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Abstract

1.6 - 2 billion people in developing countries livedark homes, without access to electricity,
and 2.4 billion rely on traditional biomass for itheaily energy services, such as cooking,
heating and lighting. Lack of electricity and heaeiiance on traditional biomass are hallmarks
of poverty in developing countries, and women amittcen in particular suffer enormous health
problems due to open fire places. The high mignagied urbanization rates in developing
countries will continue, forcing governments todsanore on urban energy service provision
and extension. That widens the gap between pooriemcdhighlighting the relationship between
poverty and access to electricity further. Nepathwthe majority of its people living in difficult
to access areas with no roads is a typical exaofpleat. Belonging to the poorest and most
undeveloped countries, the per capita electri@tysamption is among the lowest in the world.
The geographical remoteness, the harsh climatiditons, low population density with minimal
energy demand and low growth potential, are sombeofeasons why rural electrification costs
in Nepal are prohibitive and the isolated rural m@ain villages in Nepal will not be reached
within the foreseeable future through grid extensialone.

Nepal is not rich in fossil fuel resources butastplenty of renewable energy resources, in
particular water that is running down from the Mdshalayan mountain ranges in over 6,000
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rivers. With 300 sunny days a year, the sun’s yreghilable solar energy can also be converted
into electricity.

In some of the most remote Himalayan valleys in@legmong the poorest and most
marginalized groups of people, some encouragirgsdtave been taken in regard to elementary
rural village electrification. The local availablenewable energy resources have been tapped
into, and through Remote Area Power Supply (RARS)esns, miniscule amounts of power, in

the “watt” range rather than “kilo-watt”, has beggmerated for elementary rural village
electrification. In this way several villages haeen electrified, for lighting purposes only,
through different types of village integrated s@aptovoltaic systems and the smallest kinds of
hydro power plants, called pico hydro. The lightasidered most appropriate and sustainable are
1 watt energy consuming white light emitting dio@@4_ED), providing a minimum, but just
sufficient light output.

This paper aims to highlight the urgency for appiatp and sustainable elementary rural village
electrification in Nepal, in order to create oppaities to bring light into the dark, smoke filled
homes of the poorest of the poor. It discussepdissible, appropriate technologies, such as solar
PV systems for single homes and whole villages pydro power plants and small wind
generators, for small scale rural village poweraggation schemes. It describes and discusses
some of the implemented village solar PV and pydrd power plant projects, including the
experiences gained and the lessons learned.

Keywords: Rural Village Electrification, Renewable EnergysRerces, Renewable Energy
Technologies, RAPS System, Holistic Developmenghting, Sustainability,
Appropriate Technology

1. Introduction

Nepal is a landlocked country, with India to theithp east and west and the People's Republic of
China to the north. It lies between 26° 22' to 30°N latitude and 80° 04' to 88° 12' E longitude,
with an altitudinal range from 60 m in the soutt8{848 m in the north. With its almost
rectangular shape, Nepal encloses a total ared79181 kni. The average north-south width is
about 193 km and East-West length averages 885Bmadly, Nepal lies within the subtropical
monsoon climatic system, and has five differenesypf climate$ from tropical in the south to
alpine in the north due to its immense topographiagation.

80% - 85% of Nepal's 27.6 million peopléve in rural areas, with about half so remotet the
nearest road, and indeed the national grid, isimv2h 16 days walking distance. The Humla
district in the far north-west of Nepal, is wheresnof the rural village electrification projects
related to in this paper take place (see map belolg GDP/capita (Gross Domestic Product) is
1,100 -1,370 US$ and the HDI (Human Development Index) is 0.499Nepal and 0.244 for
the Humla district Around 40% of Nepal's people are living below faverty liné.

The average life expectancy in Nepal is 60.1 y@armen and 59.5 years for wonfethough in
rural and impoverished mountain areas such as Huhddife expectancy is between 36 — 50
year$, with the women on an average 2 years lower tham. fhat puts Nepal among the few
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countries where women have a lower life expectanag men, indicating the enormous
responsibilities, hardships and burdens they caitfyin their society, especially in the remote,
undeveloped high altitude mountain regions. Nepaldn annual population growth of 2.27%,
though in Kathmandu, Nepal’s capital, it is 4.83%howing the strong urbanization trend.

The national literacy rate is given with 45.2%,.®2 of men able to read and write and 27.6%
of the womer’). Again the picture in the poor mountain regiansather different. In Humla
only 4.8% of the women are literate, and the awesagrs of schooling is just 0.88 yéars

The national average electricity consumption p@itaan the 2003 - 2004 fiscal year was just
under 70 kWh/yedf, placing Nepal among the lowest electricity constsrin the world.

Humla District
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Figure 1: Nepal map (with author’s adjustment).rirthie “End of the Road” one either has to
walk 16 days to Simikot (Humla district), or takeme hour, adventurous airplane journey
through the Himalayas from Nepalgun;j (in the vesyth at the India boarder) to Simikot.

2. Nepal’'s Energy Scenario

Nepal is poor in fossil fuel resources, and thustbamport all its non-renewable energy
resources, such as kerosene, diesel, petrol, ieglpétroleum gas (LPG) and coal, from its
neighboring country, India. The prices for thesssibfuels are strongly dependent on the global
economic and political conditions.

But what Nepal is rich in are renewable energyuesss, such as biomass, water, sunshine and

also wind in some patrticular areas. The great lisn&fthese energy resources are, that they are
free and renewable, and therefore do not incur imggoiel costs. Further, a great advantage is

Proceedings of the International Conference on Rexsde Energy for Developing Countries-2006



that these renewable energy resources are localliable, and thus can be part of the local
community’s economy and lifestyle.

2.1. Nepal's Energy Resources and Their Use

2.1.1. Biomass

With still around 80% - 85% of the population ligiim rural areas, the primary energy source
used to provide most of the necessary daily ensgegyices in Nepal since centuries, has been
fuel wood, often supplemented by crop residuesaamuhal manure, dependent on the prevailing
local customs, cast, altitude and geographical zone

According to the Nepal Water and Energy CommisSlearetariat (WECS), about 30% (or
42,054 k) is covered with forest. About 11% is covered veltttubs and bushes. Monitoring
data shows that the forest areas are annually eeduy 1.79%°. Further, forest and shrub areas
are increasingly converted to cultivated land. 999 about 15 million metric (MT) tons of air-
dry fuel wood were consumed to provide the annoat@y services. 98% of that total fuel wood
consumption is used in private households. Butatireual sustainable fuel wood production from
all of Nepal's accessible forests amounts to orl T,

Families in the remote areas of Nepal use prediees as firewood for cooking, room heating
and lighting. These activities, especially indoooking and lighting on open fire places,
consume daily 20 kg — 40 kg firewood a thaith direct chronic impact on the health of women
and children in particular, due to the enormou®ardsmoke pollution. It is no surprise that they
suffer from high rates of respiratory diseasesirast blindness and heart disédseesulting in

the low life expectancy for women and the high Heate of children < 5 years of dge

The fuel wood consumption, through tree cuttinge$b clearing and fuel wood collection, for
the past twenty years, has been well above theofatgstainable forest growth. Ever longer and
more dangerous journeys for the women and yourts} @if up to 7 hours a d&fyare now

required to collect the necessary fuel wood. This florced the local people to increasingly
utilize agricultural residues to meet their growamergy demands. This in turn results in
decreased crop productivity, increased soil eroaimharable land loss. Further, as Prof. Shhith
shows, the burning of dung and agricultural ressdue open cooking fires, produces up to three
time more indoor pollution as burning fuel wood f@estation is widespread and the once
picturesque, bio-diverse forests and valleys anepsd of their resources in unsustainable ways.

