cause of respiratang
cardiac health problems [2], [4]-[5].

The electrification rate in the developing coungrie
has been continuously increasing during the past fe
decades. The urban electrification rate is higthantthe
rural one. The world urban electrification rate was
estimated to be 91.2 % while the rural was 56.9 96 i
2000 [2]. Although the electrification rate is irgasing,
the number of households without electricity is als
growing due to the population growth. Between 1970
and 1990, 18 million people in sub-Saharan Africare

Copyright © 2007 Praise Worthy Prize S.r.l. - Alghts reserved
665

newly supplied with electricity, but the total pdation
growth at the same time was 118 million [6]. Simiia

in South Asia, due to high population growth, the
number of people without electricity grew by mokeanh
100 million during the same period. Extending the
electricity networks to rural areas of developing
countries is very expensive due to the geographical
remoteness, lack of basic infrastructures, and low
population density. Hence, the remote and ruratgaf

the many developing countries are not expecteddo b
accessed by electric networks in near future.

The use of renewable energy systems to produce
electricity is becoming a viable option in fulfiig the
basic energy needs of rural villages. There araraye of
innovative and sustainable technology solutionsclvhi
can meet the energy needs in developing countiigs [
[9]. The technologies involving wind power, solar
power, and small-scale hydropower exploit the local
resources, operate on small scale and have an tay&n
of meeting the needs of widely dispersed rural
communities. The efficient use of electrical eneigy
very important issue in these situations becaus¢hef
low level of power production capacity from these
technologies and also due to the associated costs.

Light Emitting Diodes (LEDs) are rapidly evolving
light sources. Increasing luminous efficacy, lorife-
time, and low power requirements make them suitédble
be used for lighting in the rural villages. Costadysis of
LED based lighting systems driven with renewable
energy sources in different parts of developing rioies
have shown them to be cost effective in compariaith
the existing options [5], [10]-[11]. The Light Uphé
World (LUTW) organization is one of the pioneer to
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apply LEDs for lighting in rural villages, and itds
already lit up more than 14000 homes around thelavor
[12]. This article analyses different aspects ofe th
activities of LUTW to provide basic lighting in
developing countries. Energy supply systems used by
LUTW to drive the LEDs for rural lighting are also
discussed in the article. Economic analyses ofedéht
alternatives are also made to find the best sotufiar
rural lighting in the developing countries.

lI.  Case Study: Light Up the World

Activities in Developing Countries

Light Up the World (LUTW) is a non-profit
organization devoted to the development of renewabl
energy based innovative lighting technologies fbe t
developing countries. Founded in Nepal in 1997 by
Canadian Prof. Dr. Dave Irvine-Halliday, LUTW isgh
first humanitarian organization to utilize white DS in
order to replace fuel based lighting in developing
countries [12]. The goal of the organization iskicng
safe, healthy, reliable, environmentally friendiynda
affordable home lighting to more than one quartethe
world’s population that lives without access to
electricity [13]. LUTW has become the platform for the
adoption of solid state lighting technology in theost
remote and needy parts of the world. To date, LUTW
has lit up more than 14000 homes in 42 countries,
improving the life of more than 100000 people [12].

I.L1. LEDs for [llumination

Light emitting diodes are solid state lighting dess
that convert electricity directly into light. LEDsvere
developed more than 40 years ago but were limitel¢f o
to emit coloured light. The possibility of using IDS for
illumination became a reality after Shuji Nakamiram
the Nichia Corporation developed the high brighthes
blue LED in the mid 1990s [14]. After this inventiait
was possible to produce LEDs emitting white lighihe
two most common methods to generate white lightwit
LEDs are: 1) the use of blue LEDs with a yellow
phosphor, and 2) the mixing of two or more coloured

association (OIDA) roadmap has a target to achiénee
value 200 Im/W by 2020 [18]. The other important
advantages of LED light sources making them suéabl
for rural lighting are their lifetimes measured tens of
thousands of hours, ruggedness, compact size, @and |
operating voltage.

