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Summary

This article describes how solar power could assishe social and economic development
of Sri Lanka, using various applications at difféarpower levels. The largest impact in the
short-term will come from drip-irrigation and commty water pumping systems, combined

with "Solar Village" concepts introduced recentty social development. One of the most
effective ways to re-settle war-affected people endevelop the entire country would be by
the installation of such systems, as a first wavactions to improve agriculture and enhance
food production. In the second wave of actions, Ismdustries would be established to

benefit from an enhanced food production procesd,ahealthy export business would be
developed. Other large scale solar power applicatiare also presented and relevant
recommendations are made in order for Sri Lankedoe towards an energy independent
and fully developed country.

1.0 Introduction

Fossil fuels provided the backbone of the Indus®evolution, contributing enormously to
the development of modern society, but were of tiearly to some, not all of the world’s
population, and also polluted the environment anckeased the relative proportion of
greenhouse gas in the atmosphere. Population greatipled with climate change, mainly
due to burning of fossil fuels are presenting thenan world with perhaps its most severe
problem and challenge in living history.

Fossil fuel is derived from organically generatedoon, i.e. former living organisms. And as
such it is a finite resource — not renewable. er past 200 years, these natural resources



have been used at an increasing rate, with no tittdagsustainability and future generations.
Easily accessible fossil fuels are being used, extthction costs are rising. Therefore the
way forward is to use fossil fuels in an efficieabhd more controlled manner, while
introducing renewable energy sources, includingrbass, hydro-electricity, PV solar, solar
thermal, wind, tidal and wave. Of the renewablergnpesources, solar power has the highest
potential to develop society and reduce poverth@future.

2.0 The way forward with solar energy
2.1 Early applications in <1 W range

One of the first commercial uses of solar cellshie late 1950’s was as a power source for
space satellites. Later, in the 1970’s a large esipa was seen into small power applications
such as calculators and wrist watches. These posegrirements were less than 1 W, but
larger systems appeared in remote communicatiotteseand satellites. In the future, these
applications will continue to thrive and solar sellased on organic materials will have a
place in low-power applications.

Fig 1. Early use of solar energy in low-power apations and remote locations.

2.2 Solar applications in ~50 W range

One third of the world’s population (over 2 billiggeople) are not connected to power grids
and therefore their lighting requirements are nyabdsed on kerosene oil. The PV industry
has developed stand-alone solar home systems pbwgrea ~50 W solar panel. These
systems provide basic needs like lighting and pofeerthe radio and television, and to
improve health, education and the standard ofdivor the poorest section of the population.
The television is the main attraction for rapid k&mpenetration of this system. In Sri Lanka,
about 20% of the population has no electricity fritv@ grid and these applications have been
growing rapidly over the past 2-3 decades. In ed890s one or two local companies were
struggling to install these systems, without makprgfits, but today 13 such companies
install these systems round the country makingoéitpble business. There are about 130,000
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solar home systems installed in the country atgmigsand this is equivalent to ~6.5 MW

power generation eliminating power cables arourtie Tocal solar energy companies are
currently creating new jobs for young people arstat about 2000 solar home systems per
month.
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Fig 2. The main features of a solar home systerd,tao technicians installing a system on
a rural village home.

This rate seems to be very impressive, but Sri hamks about 1 million rural homes that
cannot be easily served by the national grid, amould take about 40 years to complete
village electrification using solar power at therremt rate. To achieve full village
electrification in 5 years, an 8 fold expansiontioé¢ solar power sector is required. Both
expansion of existing companies and the increaseeohumber of solar energy companies
within Sri Lanka are urgently needed. Concentratnga "large number of small systems"
will have a huge impact at this stage for the nmestdy people in Sri Lanka.

In current solar home systems, low power fluorest@mps are used with DC electricity.
Over the coming years domestic lighting is likedybe replaced by low power Light Emitting
Diodes (LEDs), also operating on DC electricitythuminimal power. The establishment of
the Regional Centre for Energy Efficient Lightif@GEEL) in April 2009 in Colombo by Sri

Lanka Sustainable Energy Authority (SLSEA) with gwgport from USAID is the right way
forward for sustainable development in this field.

With the introduction of LEDs for domestic lightinthe solar home systems now popular in
rural areas in developing countries will have agdions in developed countries also. Such
LED lamps can be powered by one or two solar pdinad on roofs in developed regions,
creating a large demand for solar energy applinatmmpanies. In addition to the solar home
systems, there are numerous applications in th&/5power range; street lighting, solar
lanterns, solar powered parking ticket machined,teaffic lights are only some.



2.3 Solar applications in ~100 W range

Being an agricultural country with about 80% of fhagoulation living in villages, Sri Lanka
is likely to experience rapid development in foorbduction with small drip-irrigation
systems powered with one solar panel of ~100 Ws Téxuires only a 1 frsolar panel with

a 10% conversion efficiency. At present, Sri Larias the largest solar powered drip-
irrigation programme in the world, introduced by thlinistry of Agriculture. Five thousand
systems have been distributed in the dry zone ant ©f them are used very effectively to
produce crops, increasing additional income fdag# families. However, during the survey
carried out in September 2008, by the author an@@&fgraphy final year students led by Dr.
Krishan Deheragoda (Current Chairman of SLSEANas found that many systems are still
not being used. The authorities who distributed06@8@p-irrigation systems must urgently
carry out a review of these, with the aim of geftms many as possible working. More
systems should be installed in every part of Sndaaamong village communities.