2.1.2. Hydro Power

Nepal is the major contributor to the Ganga Basithe north of India. The annual discharge of
out flowing rivers from Nepal to India is about 28ilion m*?° from over 6,000 rivers, with

many rivers losing a potential height of about 8,@@eters within a north — south distance of 100
km. This creates a theoretical hydropower poteofi3,290 MW. The harsh terrain and
difficult access to many areas limits the theoeghycexploitable hydro power potential to a more
realistic technically and economically profitablet@ntial. Therefore, the realistic realizable,
economically and technically feasible, hydropoweteptial has been estimated to be 42,130
MW?22 With this figure, and an assumed capacity facf@0% the annual energy potential of
Nepal’s rivers can be estimated to be around 306.TW
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Figure 2: Some of the major rivers of Nepal, whiattenormous north — south drop, from the
6,000 — 8,000 meter altitude of the Himalayan raiegée north, to the flat southern part, which
IS just above sea levahap from:http://www.mapsofworld.com/nepal/nepal-river-mamht

Since 2003 a total of 576 M¥#/rated power capacity, from 23 installed hydro poplants has
thus far been realized. Thus, today a mere 1.37#teotfechnically and economically feasible
hydro power potential of Nepal has been developeding the 2003 — 2004 fiscal year the total
annual energy generated was 2,381 GtMhich implies a capacity factor of just over 47%.
With an national average electricity consumptiongapita in the 2003 - 2004 fiscal year of just
under 70 kWh/year, including the enormous energy loss of ~ 24%, atiteeé mainly to the
large grid transmission line losses and power tigefnpared to around 900 kWh/y&aor most
of the developing countries, puts Nepal among dlett electricity consumers in the world.

Thus one can say that the “luxury” of having elietdty available at the flick of a switch is still a
dream for about 80%, or ~ 22 million people in Nefrakhe Nepal Electricity Authority’s

(NEA) long-term planning, 29 hydro power plantsthna total of 22,435 MW rated power output
have been proposed for Nepal's future power deveéot.

2.1.3. Solar Energy
Nepal lies in the ideal 30° North “solar béltwith about 300 sunny days a y&asSolar
irradiation measurements with pyranometers on ingckames for solar PV modules in three

Proceedings of the International Conference on Rexsde Energy for Developing Countries-2006



different geographical locations in Nepal over tberse of two years (2004 — 2005), showed that
1,950 — 2,100 kWh/year (with an average of 5.342027 kWh/r per day®) of solar irradiation
had been intercepted. The extreme values wereVBtBri* per day on a rainy overcast monsoon
day in July in Kathmandu, and 9.9 kWH/per day on a sunny late autumn day in November, in
Simikot in Humla (at 3,000 m altitude). Accordirggrecent studies, the Ry(Particulate Matter

< 10 micrometers in diameter, and thus able torehterespiratory system) values for
Kathmandu during the day are as high as 495 figfrore city areas, with TSP (Total
Suspended Particulate) values up to 572 flgitso 24-hour average values were as high as 225
ng/nt for PMy, and 379 pg/rifor TSP respectivefy. In contrast, the WHO guidelines provide
maximum average 24-hours values of 70 [’gm PMyo and 120 pg/fffor TSP. These high
values in Kathmandu are mainly produced by theficieht combustion of fossil fuels from
vehicles and the local brick kiln industry. Daygtwihick smog layers over the Kathmandu
valley, reducing the intensity of the solar irraaia by ~ 20% are not seldom. Considering this
data* solar PV modules installed at an angle of 30°ts¢ensidered as the “Nepal standard”),
can intercept 4.8 — 6.0 kWhfreolar energy on a daily average in most of thegsan Nepaf.

Since 2002 the SWERA (Solar and Wind Energy Resource Assessment) firofeter the
leadership of NREL (National Renewable Energy Labany) in Golden Colorado USA,
develops with the Tribhuvan University (Nepal’sioatl university) and the Ministry of Science
and Technology maps of the available solar resaarbkepal. Combined NASA satellite data
with some measured ground data are presented iirgaunaps with a 10 km grid for annual
global horizontal, and at latitude tilt global soil@adiation. The maps and the actual ground
measurement data recorded by the author at thifeeedit places agree within10% - 15%.

NEA has installed as part of a French governmewngldpment project in 1989 three solar PV
array systems in three remote areas (3@ kWKodari, 50 kW, in Gamghadi and 50 k}{n

Simikot), out of which the last two are still cotisred to be operational in the latest NEA power
development graphs and chattSince October 2003 the Gamghadi system hasytdélied,

leaving the people, who have had simple low povgétting in their homes for 14 years, again in
the dark. The Simikot system (see picture belowyigles since the late 90s only DC power

(both the 5 kW and a 50 kW inverters failed dutati of maintenance/repair funds, spare parts
and skilled professionals). For ~ 100 householdk egtch one to three 40 — 60 watt incandescent
bulbs not connected to an on-off switch, only 1efns per day indoor lighting is provided.

- — =

Picture £ Simikot Humla 50 W Solar PV tm, ae6 yas of opation
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While one has to recognize that 16 years of op@rati such a remote area, with such an extreme
and harsh climate, with minimal maintenance, betigéal planning and budgeting would have
enabled the system to continue to provide its \@&ibghting energy services for probably
another 5-10 years. These central solar PV sydsteough have prepared the way for the solar

PV technology to have a good entry as an appr@paiatl sustainable technology, using the
available local solar energy resource to generategy, mainly for lighting purpose. NEA also
installed over the years smaller solar PV systemsaimotely-located mountain air strips for the
civil aviation, for national telecommunication $tais and some drinking water pumping systems
in the lower flat areas, amounting to a total cégasf about 200 kV¥ still operational.

In 2001 the government of Nepal, mainly throughfthancial support of the Danish
government, established a solar PV home system)(Siidy prografi. That enables families
living in the remote and poorer mountain regiongnstall a SHS mainly for lighting (10 ¥V

40 WR). Under that scheme, till the end of November 2@0ftal of 61,892 SHS have been
installed in 73 out of the 75 districts of Nepalthwa total peak power rating of 2,024.574 kW.

This growing demand for small scale SHS broughthfarmushrooming of solar energy
companies in Nepal. While this is encouraging,albtompanies have sound infrastructural and
technical bases to provide quality products aner afhles services. The latter in particular are
very poor, as no subsidies are available for thEmerefore many systems once they are installed,
are listed in the books and statistics, but ardaltmwed up or properly maintained. Thus while
the statistics look encouraging, with an approprianewable energy technology starting to make
a difference in the lives of the poorest, the ddimets may show a very different pictdfe

A solar energy conversion technology more widelgduand installed in urban areas is the solar
water heater (SWH). The thermo-siphon SWH technolegs transferred from Switzerland to
Nepal in the early 70s and has now around 220 lKatimandu based SWH manufacturers.
Most of the locally manufactured SWHSs are of thmsa&ld technology and size, as the focus
was mainly on economic competitiveness among tstegi@mwing number of manufacturers. The
average local made SWH consists of a 2 % @8bsorber with galvanized steel pipes and steel
absorber fins. Each unit has a 150-200 liter waotWater storage tank, insulated with 50 mm
glass wool. The overall efficiency [energy gainedhe hot water (MJ) / incoming solar
irradiation (MJ)] is low (~25%). Though there aredetailed figures of installed solar water
heaters available, it is believed that between@®D;080,000 units are operational in Nepal.

Since 2001 the Kathmandu University, under the maathor’s supervision, has been engaged in
an applied research project for an improved SWHehtmt wider use. The research project
focuses in particular on a locally manufacturechtagiitude SWH technology to run under
freezing conditions, as a thermo-siphon systemirsA d@init for a high altitude village SWH
bathing center, was installed in November 2005imilt Humla (see picture below) and is at
the moment of writing undergoing its first fieldste during the cold winter months at an altitude
of exactly 3,000 meter above sea level (9,843 fé€atge approved, it will be finally installed as
part of a participatory holistic community develogmh project in the village of Dhadhaphaya
(see pictures 27 — 32, 39 — 46) in Humla, in SpA0Q6.
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Picture 2: First unit of the Nepali made High Picture 3: The High Altitude Thermo-Siphon
Altitude Thermo-Siphon SWH, with opened SWH in closed, or after sunset, position. The
reflectors, designed to act as night time insulation all around the absorbers and the hot
insulation, beside the ability to empty the water storage tank consists of 100 mm
absorbers and pipes. A horizontal and 40° fixg@dlyurethane foam. Four thermocouples on one
angle (same as the absorbers) pyranometer, absorber measure the water temperatures at
allow the monitoring and recording of the different heights, and 4 thermocouples,

actually received solar irradiation on the total installed at different heights, measure the hot

absorber surface for exact efficiency water storage tank temperature and
calculations. The full size (4 units) of the Highstratification. All data is recorded every minute
Altitude SWH bathing center system is for the first 5 months of field tests during the

designed to provide hot water for 1,100 peoplejnter of 2005/6. Initial efficiency calculations
for each to take a shower every two weeks. showed values of 45% - 55%.