[1.2.  Providing Basic Lighting Needs

Currently many homes in rural areas of developing
countries without access to electricity are illumied by
the use of biomass or petroleum fuel, which causaltin
problems due to the smoke produced. On the othedha
the homes in the developing countries have very low
income. The designed electric lighting systems htve
be affordable, simple, and reliabl€he aim of the basic
lighting services is to provide a safe visual eviment
for movement, to enable people to see each an@thdr
to do daily indoor tasks such as cooking, cleaning,
socializing and school homework. This is the fistep
on the path charted from a traditional lighting éusf
biomass and petroleum for lighting) to cleaner,
convenient, and modern lighting. Keeping these dhin
in mind, LUTW is not trying to light up the homes ta
North American level of illumination, but only lighup
those areas of the home where it is essentiallydade
[19]. The illumination level is chosen to provide
minimal but sufficient lighting in an affordable dn
sustainable way.

[1.3. Lighting Systems for Villages

The activities of LUTW started in 2000 from its Hir
place by lighting four rural Nepali villages Thulo
Pokhara, Raje Danda, Thalpi, and Norung. Each light
source used in the villages with the power consuampt
of less than one watt consisted of six or nine WhiEDs
(driven at 20 mA current). The light sources were
powered by electricity generated from pedal germtat
pico hydro, and solar photo voltaic systems (Tdple

TABLE |
DESCRIPTIONOF LUTW FIRST PROJECTH19]

LEDs in appropriate proportions.

Technical advances have greatly enhanced the
performance of LEDs in the past years. According to
Agilent Technologies, the lumens per package valfie
red LEDs has been increasing 30 times per decade
whereas the price is decreasing 10 times per decade
[15]. Some of the current white LEDs have luminous

Thulo Pokhara  Raje Danda  Thalpi Norung
Power Pedal Generator Pedal Pico Solar
source Generator  Hydro PV
Number of 23 (plus 31 28 45
homes Gompa and
school)
LEDs per 6 (homes) 9
light source (others) 6 Gand9 9

efficacy up to 70 Im/W [16], which is more than fou
times greater than that of incandescent lamp. The
luminous efficacy of prototype white LEDs have
reached up to 150 Im/W [17Rlthough the theoretical
maximum for luminous efficacy of white light is 400
Im/W, half of that value is estimated to be feasillith
LEDs [15]. The optoelectronics industry development
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LUTW donated all the equipment needed in Thulo
Pokhara and Raje Danda projects. The Norung project
was implemented by LUTW partner Luxtreks, a
Canadian NGO (non-governmental organization)
helping rural areas which have poor or non-existent
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lighting. For the Thalpi village only lighting sysins had

to be provided, as there was already an experinhenta
200 W Pico Hydro generation system. The power from
the Pico Hydro was used to provide lighting to two
houses fitted with incandescent lamps. All the 20ries

in the Thalpi village were illuminated when replagi
these lamps with LUTW designed LED sources, each
home provided with two LED light sources.

LUTW was the first to provide solid state lighting
medical operating theatre in Asia [12]. As part of
LUTW Indian lighting project in 2001, LED light
sources were installed in the medical operatingittresin
Bagdogra. LED light sources in the Indian villagase
powered with the mix of pedal generators, diesel
generators and the local electrical network.

LUTW has also worked as a disaster relief
organization by providing 2000 solar power LED
lighting systems to Tsunami refugee camps in Snilka
Before the Tsunami disaster, several Sri Lankalagés
had already been benefited from the LED lighting
systems provided by LUTW. By today, LUTW has
provided light to many developing countries in Asia
Middle East, Africa, and Latin America.

LUTW operates on a sustainable business model. It
promotes the creation of locally owned and operated
micro enterprises in each country. It purchases the
assembled equipment and services from the local
companies. The LUTW assisted local companies ensure
the continuation of installation, maintenance aoggort
services after the project completion. Pico Powephl
(PPN), a Nepali manufacturing company is an example
of such an enterprise [20]. PPN receives diodes at
reduced cost from LUTW and locally develops ligigtin
systems and sells them at affordable prices torthal
villagers. In addition to providing light to the we
poorest, LUTW is also promoting job creation and
guaranteeing the sustainability of the project.