There is an additional problem in that distributofsagricultural products seem to be making
inflated profits. This must be rectified so thainbfts are returned to producers through
higher margins and to customers from lower endegric

Although the additional power produced by these(0589stems at the place of energy
requirement is only 0.5 MW, the impact of thesenmalth creation, social development and
reduction of poverty is substantial.

The drip-irrigation system would be an excellentywsd re-settling small groups of war-
affected people in the North and the East. Thesmlpewould re-settle quickly in their

villages and become involved in the production @bd. The Jaffna peninsula is slowly
becoming a desert, and the sand and palm treetharearly sign of this natural process.
Drip-irrigation using the plentiful sunshine avéile will quickly settle down internally

displaced people (IDPs), create food we require a&tmlv down the detrimental

desertification. Introduction of organised treenpiilag projects will convert this sandy land to
a “green carpet haritha piyasa” converting this arid area to apéat oasis.

Fig 3. A solar powered drip-irrigation system; arcellent method to re-settle war affected
people rapidly, improve agricultural crops, stopsddification in the North and convert the
country into an Eco-Tourist Centre.



2.4  Solar applications in (500-1000) W range

There are numerous applications in this power rakggire 4 shows one example; the first
solar powered computer system in Sri Lanka. An 8@0system has been installed at
Hunugallewa School in Galgamuwa Electorate, to paeenputers in the school. The school
has no electricity from the national grid, but ab850 school children benefit from this
modern facility to learn using new technologiedotmation Technology (IT) is the key to
modern society and all school children should beosed to these new technologies from
their early stages of studies. During the surveyied out in September 2008, the team from
Sri Jayawardanepura University (SJU) used this dcp@emises to have their picnic lunch
and observe the new developments. The eighty wiiyestudents who participated in this
survey, came from different parts of the countnyd avere very impressed by the way the
school buildings were embedded among the indigefraitstrees such as mango and others,
producing a cooling effect. All buildings presentthe school were not obvious until one
walks through the pleasant environment. This kihgmject helps the young students to
realise how our buildings can be built using theleess of the natural environment, without
using power-hungry artificial air conditioning egment.

Solar powered telephone booths (IT network) cambtalled where there is no grid power.
Providing communication and easy transport (Roaelsvark) will accelerate the rapid
development of the country.

Fig 4. Solar powered computer system installedunugallewa School, in Galgamuwa area.
Students from SJU had first-hand experience frasnitéw development project.

This group of students also took part in the opgnai the pilot “Solar Village” at
Kaduruwewa village cluster in Galgamuwa Electordtieey had the opportunity of visiting
and observing the installed solar powered water giign system which replaced diesel
pumps. They also visited a local eco-tourist centreUlpotha” and met the village
community during a welcome dinner and an open aisioal evening organised by the



villagers. No doubt, these final year Geographysiits, when graduated and employed, will
replicate these worthy projects round the country.

University students are our future ambassadors #ed backbone of the social for
development programmes. The local universities lshorganise such socially worthy events
and projects, to provide them with good studenteegmce in the future. Universities,
schools, and all organisations should take moreakeesponsibility in nation building

programmes, in addition to their main stream jafictions.

Fig 5. Students from SJU experience solar poweragmpumping system of the pilot solar

village, nearby eco-tourist centre and enjoy anrep& musical evening organised by the
villagers.

This particular solar water pumping system saveasibg of diesel worth Rs. 100,000 per
annum for the village community. This amount foe w$ water is deposited by the villagers
in a common bank account, managed by the villagenuttee, and used to improve the
village nursery, school, library and the templeg &m provide scholarships to bright children
in their own village. The author and the team dt &de guiding the community to manage
these funds in an open and transparent way. Tlsfét equivalent to establishing a “Local
Community Banking System” and will not be affectgdthe global banking crisis. They are
also encouraging tree planting, organic farming keeping, small industries such as brick



making and other relevant community projects thiol§ramadana” to enhance the income
to families and quality of the environment. Explam scientific facts to villagers in simple
terms, how bee-keeping can double or treble thgnicaltural crops through healthy
pollination motivates everyone to keep severaltiees at each home further contributing to
their annual income. These projects empower villagenmunities for sustainable
development, reduce the country’s diesel import &ild help the global community by
reduction of harmful carbon dioxide emissions.

Fig 6. Events during the official opening of thédpsolar village" in September 2008 in Sri
Lanka.