2.1.4. Wind

Nepal is not very windy, as it is landlocked, amg dio its unique geographical conditions, it has
very few large flat areas of land. But there aneotes areas where rivers have cut deep north —
south valleys into the massive Himalayan mountange, stretching from the east to the west.
Thus many valleys do have strong average windsibtptihrough them, and thus could
enormously benefit from using their local wind emperesource (see Nepal relief map).

The joint SWERA project has not yet obtained sugfit wind resource data to create any
national wind resource map. Thus the country’s mitaewind resource can still not be assessed
sufficiently accurately, and therefore local avialidawind resources would need to be first
evaluated/measured (time demanding and expensi¥ei)eba project can take place. Further,
being directly related to the solar radiation amellbcal geographical, local wind conditions in
regard to strength, continuity and direction, cheawgry rapidly according.
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Figure 3: Relief Map of Nepal shows some of theandgep north-south valley,
creating a natural Venturi effestiap: http://www.bugbog.com/maps/asia/nepal_map.html|

With the huge water resource, a maturing hydro pomduistry, and increasing awareness and
implementation of solar PV projects under governiaesubsidy programs, it comes as no
surprise that hardly any wind generation projeetgehbeen implemented in Nepal.

The few wind generator projects (known to the naithor) can be summarized in the following:

1.

A first 30 kW wind generator was funded by the Bangovernment and installed by NEA in
2001 in Kagbeni, Mustang district, which is a wich village at the bottom of the
Annapurna valley, the world’s “deepest valley” (se&p above). But already after a few
months a strong gust damaged the wind turbineddsigo badly that it was beyond repair.
In 2001 an imported Synergy S5000DD wind turbine wetalled as part of a small hybrid
(750 Wk solar PV array and wind turbine) system as poweeegation for a high altitude
rescue clinic for alpinists, in the Mt. Everestioggin the village of Pheriche. Apart from the
installation the local industry and community hadpart and benefit from it.

ITDG installed six small scale wind home systemthwiattery charging across Nepal.
Emphasis was given to local manufacturing, andaim some local people. While this is the
right approach to develop a future local manufactundustry, no feedback or news has
been made available on the outcome or resultsegbtbject.

The main author has himself installed a self-maudallswind turbine with 180 W output
power in 1998, and run it for 4 years in the renata of Jumla, north west Nepal
(http://www.lichtinnepal.ch.vu). While that wind turbine was running without aaylure for
4 years, generating small amounts of energy, justigh to charge the batteries for one
home, the actual installation place was not ideal.

Since 2004the KUPEG (at: http://ku.edu.np/~kupeg/reserch/ashtml), started a small
scale wind turbine design and manufacturing prajader the guidance of Dr. Peter Freere.
Appling locally available technologies, equipmentaesources, along side the training of
local craftsmen, are part of the strategies.
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These examples show that the application of smaaleswind turbines for rural village
electrification in Nepal is still very much in itsfancy and that no project has thus far made
headlines.

2.2. Nepal's Energy Consumption Pattern
Interesting trends can be seen in the followindetébigure 4), showing the energy consumption

pattern and growth for Nepal's non-renewable antewable biogas and micro hydro energy
resources over the years 1990 — 2002, presentedl jor 16% watt).
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Figure 4: National Energy Consumption data for N&880-2002WECS Data-2, Chapter 3: Rural
Energy-Pressure, State, Impacts and Respohdpsiwww.mope.gov.np/environment/pdf/state/chepisdf)

While in 1990 the traditional fuels still made u@?® of the total annual energy consumption, in
2002 they are still providing 86% of all energywees. In actual mass the consumption
increased by 27.5%, while Nepal’s forests shrundr dke monitored time period by ~ 22%. The
per capita traditional fuel consumption decreasenhfl,072 kg per year in 1990 (with a
population of 18.1 million and an assumed mixeditr@nal fuel energy value of 12 MJ/kg) to
987 kg (or — 8%). This, resulting from the shargré@ased consumption of imported petroleum
fuels in urban areas (the typical climbing up om ‘tenergy ladder*® in developing countries).
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Compared to the average world wide per capita bssncansumption between 1994 and 2005 of
1.9 kg (average population of 6 billion people andtal annual biomass consumption of ~ 50.7
EJF®, with an assumed mixed traditional fuel energyieadf 12 MJ/kg), Nepal still has a 42 %
higher biomass per capita consumption of 2.7 kgypar (25 million people and 12 MJ/Kkg).

During the same time period there has been an alimedold growth in the consumption of
non-renewable petroleum energy resources, mostiphétransport sector. With 57%, or
183,402, of all of Nepal’s registered vehicles @02 being in use in the Kathmandu vaffeyt is
clear why Kathmandu suffers from serious air p@iufproblems. Also the massive increase in
coal consumption, in particular from 1999 to 20@@h an almost four fold increase, indicates
that the industrial use of heat energy (especialiyhe brick kiln industry) is sharply increasing.

Electricity consumption, though almost exclusivggnerated with hydro power in Nepal,
increased almost 3 times over the monitoring pernath an average annual increase of ~ 10%.
While that indicates an infrastructural challengeneet such a demand growth, the amount of
electricity consumed in the whole energy mix wasatly 1.47 % of the total in 2002.

The energy services generated through renewalé¢m@iuding any solar energy services),

show a widely fluctuating picture year by year wgtiowth rates between 10% - 30%, and more
than a ten fold overall increase during the recaygieriod. But the actual energy generated by
renewables is still very low, and contributes lgms 0.5 % of the whole energy generation mix.

The high rate of growth in energy consumption iatks the need for clearly defined long-term
energy policies, which take the unique and fragilmalayan ecology into consideration. These
policies must be sensitive to the delicate envirentnallowing people to utilize the locally
available renewable energy resources on a comygehisis with the non-renewable energy
resources. That would allow Nepal to protect wizet still be protected, and may help to restore
to some extent what has already been harmed thtbegimcontrolled growth in consumption of
fossil fuels and inefficient combustion processes.

3. Approaches for Improved Energy Services for th&oorest of the Poor in Nepal’s
Remote Himalayan Villages

As mentioned above, 80% - 85% of Nepal’s 27.6 onllpeople live in rural areas, and ~ 80%, or
22 million, still have no access to electricity.the following chapters various approaches to
improving the energy services, mostly for lightimgrposes, for marginalized and disadvantaged
mountain communities, are highlighted and discussed

3.1. Grid Connection

Nepal’s national grid (total length is 4,346 kmyissigned, built and maintained by the
government owned NEA, providing around 1 milliorstamers with grid electricity. These
consumers are mostly located in the few urban aedsighly populated flat, subtropical
southern part of Nepal (see figure 5). The fewtagsgrid extensions into the more rural areas
are characterized by frequent overloading, poadaldity, high line losses and power theft. The
lack of grid extensions is understandable in th&ext of Nepal, as they are usually very costly,
long-term investments. Further, the remote and radious areas are not only a challenge from
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the technical and geological point of view, but sparsely populated, with few consumers per
square km, with low energy demands and low expdotedi growth. Consumers are charged a
flat rate, if at all, which provides no incentivedonserve electricity.

7]

Piciure 4: Even though this resident had t
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Figure 5: NEA'’s existing national electricity
grid, which is mostly connecting urban areas improvide land for transmission poles, it has not
the flat low altitude areas of Nepal. enabled the electrification of the home.

All of these conditions have placed great preseurBlEA, and the company has recently been
restructured into three business units, the geoearatansmission and distribution and customers
services (retaiff. These units now aim to become profit-making besses. Thus there is now
even less hope for future rural electrificationjpots through NEA, which are non-profitable but
serve the poor and remote mountain communitiesh&gyrexisting rural power generation plants
are being sub-contracted either to interested f@i®ampanies or to the communities themselves,
to run them as local businesses. But most of tleeantydro power plants have been originally
designed and built with the traditional approacCvatts per household” for incandescent
bulbs, making them too big and too costly for theal communities to maintain and repair.