I1.4. Energy Supply Solutions

The LUTW rural lighting projects have utilized a
number of different energy supply systems to potiner
LED light sources. These energy systems includeaped
generators, pico hydro, and solar photovoltaic eys.
The selection of the system depends on the avditkabi
of the local resources, local geographical situatio
costs, and sustainability of the system.

The first village lighting project of LUTW utilized
pedal power to charge a battery by using a pedal
generator (PG). The pedal generator was chosen as i
could be operated at any time of day when requiied,
was economic, easy to maintain, and could be
manufactured in the place where it is used [19]e R
consists of a DC motor used as a generator, a lpcal
manufactured flywheel, a voltage regulator, a dibit
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multi-metre, and a poly-fibre belt. The PG system i
installed at one home serving eight to twelve other
homes. The battery of each home can be rechargdd wi
the PG by only about 30 minutes of gentle pedalling
The size of the battery is chosen so that it isgioto
fulfil the daily lighting needs of each home, whidg
roughly between four and five hours per night.

The application of very small scale hydroelectric
generation (pico hydro) has great potential to pothe
villages in many rural areas. If electricity is ghaced
from the estimated 200,000 traditional water mills
existing in rural India, Nepal and Bhutan, largenmaer
of villages in these regions can be illuminated by
utilizing efficient lighting technologies [21]. Pichydro
is taken as a sustainable and viable option to jpl@v
power to rural areas. It exploits local resourcex a
operates on a small scale using flexible and madula
equipment manufactured locally. Local manufacturing
enables appropriate designs for local settings and
reduces the capital costs of the equipment. The
installation and maintenance costs are low and the
technology used is simple. In LUTW pico hydro
systems, different kinds of generators are used
depending on the availability. The turbines drivbp
flow of water rotate the machine to generate the AC
voltage, which is converted to DC to drive the LEDs

Most of the LUTW lighting projects use solar
photovoltaic (PV) arrays to produce electricity. €h
solar PV system consists of a solar panel, a leeid a
battery and a battery charging circuit. Dependimgtioe
local needs and circumstances, three different
approaches have been used in solar PV system: a
centralized solar system, a distributed solar systend
an individual solar system. A centralized systenused
in villages where the homes are closely located and
widely distributed. Solar panels in a centralizggtem
are installed in the centre of the village togetheath
battery bank and charging circuit. In case the heaee
far apart, each home can have its own small battery
which can be daily charged in the central chargim.

In a distributed solar system, a large village isided
into approximately equal sectors and each sectsritsa
own centralized solar system. An Individual solar
system is suitable for scattered homes in the gék In
this case each home having its own small panel of
approximately 5 W, and its own small battery forias
individual solar home system.

[ll. Life Cycle Cost Analysis of Energy

Supply Systems
A simple life cycle cost analysis is used to comgpar
the costs of different energy supply systems used f

lighting in the rural Nepali villages. The costs of
generating capacity are calculated foico hydro and
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PV solar systems over their entire lifetime by tadgiinto
consideration the characteristics of each individizese. TABLE I

Initially, the intention of the study was to calaté

CHARACTERISTICSOF THE SOLAR PV SYSTEM

the costs of pedal power systems as well. The pedal Generating capacity 75w

power system installations in Nepali villages wethe Cost of solar photovoltaic module NRs 30000

first projects of LUTW (started 7to 8 years agogrite Cost of battery (75 Ah) NRs 6000

no recent data for their costs is available. On thieer Cost of charge controller NRs 2000

hand, a cost comparison of the pedal systems ith t Estimated lifetime of photovoltaic module 25 years

others would not be meaningful as the pedal systeiehs Estimated lifetime of charge controller 8 years

not last to their expected life due to the mishamgllof Estimated lifetime of battery 6 years

the systems (used by kids as toys for playing, kg The components of the PV system, their cost and the
discharging of battery, wrong connection while diag estimated life time of each component is summarised
the battery with pedal generator ). Although themal table 1ll. The calculated life cycle cost is conteat to

lifetime of a battery used in a pedal system wa® tw the life cycle cost per kilowatt of generating cajig.
years, most of the batteries were out of order rafia

months of operation.