3.2. RAPS Systems

Nepal’s unique geographical and topographical dos demand new approaches and
technologies in order to reach the 22 million pedpling in difficult and remote mountain areas
without electricity. A viable option to grid extens is the generation of electricity within, or

near to, a community, using locally available reable energy resources. One solution that is
growing in popularity is to generate the requiresvpr locally through a Remote Area Power
Supply (RAPS) system. A RAPS system can be defaseal power generation system, generating
electricity for rural homes and communities. Sugstams are small scale (usually <50kWp) self-
contained units, providing electricity independehthe main electricity grid or mini grid

network. RAPS systems range from small petrol geines, able to power appliances directly, to
more complex installations using either renewahblkergy only, or in combination with a diesel or
petrol generators.

A RAPS system that has a combination of energycgsiiisuch as a wind generator, solar panels,
petrol or diesel generator, battery charge costystem, battery storage and inverter, is called a
hybrid RAPS system. For the remote mountain aredepal a RAPS system will usually

contain solar PV panels or wind generators. A pgtovered back-up generator is not a feasible
solution for the remote and impoverished mountammunities, as the transport cost for fossil
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fuels (carried by porters for days or weeks) iseafistic. When the renewable energy resource is
not available for prolonged periods of time, theyw@ensure an appropriate back-up system is to
design a battery bank, able to provide the requereztgy for a realistic span of time.

RAPS systems are often designed with 20 yeargXifectancy, and it is good engineering
practice to include in the life cycle cost all tecessary operational, maintenance, repair and
spare parts costs. This provides a realistic enengy(kWh) price that each consumer has to pay,
in order to keep the RAPS system operational. dbally available energy resources, the
community’s average daily energy service demamusuding a realistic future load demand
growth) and their affordable budget will determthe kind and size of the RAPS system.

Nepal’s rich resources in hydro power and sunsbamebe utilized locally through appropriate
renewable energy technologies such as micro-hygk\( — 100 kW) and pico hydro (0.1 kW —
5 kW) power plant€, or solar photovoltaic modules and arrays, to gErehe desired electrical
power to meet basic energy demands. RAPS systemaroaide a realistic and appropriate
solution for the vast majority of Nepal's populatistill without access to electricity according to
a community’s identified needs and financial cafighwithin their foreseeable lifetime. Further,
often it is the community that owns a RAPS systéhus in order to have strong ownership for
the RAPS system, the community has to participetigedy in each project step. That starts with
the initial planning (defining and setting all tharameters of a RAPS system) and designing
stage, the building and installation of the RAPStam, as well as operating and maintaining it.
Local people are trained in the basic theory antherjob in all practical installation and
operating work, assuring a high degree of ownerahgbthus willingness to maintain and repair
the RAPS system. With such an approach and implatien, a RAPS system can provide basic
electricity demands, which are often limited toneémtary lighting, for even the most remote
communities in appropriate and sustainable waygédars to come.

3.3. Elementary Rural Village Electrification

One of the first questions to ask for any villatggceification system design is: “What is the most
important energy service demand of a family inragte mountain village?” And most of the
time in remote villages the answer is: Light. ld@rto design an appropriate electrification
solution for lighting purposes, it is importantunderstand the methods and technology people
have thus far used to fulfill their lighting needs.

For example in the high altitude areas in Humlayruter to provide light in the otherwise-dark
homes (as most have only very small unglazed wiisdehich are mostly closed due to the

cold), every home creates light inside their homélrning the traditional “jharro”, a stick of
resin soaked pine wood (Picture 5). They cook Wwi#gwood on an open fire, with either three
stones, or a three-legged metal piece, called dnaw” (Picture 6). Needless to say that the open
fireplace and the “jharro”, burning all eveningeate very unhealthy living conditions.
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Picture 5: Open fire place cooking and "jharroPicture 6: Open fire place cooking is the
burning. The traditional way of having a smalltraditional and common way to cook the daily
dim light inside the home is the “jharro” (resinfood. The mother, and often the children, sit
soaked pine wood stick burning to the left, withround the smoky fire as the meals are prepared.
a one evening ration ready to be burned at th&/omen and children are most likely to suffer
bottom left). Burning “jharro” emits thick blackfrom exposure to the indoor smoke pollufiyn
smoke which adds to the already unhealthy causing health hazards such as respiratory
conditions created by open fire place cookingdiseases, asthma, blindness and heart difease

In this context, what options are available otlhantthe smoky “jharro” for providing light for
each home, light that is necessary for cookingnenegatherings and children’s study times?

Behind most of the remote micro-hydro power plawjgxts is a financially strong and dedicated
sponsor, without which such projects would not bie & take place. The bulky equipment for a
10 kW or larger micro hydro power plant weighs sal/thousand kilograms. Once installed,
experience shows that it is almost impossible sondintle it, when it is in need of repair due to
failure. The technical expertise is not availabléhe village and the high transport cost for
porters and air freight are prohibitive for mostlodé poor mountain communitigsThese issues
raise serious questions of appropriateness andisabtlity of this otherwise widely approved
and acknowledged technology.

But what kind of electrification technology and ®&yms is appropriate where the local people have
identified home lighting as their most urgent ne€dnsidering the local community’s needs,
demands and financial capability (most of thembalew the poverty line), a basic lighting
system, that is affordable and reliable, is whaytheed. In order to provide a possible solution
for lighting in this context, it is important toast improvements at both ends, the power
generation and the light power consumption. If [gewer is needed for the lights, less power
needs to be generated. Smaller systems are afimagcial burden for the local community, and
thus more affordable without an external sponsortier, they are normally easier to build,
operate, maintain and especially to repair, if tfagly They can also be designed in closer
partnership with the local community, making thdra proud owner of the system. Such a
system is called an elementary village electrifaasystem.
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3.4. Appropriate Lighting Technologies

In most homes, which are powered by a micro-hyadnegy plant, and sometimes even by a solar
PV system, in the rural mountain areas of Nepal3 2lncandescent bulbs, each 25 - 60 Watt, are
installed. Thus a village with 50 homes needs &\W0micro-hydro power plant. The local

people do not know any other lighting technologmystthey never questioned its appropriateness.
An incandescent bulb has a life span of 750 - 1/@fls. They are easy breakable, and to get a
new bulb in the remote mountain areas is diffiduthe consuming and expensive. Every single
light bulb has to be flown in by airplane, and tlvanried by porters to the main bazaar, before
one can purchase one at an exorbitant price. iftaduality CFL (compact fluorescent light)

bulb, with a high Power Factor (PF) of > 0.9 isdufeicture 7), which consumes 7 — 11 watt
(and is comparable with a 35 — 55 watt incandedoelht with respect to its light output), the
power generation can be 5 times smaller for theesamount of homes and lights. Further, CFL
lamps have life expectancies of 8,000 — 12,000halthus, a 2 kW pico hydro power plant
would be enough to provide the same lighting sesvior the same village.

Even less power needs to be generated if 1 watewight emitting diode (WLED) lights, as
shown in Picture 8, are used. Further, the expditeetime of WLEDs is between 50,000 —
100,000 hours according to the manufacturers. Babmparison to good quality CFL lamps,
with around 80 lumens / watt, WLEDs are still 50%00% lower in their lumens / watt rating.

While the future prospects for increased light atitf WLEDs looks very promisiri§ some of

the best WLEDs (as e.g. the Nichia NSPW 510BS wifi®° light angle), produce only 26

lumens / watt. However, we have already some ofatest WLEDs under testing (Nichia NSPW
500CS with a 20° light angle), which have beend g the manufacturer to produce 56 lumens /
watt. While still more WLED lamps have to be inkdlin order to match a CFL lamp's light
output, the power generation can though be redhgedfactor five — ten for the same level of
service.

Picture 7: High quality CFL Lamp 11 watt
(from Ultralamp), with a high Power Factor
(PF) of >0.9, and with a life expectancy of  Picture 8: Nichia NSPW 510BS (9 diodes with
8,000 — 12,000 hours. Its light output can be a 50° light angle) WLED lamp, consuming 1
compared with a 55 watt incandescent bulb. watt, with a life expectancy of > 50,000 hours

Our aim was to design an elementary rural villdgetdfication system for lighting purposes for
the poorest and most remote mountain communiti®epal. It is obvious that WLED lamps are
the most appropriate and sustainable solutionlfil the local people’s identified demands for
minimal lighting. Their high availability (light eitting diodes are almost unbreakable compared
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to incandescent and CFL lamps) and sustainabiliith(an extreme life expectancy of >20
years), makes them very suitable for such projects.

4. Technologies Appropriate for Improved Energy Sevices in Nepal's Remote Himalayan
Villages

With the identified and estimated renewable eneegpurces in chapter 2.1. and the approach
needed to reach remote and impoverished mountéages and communities with an elementary
rural village electrification project discussedcimapter 3.3. and the most appropriate and
sustainable lighting technology for the contextleated in 3.4., the base is laid to choose the
right renewable energy technology.

Among the various available renewable energy telclgmes, very small hydro power plants,

solar PV systems and small scale wind turbinesndede the most applicable technologies. It is
important in order to increase the possible sucokagroject, that the most appropriate and
sustainable technology for a defined context issehoThis leads to initial questions such as:

« Is the technology chosen based on: Least-CostePeefby the Community, Sustainable?

e Has sustainability been considered before effigr@nc

* Can the power system be technically, economicsadigjally and environmentally
sustainable?

» Can the consumer afford the energy services oedlifthcycle time of the system?

* Can the end users participate in all steps of tbgts and can they be trained to operate
and maintain them?

« Is the technology also culturally appropriate acceptable to the end users?

* Can needed spare parts be made available froro¢hErational market in due time and
for an affordable price?

e Can all stakeholders’ (end users, project implegreionor) expectations be met?

e Can new activities and possible income generatiojepts be an outcome?

* Can the overall living conditions of the villagdrs improved?

These questions have to be asked and answereiddatity by all stakeholders of a project.
This is time consuming, with often additional costhich are hard to justify.

In the following we will look into the three majapplicable and locally available renewable
energy technologies for Nepal's remote mountailagés, hydro power, solar PV systems and
small scale wind turbines.

4.1. Hydro Power Plants

With Nepal's vast hydro power potential of 42,13W/Mt is obvious that this technology is the
one to consider first. The hydro power industriNepal distinguishes between large scalé(
MW), medium scale{ 1MW < 10 MW), small scalex(100 kW< 1 MW), micro hydro¥ 5 kW
<100 kW), and pico hydra<b kW). As the context of our study is small scadepr generation,
for basic lighting services only, this paper's sl is limited to pico hydro power plants.
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4.1.1. Pico Hydro Power Plant and Case Studies

As the name indicates, pico hydro power plantsht® generate miniscule amounts of power
from a small stream or river. The actual amourgaier generated ts5 kW, and they are

mainly intended as power generation plants for temilages which have identified their energy
service demands as basic lighting, as part of thietrexposure to electricity.

Thus in Nepal in the mid 90’s NHE (Nepal Hydro Etamty) developed, with input and field test
results from the main author, the first pico hydoaver plant, generating 200 watts. It was
mandatory that only material and equipment thatelable, or could be manufactured, in Nepal
was used in making this plant The principle of gsamrmotor as a generator, according to the
famous book “Motors as Generators for Micro-Hydower”, by Nigel Smitf’, was the basic
approach, as small induction motors are these walely and cheaply available in Nepal. Using
a motor as a generator achieves not the highesiegities, but it is an appropriate technical
solution for the context in which they will be usdhe technology is easy to understand, operate
and maintain, and rough enough to survive the hamshdifficult conditions under which they
have to work for years, with a low failure rate.

A first 200 watt (though in the field only produgimitially 165 watt) pico hydro power propeller
turbine, was installed in the village of Thalpi,tire remote Jumla district of north-western Nepal
in 1997, followed by the second in the neighbormigge of Godhigaun in 1998. The pico hydro
power plant is designed with a low negative head, #ses 25 liters of water per second. The
negative head means, that the pico hydro planaltasical shaft of 8° after the propeller turbine.
That shaft is 2.1 meters long, and can be installdetween the farmers’ terraced fields, which
are frequently watered. In this way no additionatev to run the pico hydro power plant needs to
be diverted from the fields. As each pico powenpla in itself a contained unit, it is easy to add
further plants in series if the energy demand efahd users increases. For the Thalpi village a
total of 30 households (with a total of 245 peojpled three WLED lamps (each consuming 1
watt) for each household were installed. There neadetailed life cycle cost analysis carried out
(as most of the local materials used have no tvatlee and thus would need to be estimated
first). But every household pays 15 NRp (Nepali & which is 20 cents US $ (spring 2006),
towards the maintenance, security and repair ctusteake the systems sustainable.

It has become customary that all the transmissidahes (armored cables) are buried
underground, despite of the substantially increasstl This is justified because of the enormous
amount of forest degradation in Nepal's high at@tiHimalayan areas, and thus no further trees
for transmission poles have to be cut throughositifetime of the power plant. Further,
underground cables are protected from the ofteshhaeather conditions, such as snow,
torrential rains, storms and lightning.

In both the following case studies from the firgbtpico hydro power plant installations in the

Jumla district (see pictures), no cement has beed aither for the power houses or for the water
canals, which get their water from diverted smaiams.
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Plcture 9: The Thalpl V|Ilage people built thePicture 10 The power house and the water canal
whole power house and stone/wood water of the Godhigau village 165 watt pico hydro
canal, as part of their project input, thus  power plant are built with local wood, with no
being rightly proud of their pico hydro plant.cement which is prohibitive expensive.

Picture 11: Pico Picture 12: Wooden Picture 13: Installation Picture 14: First test if
hydro power plant water canal of the of the Thalpi pico in light can be generated.
generating 165 wattGodhigau pico. the wooden canal What a life experience!

Picture 15: Even under Picture 16: Now there is Picture 17: Besides Picture 18: The
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harsh climate condition no need anymore to burrsocializing, basic young ones
(down to - 20° C) the  “jharro” to have a small literacy education isa grow now up
pico was performing light inside the home,  major part to increase with light inside
well and flawless. and the air is clean. the people’s awarenesstheir homes.

In each village several people, chosen by thegellpico hydro power plant committee, have
been trained to operate and maintain the pico pp¥aats, and to inform the project implementer
of problems they can not handle. One of them i3 alwatch man, responsible for the security of
the power plant. He is paid a small monthly safewyn the fees collected each month from the
users. Thus the pico hydro power plants are manadjgdy the local village and the sense of
ownership is high as they all have put a lot ofihaork into carrying of the equipment,
organizing all the local building materials, andithng of the power plant.

The first 1.1 kW pico hydro power plant (with 8€lis of water a second, and 2.5 meter negative
head, which gives an average efficiency of ~ 56%) the installation phase in a remote village
called Kholsi in Humla. As the lights are usually anly for several hours in the morning and
evening, the power plant has a low load factortAs village has a high altitude climate, they are
always in need of warm/hot water. Thus a “watetingadump” load was designed for any
overproduction (full power during the nights angslato a 500 liter hot water polyethylene
storage tank, well insulated with locally availablaterials. Thus the community has access to
warm water for washing and in the morning when thtayt cooking their rice. In this way again
more fire wood for cooking can be saved, additidadhe savings already achieved (on an
average ~ 40% if properly used) through the impraradkeless metal stove (pictures 39 & 42).

What are some of the advantages and disadvantbggqsap hydro power plant?

Advantages:
e ltis alocally available and maintainable techiggiocheap to run and easy to operate.

e It runs under harsh and low maintenance conditions.
* The generator is so small that it can be carriedrily one person.

e Several pico hydro power plants can be installesenes once the power demand grows.
* No cement is needed for the construction of theggdwuse and water canals, as carrying
it by air plane and then by porter to the hightadte area, increases the price ten times.

* The local end users can be involved in each prageg, especially in the building phase,
as they have to organize all the local materiath &8 wood, stones and mud.