[lI.1. Pico Hydro System

I11.3. Results and discussion

A 20 year life cycle cost (LCC) analysis period is
used for each system. Using a discount rate of 4 %,

The cost calculation is made for the pico power discount factors are calculated for each cost adegr

system with generating capacity of 1.1 kW instalied year and the costs are converted into present vdlhe
the most remote village in western Nepal. The gysie life cycle costs are then converted into cost piéowatt
used to provide lighting for 70 homes. The high ttok of generating capacity to enable the comparisorhef
equipment compared to that in the other parts opde two systems. The results of the calculations are
is due to the transportation costs. All the equipirieave presented in table IV.

first to be carried by airplane and then by Yakpmrter

to reach the installation site. Some part of the TABLE IV

construction work was carried out voluntarily byeth
villagers. The local labour costs are estimated in

CALCULATION OF LIFE CYCLE COST(LCC) OF
PIcO HYDRO AND SOLAR PV SYSTEMS

Pico Hydro System

calculating the cost of the construction work. Toest Year  Base Year Discount |
components of the pico hydro system include thet cos cost factor Present value
for the equipment, dam, canal, power house, and 101 RES gggggg 0165 ’\ILFF*{S 5231%%%%
. . . . S . S
mstallgtlon work (Table 2). The costs are given in Loc NRs 760500
Nepali Rupees (NRs). LCC of per kW generating capacity
pico hydro system NRs 691364
TABLE Il Solar PV System
CHARACTERISTICSOF THE PICO HYDRO SYSTEM Year Basgs\t(ear D;;z?;nt Present value
Generating capacit
i 9 _p Y L1kw 0 NRs 38000 1 NRs 38000
Cost of gene(atlon equm_ent (generator, NRS 200000 7 NRs 6000 0.76 NRs 4560
turbine, accessories ) 9 NRs 2000 0.703 NRs 1406
Cost of transformer NRs 70000 13 NRs 6000 0.601 NRs 3606
) 17 NRs 2000 0.513 NRs 1026
Cost of conjg;cté(;r;;\llog:c(p))ower house, NRs 150000 19 NRs 6000 0475 NRs 2850
P LCcC NRs 51448
Cost of installation NRs 100000 LCC of per kW generating capacity solar
Estimated lifetime of generation equipment 10 years PV system NRs 685973
Estimated lifetime of transformer 10 years ) ) )
The LCC calculation over 20 year service life does
not show any significant difference in costs per kW
I1l.2. Solar Photovoltaic System generating capacity between the solar PV and pico

The PV systems used in the villages consist of a PV
panel, a battery, and a battery charging unit. igtem
with a generating capacity of 75 W and battery of
capacity 75 Ah is considered for the calculation.
Depending on the geographical location and distance
between the houses, this kind of system is used to

illuminate up to 15 homes.

hydro. However, the cost calculations depend gyeatl
the assumptions made and the cost varies depermding
the systems and condition and context of the viiag

The maintenance and operation costs were not
considered in the LCC analysis. There are no ojragat
costs associated with solar PV system. The maimesa
costs of a PV system are low including the costs fo
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periodic inspection and cleaning of the solar panel [3] Eric Martinot, Akanksha Chaurey, Debra Lew, Jos'ebBrto

battery, and circuits. On the other hand, pico foydr Moreira, and NjeriWamukonya, Renewable Energy Miska
Developing Countries, Annual Review of Energy and

system needs trained manpower for the operation and Environment\Vol. 27, 2002, pp:309-348
maintenance. Special training has to be given te th [4] E. Millsk,J IIWhy Wege here;: th’tlg $230-bi|lior|1 glokflaighting
; ; ; ener ill, Proceedings of the'5International Conference on
local people for (?peratlgn and minor mamtenancglwo_ ENEgRyGY-EFFICIENTg LIGHTINGMay 2002, Nice, France. p
In cases of major maintenance needed, the situation 369-385
becomes more complicated because of transportation [5] P. Bhusal, A. Zahnd, M. Eloholma, L. Halonen, Regitey Fuel
problems. The operation and maintenance costsita p Based Lighting with Light Emitting Diodes in Deveitng
. Countries: Energy and Lighting in Rural Nepali Hosne
hydro systems can be partly collected by maklng ofse LEUKOS, The Journal of the llluminating EngineeriSgciety
its power in daytime for other purposes, e.g. gid of North Americayol 3, no. 42007, pp. 277-291
grain and pumping water. [6] Doug!as F. Barnes, Robert Van Der Plas, _WiIIem_ fFloo
An energy supply system for rural viIIage Tackling the Rural Energy Problem in Developing @ties,