* Through the intensive participation of the locatmcounity a strong sense of ownership is
created, which is important for long-term sustailitgb

Disadvantages:
* The technology (the induction motor and simple pilgp blades) is not very efficient.
e ltis designed for a “first time” rural village @fification, mainly for lighting purposes.
* The pico generators are induction motors, thusis¢aa motor could lead to difficulties
in regard to severe voltage drop or even loss ota&tion (but the pico power plants thus
far installed are all exclusively only for lightimmirpose).

4.2 Solar PV Systems
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With an average solar irradiation of 4.8 — 6.0 kitth(see 2.1.3.) for Nepal as a country, in the
high altitude areas the solar radiation resour@e isost places at the upper end of the scale, if
the location is not extremely shaded from surronganhountain ranges or in a deep valley. That
highlights the importance of having exact and l@éadata for the local prevailing conditions.
Again, one of the crucial points for each solar\®\age project is to use and install as much as
possible locally available or locally manufactuesgipment. That increases the appropriateness
of the project, and helps the local industry torgin a more independent way, creating new
income for the society, as well as teaching newssta craftsmen - all important parts of a
holistic community development project.

It is important to underline, that any rural vileglectrification project is never implemented as
an individual project, but as part of a much wildgrg-term holistic community development
project in that particular village and area. Thigs the elementary rural village electrification
case studies described in the chapters 4.2.2. @8l 4re each part of a holistic community
development project including a smokeless metalestmd a pit latrine for each family, access to
clean drinking water from various taps in the g#aa greenhouse and a non-formal education
(NFE) project for mothers and out of school chifdrin this way synergistic benefits occur and
increase the overall positive development outcooneéch village, family and person
substantially beyond those of a single individuatyplemented project.

4.2.1. Solar PV Home Systems (SHS) and Case Study

The most straightforward approach is to instalinal scale solar PV system for each single
home, called a solar home system, or SHS. Thisalgasin the mind of the policy makers for the
solar PV home system subsidy program as mentianelapter 2.1.3. On each house one solar
PV module, mostly between 20 — 40 watt rated pawéput is installed, with up to three 10 —
20 watt fluorescent tubes. Each system has a dek&y cycle battery of 40 — 75 Ah capacity and
a simple charge and discharge controller, to ptakecbattery from too high discharge and
charging rates. The price for such a SHS is higtyrad NRp 20,000 — 25,000 (~ US$ 278 —
347), and thus is not affordable by anyone in #@meate areas without a subsidy.

There are now many cheaper SHS available on theiggdSHS market, but their quality and
performance is often questionable and thus theypaireonsidered to be appropriate for remote
areas (nor in fact anywhere else), and thus theyar considered further in this study. The SHS
subsidy program created by the government’s AEP@(@ative Energy Promotion Center),
started in 2001, and is defined as followt://www.aepcnepal.org/sp/se.php

1. Subsidy will be provided to SHS of 10\20 Wk and 30 W or more.

2. The maximum subsidy for SHS of 3@Wapacity or more will be NRp 8,000 per system.

3. Additional 50% and 2.5% subsidy per SHS systemvéglprovided to the users in remote
village development committees (VDC).

4. The level of subsidy will be reduced each yeahatrate of 10%.

5. The subsidy for SHS used by public institutionshsas the VDC buildings, school, Club,
Health, post/ Centre etc. will be as high as of Z8%e cost.
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Poor families will not have the economic capabitdypurchase a SHS once the subsidy has run
for a few years, as the purchase cost is too lagth there is no substantial cost decrease in the
foreseeable future for solar PV equipment. Furthere is no clear follow-up program in place
despite the requirement that the installers’ ard thee last 10% of the total subsidy only after the
SHS has been running for one year. That is notgmotian incentive to provide the end users
with appropriate quality equipment which will |dat longer. Thus most of the installers do not
really count on the last 10% and there is verielfitrethought to how the installed SHS can be
followed up and maintained beyond that one yeae feriod.

Therefore it is recommended that SHS projects shbelrun as part of a long-term holistic
community development project, with the end ussradive partners (participating through their
voluntary work as well as some financial contribajitogether with the implementer (who works
on a long-term basis in that area) and the donem@g(who provides the main project funding
according to an agreed project proposal and budgle¢) following pictures show SHS
implemented in Khaladig village in Jumla, as pdira dolistic community development project.

*’ g -."'. - I‘N. PR s : ‘ T s i
Picture 19: The first step is always to raise Picture 20: Picture 21: Both
awareness in the community and to inquire and Transportation is one genders have to be
define what their needs for energy services are.of the hard tasks. involved equally.

Picture 22: On the job training Picture 23: Teaching and Picture 24: One 40 watt
through hands on installation  learning go hand in hand solar PV module for 3 lights
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Picture 25: 20 watt fluorescent Picture 26: Training the end users to maintain @ruct
tube basic repairs is crucial for sustainability of ewsolar
energy project.

4.2.2 Village Cluster Solar PV System and case sy

While SHS are a very appropriate technology toglight into the homes of single homes in
remote villages, we learned that an even bettero@gp is to get the whole village motivated to
apply as a community for an elementary rural vélaectrification project. That brings the
dynamic, skills and work force of the whole villagemmunity into the project. Further, it
creates a challenge and responsibility for eachqmeof the village to participate in the project,
thus including the poorest, marginalized and hapmped. The common planning, designing and
building of the village power system creates arggreense of community project ownership.

Over the years, two approaches, the village clssilar PV system and the village central solar
PV system have been developed in order to elecnfjole village. Which of the two
approaches is chosen depends mostly on the vidlaggeiation in regard to the positioning of the
houses and the village’'s geographical position @megbto the sun’s path over the year.

The village cluster solar PV system defines indnaildclusters of up to 15 houses in such close
proximity to each other, that all of them can bsilganterconnected with each other through
armored underground cables. The house in the migldihes cluster's power house with one BP
275F silicon monocrystalline solar PV module withVlr on the flat mud rooftop. Further, one
charge- and discharge-controller and an appropyiaieed and well insulated battery bank are
installed inside the house. Each house has threeDNamps. Thus up to a maximum of 15
homes, with 45 WLED lamps are connected to ondaluwith 5-6 hours of light per day. Each
cluster has a newly developed electronic fuse ttept the system from misuse and overloads.
The following pictures show and explain the villagjester solar PV system in Dhadhaphaya
village in Humla, installed as part of a holisteamemunity development project from January
2005 on. Since September 2005, 18 clusters (wibtahof 1,182 W installed solar PV
modules®, for 170 homes (total 1,067 people), with 510 WLEjhts are operational. Each day
the trained local operators provide power fromdhuster power houses to each cluster house for
a total of up to 6 hours, 2-3 hours in the morrang 3-4 hours in the evening.
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Picture 27: clusters, Picture 28: One 75 W Picture 29: Cluster  Picture 30:
each with 8-15 module, adjustable to the power house with chargeChecking the
homes connected season, fixed with stones controller and battery  battery and charger

Picture 31:Projctaff and ustII the ISBM Picture 3 WLED Iatmpé per
systems together, creating knowledge, skills andevship household create clean indoor air.

4.2.3 Central Village Solar PV System and case sty

If the geographical conditions are favorable arhbuses are built closely together, the
elementary village solar PV system can be buili asntral system, with a central village power
house containing the battery bank and the chargkdescharge-controller for the whole village.
On top of the central power house a 2-axis setkirg frame, developed and built in Nepal,
holds four 75 W solar PV modules, enough to power the whole w@laiChauganphaya with
63 homes and each with 3 WLED lamps. In Januaryt 208 central village solar PV system
was installed and has worked since without intdroump All 63 homes are interconnected with
the power house in the shortest possible way via 80 cm deep buried underground armored
cables. Three sizes of armored copper cables atk 4mnf for distances over 20 m (maximum
50 m), 2.5 mrhfor distances between 10 m — 20 m and 1.5 fiomdistances: 10 m.
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The whole system is protected with a central ebmitrfuse, so that any misuse or overloading of
the system causes the immediate shut down of #teray The electronic fuse was developed
because it is not possible, in such remote pldoaget any glass fuses which are commonly used
otherwise in solar PV systems. Experience showstlaay SHS have failed because the charge
controller glass fuse broke and the users eitltendi know that there was a fuse, as they were
not trained to maintain the system, or they cowltiget a spare glass fuse in the local market.
Some months later, when the battery has not bextyaurged it fails too and normally that’s the
end of the SHS and the dream of light inside thadno

R T

Plcture 33 In the mlddle of the village of q Plcture 34: The Iocal people built the
Chauganphaya the local people have provided the power house with their own materials. It
land to build the central solar PV system power  contains the battery bank, which provides

house. From the power house all homes are up to 5 days power for all the lights
connected via armored underground cable, buried during no-sun days, and a charge and
depth of 50 — 80 cm. load controller (pictures 37 & 38).

Picture 35 The north- south Picture 36: The tracker Picture 37: arge-/

axis can be changed from 5° tdollows the daily sun path discharge-controller, with
60°, according to the sun’ from east-west, and back in separate load controller, inside
seasonal position. the morning to east, by itself. the power house.
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Picture 38: The battery bank Picture 39: The light projet is Picture 40: Total 189 WLED
well insulated in a locally never on its own. The metal lamps in 63 homes are now
made wooden box. stove is always part of it. installed in Chauganphaya.

|

Picture 45: Greenhouse

Picture 44 Pit Latrine Picture 46: Drinking water

In a holistic community development projects, ligigide the home has to go along with a
smokeless metal stove, a pit latrine, a greenhandeclean drinking water, as above shown.
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4.3. Small Scale Wind Generator System and Case 8iu

The utilization of wind energy through ever incriegssizes of wind generators and wind farms
has become the major new renewable energy techynolothe market. The wind technology and
the manufacturing industry are mature and new dg@veént and creative designs are occurring
at an amazing rate. Through wind farms, generdtadrieity has become highly competitive to
the major fossil and nuclear power plants in maagoBean countries. Nepal will not generate its
major energy needs from large wind generators ndviarms in the foreseeable future. Rather,
the valuable local wind resource of particular gapgical places can be utilized for small scale
applications, be it for single homes or rural \gks.

In the following pictures a self made 2 bladed winbine is presented, which was installed in
Jumla in 1998, as part of a first small scale wiexst project. It ran, and provided power for one
home for 4 years (picture 49). The wind turbine wasalled in a valley in close proximity to the
house. Therefore the predicted power output ofvi&®, was seldom reached. The aim of this
project was to put to the test a self made winbdihgr and to see if it can survive the harsh high
altitude & 2,500 meters above sea level) Himalayan wind ¢mmdi and climate. If so, there is a
future potential for such wind turbines to be madeof local available wood for the blades.

The 18 m steel tower (Picture 51) was screwed hagetith three six meter long pieces of @ 125
mm, @ 100 mm, and @ 75 mm from the bottom up. Aglits of 9 meters and 16 meters, three
steel cables (& 8 mm) were fixed to the pole arthared to the ground, in order to stabilize and
hold the tower firmly in place in any wind conditioThe bottom of the steel tower was anchored
in a big stone pile, without any cement. During fitlngr years of operation the wind turbine
performed satisfactorily. It did not need to beetaklown once for repairs.

While there is still a long way to go in regardéchnical issues such as: an improved and
appropriate design for the blades (in order to rfecture them by hand by local craftsmen); and
the right choice of the generator with a direcvéyiencouraging results have been achieved. The
test phase has shown that there are ample reaspnssue the research and development for
such small scale wind turbines, which can be manufad and maintained by the local industry.
They can provide one more appropriate and susti@mabewable energy technology to meet the
needs of rural villages and communities, providimgm with improved energy services for the
overall development of their living conditions. Ttedlowing pictures show the self made wind
turbine with its different main parts, the instétia and operation in Jumla.
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Picture 47: Self made 2 bladed wooden wind turbiwanden tail Picture 48: Bosch K1 14 volt
with metal frame, and a Bosch car alternator asgp@enerator. 35 amps car alternator, 1:4
The wooden blades are hand carved aerofoil shdpdd$with a wheels with belt set system,
blade diameter of 205 cm. From ~ 300 Rpm onwardsvthd capacitors, electronic circuit
generator provides 12 volts to charge the battankb plate, brakes

Pu: The f made wind tu'.finePiture 50: Per generation Picture 51: Wind
charges a 12 VDC battery bank of 1500f maximum 180 watt can be turbine at 18 m
Ah capacity, enough for one home. achieved. height.

5. Towards a Theoretical Basis for a Holistic Commnity Development Projects

Since 1996, the main author has had the opporttmitye and work in the most remote and
impoverished Himalayan villages in Nepal. AfterIsaclong time it becomes “obvious” that one
acts, feels and thinks more and more like the Ipeable. These experiences were crucial to
achieving a deeper understanding of the “non-vé&ibsilies of a society and culture. Their needs
and “wants” become more understandable and appedaace we realize that the daily
“comforts” most of us take for granted, such asitgaccess to clean, immediate and sufficient
electrical power at any time by the flick of a sshif are not a common commaodity in the
developing world. However electricity for lightimmirpose is an important and consciously
appreciated service in these remote villages.
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One important outcome over the course of the pagehrs was the development of increasingly
smaller scale renewable energy technology projectslementary rural village electrification for
lighting purposes, designed and implemented inectefationship with the local communities.

Another important result was the increased intepstitive response and willingness of the
villagers to participate actively through hard warkd some financial contributions. This gave a
healthy push to expand the borders of the “comnamproach to community development,
which can be summarized in a nut shell as beinglyntbe&e implementation of single projects,
with minimal presence in the village for short tisyggans, with minimal previous investigations
and minimal or no follow-up program. Thus the foawslonger remained only on single families
having light inside their dark, smoke filled roobut whole villages were addressed with the
proposition to implement a joint village — projéeam elementary lighting project.

Further, any lighting project was no longer seearagdividual self-contained project, but as
one part of a more holistic project, addressingopes physical, social, mental and spiritual
needs in their life. With this approach the beseadit each individual project increase, as it gains
from the benefits of the other, simultaneously iempénted projects. Synergetic benefits are
created which can bring far more changes thanesingblemented projects.

Thus the concept of the holistic community develeptr(HCD) project approach took shape.
For example, the HCD 2006 Humla project, whichtethon the T January 2006 in two small
villages, includes the following individual, equalmportant, parts:

1. Smokeless Metal Stove and Indoor Pollution Monitgrand Data Recording Project
2. Pit Latrine Project

3. Elementary Solar Cluster PV Village ElectrificatiBrojects with WLED lights in one
village for 35 households

Elementary Solar Tracking PV Village Electrificati®rojects with WLED lights in one
village for 35 households

5. One Village Drinking Water System Project

6. Greenhouse and Solar Drier Project for two villa@ssunder point 3 & 4 mentioned)
7. Nutrition Project for < 5 years of age, malnourgiohildren
8
9

B

NFE (Non-Formal-Education) Children Project
. NFE Mothers Project with teaching topics developbdut the HCD project.

10. Slow Sand Water Filter Project for clean drinkingter for individual households

11. Baseline Survey Data Collection Project in theag#ls of Tulin and Pamlatum (point 3 & 4)

12. Re-survey Data Collection Project in the villagé€bauganphaya and Dhadhaphaya (these
are the villages HCD projects have started in 282 2005 respectively, and will continue
for the next 10 years (political and funding coradis allowing) to be partnered with and
followed up through periodical visits and annuakuevey questionnaires specially
developed for a HCD project).

13. Humla Spring and Drinking Water Testing and Datdi€dtion Project (in order to be able
to identify the seasonal drinking water pollutiordgossible pollution sources, in order to
design appropriate drinking water projects and @@protection).

14. Follow-Up Program Project for all 2002 - 2005 Pobge(through periodical visits to all
installed smokeless metal stoves, pit latrinesliginds, recording people’s experience and
suggestions of improvements)
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15. Humla Staff Training Project (in order to have amgoing and continuing project staff
education, in order to keep them interested, abfaltill their job responsibility and
updated with the important and new technical, adstrative, cultural and educational skills
needed for the HCD project implementation).

16. Humla Simikot Office Project (to keep the main offj the HARS (High Altitude Research
Station) in Simikot Humla (picture 52) up and rummnas the base for the implementation of
the HCD projects, as well as the testing and mangoof the various new technologies
developed for the HCD projects before they are @m@nted in the village, and to keep up
the long-term solar radiation measurement and r@atading).