. ) . . Finance & Development, International Monetary Fund
electrification has to be cheap, easy to maintaind Magazine June 1997, pp 11-15

sustainable. Energy technologies that require low [7] M. Gustavsson, A. Ellegard, The impact of solar leosystems

maintenance are suited for the remote areas due to on rural livelihoods. Experiences from the Nyimbanegy
Service Company in Zambid&enewable Energyolume 29,

unavailability of skilled labour. A|thOUgh the cesof Issue 7, June 2004, pp 1059-1072
pedal power are very low and it could work if haadl [8] Doig, Off-grid electricity for developing countriesIEE
properly, it is found to be very unreliable for tharal reviewVolume 45, Issue 1, 1999, pp 25-28 .

. . [9] P. Richards, Renewable development: New strategiesiral
people with low technical knowledge. Solar PV syste electrification, Renewable Energy World Magazine
is found to be a more reliable and appropriate July/August 2006

Indian Villages, LEUKOS, The Journal of the lllungting
Engineering Society of North America, Vol 3, no.2006, pp
. 167-173
IV. Conclusion [11] R. Jones, J. Du, Z. Gentry, I. Gur, E. Mills, Altetives to Fuel-

. . Based Lighting in Rural ChinaP di f Right Light,6
Connecting the rural and remote areas of developing sﬁ:igh;ig gﬂ(‘i mMa;rzaoos ina-roceedings of Right 119

countries with electric networks is a challengirask [12] LUTW, http:/Awww.lutw.orgAccessed on 6th July, 2007.
and it is not expected to occur in the near futufee [13] R. Peon, G. Doluweera, I. Platonova, D. Irvine-ftidy, and G.
ot : Irvine-Halliday, Solid state lighting for the dewgding world:
appllcatlon of lO,C,a"y ,ava_"able renew_able energy the only solution, In Fifth International Conference on Solid
resources and efficient lighting technologies ie thest State Lighting San Diego, California, 2005, pp. 109-123.
way to provide safe and clean lighting to the wjés. It [14] S. Nakamura, T. Mukai, and M. Senoh, Candela.claigh
will imorove th li f life in the rural vill whil brightness InGaN/AlGaN double-hetrostructure bluight-
.p ove the qya ty ot life t. e. ura 8es ; e. emitting diodes,Appl.Phys. Vol. 64, no. 131994, pp. 1687-
reducing the environmental emissions. The avaiitgbil 1689.
of electric lighting will contribute to improve thieealth, [15] R. Haitz, Another Semiconductor Revolution: Thisni# it's
education, and income generation of the rural ng_htlng, Proceedings of 9 Int(_ernatlonal Symposium on the
. Science and Technology of Light Sourcébaca, NY, USA,
environments. 2001.
In choosing the appropriate renewable energy [16] Cree Announces Lighting-Class Performance for Wakthite
technology for rural lighting, the reliability and XLamp® LEDs,

. o . http://www.cree.com/products/xlamp_new_warm.a8pcessed
sustainability of the technology in local contextea on 12th July 2007.

important issues for the successful implementation. [17] Nichia achieved 150lm/W white LED development,
Solar photovoltaic systems are economically http://www.nichia.co.jp/about_nichia/2006/2006_122Mhtml

" . . Accessed on 12th July 2007.
competitive and are suited for the widely scatteregl [18] OIDA. The promise of Solid State Lighting for Gemér

areas. lllumination: Light Emitting Diodes and Organic Ltig Emitting
Diodes, Optoelectronics Industry Development Association,
Washington DC., 2002.
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