As can be seen from the above list of projectsC®Hbroject, if taken seriously, is a complex

and intertwined undertaking, which requires cleéarcsural organization and guidance. In the
case of the Humla projects it is a close partnprbbiween the RIDS Nepal (Rural Integrated
Development Services) NGO (Non Governmental Orgdima) some donor agencies (mainly
The ISIS Foundatioand LiN (Light in Nepal)) and the local communstiend interest groups,

which build the base for a long-term involvementhase villages.

Further, it can be seen that while the main pathefHCD Humla 2006 project is clearly in the
implementation of projects in the villages, the BINepal project staff, who are all from the
local vicinity, are also continually encouraged®involved in building their capacity through
further education programs. These could be a Rfiriga so that their planning and reporting
becomes more aligned with international donor agsnor it could be a more technical
education through learning modules loaded on th€aB@here is no internet access available in
Simikot Humla). Further, courses, such as nutriboNFE course development and delivery are
planned to be taken in other, more urban baset; telated, institutions. That allows an NGO
such as RIDS Nepal to become more and more capablable to carry the project
responsibilities by themselves, with the idea treg day the HCD projects will be led and run by
the local people only. And by that time they wil prepared and able to do the job with the
necessary enthusiasm, as well as the essentialsgrohal skills.

To start a HCD project is not an easy and straogivdird task, as it involves not only technical
and organizational issues, but also the so calleft fssues”. These social and cultural matters,
are often far more crucial and time consuming tresk in culturally appropriate and sensitive
ways. These are issues which are not easy to pFapuks“sell” to a donor, but are crucial for
long-term sustainability and thus success for a H@@pect, which aims to improve the living
conditions of the local people in ways which resplbem as equal partners.

6. Experience and Lessons Learned

To share in detail the experience of 10 intensea&ry of living and working with the
marginalized mountain communities in the pooresaaf Nepal, the north western district of
Karnali, is an impossible undertaking for a pajier this. Further, to address the more detailed
technical issues of each applied technology is héybe scope of this paper and many of these
aspects for solar PV systems have been addressedtiner pap&?. Thus, in the following
comments, some more general points, experiencekessohs learned through the implemented
HCD projects are listed, with the main focus onligprenewable energy technologies, to utilize
the local available renewable energy resourceslynfmnlighting purpose.
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«  Anyrenewable energy technology project for lightpurposes should be an integrated part
of a wider HCD project.

+ A HCD project is much more time demanding than aenrplementation project, with a
long-term (at least 10 years) vision and willingh&s be involved in the village’s life.

« ltis highly advisable, if not essential, for th@ject staff to live in the village or in the
nearby vicinity of the HCD project area. That erealthem to learn the local people’s
customs, culture, thinking patterns and local tedbgies (that have often been developed
over decades and centuries) These are cruciaihgesteps to enable a HCD project to start
on the right track and to make it as appropriateassible from the beginning.

«  Each village context is unique and thus needsaxlgldefined assessment, with the local
people as the discussion partners. This must peettedtechnical planning of the project.

+  The local people have to identify in qualitativelajuantitative ways their own needs before
any project plan and proposal for a renewable sneachnology project is prepared.

« ldentify the local most sustainable and availableewable energy resource, and then
determine the appropriate technology accordingly.

+  Develop and manufacture the equipment as muchsssiqpe from local resources and
through local manufacturers and craftsmen. Thatawgs the local economy in a sound
way through income generation and teaching nevsskild techniques. It also builds
capacity for maintenance and further projects.

« Asfar as possible, use genuine parts and goodtyipabducts, as once the equipment is
installed in the remote area, the failure rate khba minimal. Repairs are expensive and
often impractical in remote locations.

« Include in each project proposal some funds foigrgant development. This is a difficult
and often not appreciated budget point by donarsiths crucial to the implemented
projects becoming more appropriate and thus sudihEnlt is important to realize that there
are no “off the shelf” solutions available for atoaular village’s self identified needs.

«  Some funding should be devoted to reporting anditmang of the project after installation
so that experience gained can be documented asddan to future designers.

+  Engage as much as possible local people as pinjptgmentation staff. Take the necessary
time and effort to train and educate them for ti@rresponsibilities. It will pay off in the
future, if local skilled professional people worktheir own vicinity and neighborhood.

+ Use as much as possible available local matewalprbject implementations.

« Always include theory, operating and maintenanamitng for the end users. Provide/create
channels so that they can communicate with theeptapnplementer for years to come if
major technical, or social, problems occur.

It has been the author’s experience, that researdimew equipment development has to take
place on an ongoing basis, in order to developpmgent which is locally manufactured. This
equipment is generally easier to maintain, and fublgyecan cope better with the local conditions
and climate.
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To implement newly developed equipment and
technologies is always a risk, thus in the case of
the Humla HCD projects, the HARS (High
Altitude Research Station) has been built
(picture 52). At HARS all newly developed
technologies intended for village use, are first
monitored and tested, and if necessary they are
improved (see e.g. the high altitude SWH for
the Dhadhaphaya village, which is at the time

of writing in its test phase at HARS as indicated
in pictures 2 & 3). This quality assurance
process will keep the failure rates and system
downtimes in the villages to a minimum.
Experience shows, that sustainability and
appropriateness are key aspects of a project that
must be addressed in order to deliver the intemehedgy services to the beneficiaries. That
means we must keep the end-users at the centre &daus and develop and install renewable
energy technologies that can deliver what is exgueby all stakeholders.

o

Picture 52; HARS in Simikot Humla at 30°
northern latitude and 3,000 meter altitude.

7. Conclusions

One of the main aims of this paper was to demotestoaa wider readership of like minded
professionals, HCD project implementer and renegvabkrgy technology enthusiasts that
appropriate solutions are available to make a wffee to the 1.6. — 2 billion people still without
any access to basic electrical services such lassifigide their homes. Renewable energy
resources are, unlike fossil fuels, far more egqudibtributed on the planet, and are more
sustainable in the long-term. They may not haveetiexgy intensity (MJ/kg) as conventional
fuels and are not as easy to store and transpdrth®y are locally available, a great plus point.

Further, developing and increasing the access@wable energy sources does not mean that we
start harming the ecosystem, as has clearly happeitie excessive fossil fuel consumption. It
means that mankind has to come back to its “roaisKing where do we come from, why are we
here on earth and where are we going? As to utdéimewable energy resources, in particular on
a small scale, means to work in tandem alongsidetdator’'s handiwork, putting it to good use
for our personal and society’s holistic developm&# must understand that it is not for us to
dictate the speed and ratio of extraction of amggneesource, and thus forget all the peripheral
and even more the negative synergetic effectsiafjdeut of harmony” with the creation. We
must also realize that over-exploitation of renelabsources such as wood and water can be
just as damaging as the over-use of fossil fuels.have to come to an understanding of what is
available in renewable and sustainable ways amdgpand how it can be put to our best and
most efficient use. We have to re-think what are“ceal” needs rather than just our “wants”,
which too often are not really needs but expressajrour greed.

Often we would not even need to step back and aweldp” ourselves if we switched our

thinking from the use of fossil fuel resourceshe tise of locally available renewable energy
resources according to their availability and imtgtency. We would need to become creative
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and use our engineering skills and tools to ma&enthst out of what is available. Thus efficient
use of energy, energy savings, new low power comgysnergy technologies, energy storage
and energy conversion technologies and deviceddheussues at the forefront of each
motivated and humane engineer. With the pico hggistems, various different kinds of solar PV
systems, solar thermal technologies and projeato@gpes presented in this paper, appropriate
technical solutions to improve the livelihood ofllilons of disadvantaged people have been
shown and discussed. It is not possible in theescdphis paper to be comprehensive and
address all the technical issues of each renevesigiegy technology mentioned. Rather it tried to
show possible paths and approaches, which shaaoidlate others to join, to start and to put into
action new contextualized technologies for thein@iuations. This will ensure that more needy
people can be reached in a more appropriate wayjimeftame than we have been able
previously. That is part of our common respondipiiowards our society.
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