There are over 3500 clean water pumping systememolwvith diesel, and infra-structures
have been completed in the dry zone. All theseetligsmps can be replaced by solar water
pumping systems and follow the new developmentegtejtaking place in the above “Pilot
Solar Village” in order to gain all economic andveanmental benefits. The replacement of
all 3500 diesel powered water pumps by solar podvesystems could reduce the diesel
import bill by Rs 350 million per annum to the GO&hd transferring this amount to our
village communities to develop themselves. Theeeshramdreds of "Agro-Wells" built in the
dry zone, but many of these are unproductive aegmedue to difficulties in water pumping.
All these can be made productive for wealth creatxy installing solar powered water
pumping systems.



More importantly, this is an excellent way to hé&bpre-settle the IDPs quickly in their own
villages. Immediate installations of community sol@ater pumping systems for a large
group of families will enable them to have cleartavand they could then soon start to re-
build their lives by growing crops in the surroumgliarea. Water is the second life-line, out
of the three most important primary requirements; Water & Food for existence of the
human-kind. While children are at schools, the tsdwill engage in development activities
around the water source and gradually developrtta-structure enjoying full freedom. The
production of bricks needs only soil, water and hareffort; bringing these three together
will produce enough bricks to better-build our sbed villages. Temporary tents will soon
convert into better homes with external help. Thpp®rt coming from the Government,
External Agencies, Other Institutes, Companies dnd/ersities will accelerate the rapid
development of these new settlements. The worldwidmil Diaspora has the real
opportunity to direct their funds to constructivelgvelop these needy people and liberate
them from their poverty traps.

2.5 Solar power applications on Roads

There are many opportunities for development of foture roads using solar energy. The
development of a road network is crucially impottém the economic development of the
country. Road signage, traffic lights, street light and future solar powered electric car
parks are few examples. Solar powered street tightiill improve security on roads without
having electric cables around, and use of eletgtricom the national grid. In all traffic lights,
high power consuming filament bulbs should be megdaby low-power LEDs. Then all the
traffic lights can be powered by an accompanyingrgeanel and a battery, avoiding energy
usage from the national grid and reducing power at&i These systems are already in
demand and the local companies who master thelsediegies first, will have opportunity to
win international contracts for such projects frdifierent continents.

Fig 7. Some examples of solar power applicationgrémsport. LED signage, traffic lights,
street lighting and solar powered car parks forotte cars; "Plug it into the Sun”.



Cars with internal combustion engines will not s$uev beyond the Z1 century.
Manufacturers will move to the production of electcars via hybrid cars in the interim
period. The recent beginning of manufacturing @celic cars in Sri Lanka is applaudable
and shows movement in the right direction. Whewtatecars are introduced to the society,
the battery banks should not be charged from thiemsd grid. The infra structure should be
developed to charge electric cars using renewatdegg sources; "Plug it into the Sun" (See
Fig 7). This industry has a huge opportunity fopaxsion and the companies who get
involve early in this business will experience stfiaoving economic advantages.

2.6  Solar power applications on buildings (~3000 W rang)

Solar thermal systems should be installed on ewetli/developed dwelling in the country, in
order to provide hot water and hence improve wagshimd health of the nation. The geysers
using large amounts of electricity from the natiogréd should be gradually phased out. Such
a policy has been successful in Cyprus with th&allaion of solar thermal systems on 95%
of the buildings. Hotels, hospitals and care homaes ideal buildings to start these
installations. Figure 8 shows two different typésalar thermal systems widely used today,
and these are comparatively low-tech when compar&Y solar panels.

Fig 8. Different types of solar thermal systentet (flates and vacuum tubes based) used to
produce hot water for homes and industrial use.

Building integrated photo-voltaics (BIPV) have agbuypotential in the future. The advantage
for PV solar is the freely available space on itops and walls of existing and new buildings,
without taking any additional land space. Thesellspmaver stations can be connected to the
national grid, and feed the energy when all thaustides are busy working during the day
time. The inverters have been designed and manuéactor this purpose. This accessory
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has been designed to convert DC power into AC, sfefhe voltage and feed into the grid.
Also the electronic circuitry has been intelliggntesigned with safety in mind to stop
feeding the grid, when the grid power is switchédfar maintenance purposes. In addition,
two-way electric meters have enable a house-halthport energy from the grid during night
time and export energy into the grid during the tme, using the roof as a small and clean
power station. Millions of such solar roofs are nemwerging in Japan, US, Italy and
Germany, reaching grid parity in some countriesli{@aia & Italy). All sun-rich countries
should learn these new technologies early, andyapphe future.

Fig 9. Features of future buildings with integrdt@hoto-voltaics into roofs and walls
without occupying any additional lands.

In 2004, the cost of a 3 kW solar roof in Germaraswabout £18,000. However, after 5 years,
this cost has dropped down to about £12,000. Teisdtwill continue in the future due to
improvement of solar cell efficiency, mass prodoictand the competitiveness of the market
place. Regardless, £12,000 for the roof of an @esfause in Europe costing £250,000, is
not an unreasonable amount right now. It has aldquirpose; roof for the building and an
income source producing clean energy for the fut8mece this solar roof cost is still very
high for the average Sri Lankan household, rapke tap is discouraged until costs reduce
significantly.
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Imagine a country like Sri Lanka with around twollimn developed homes having 3 kW

solar roofs. During the day time, the power produrcis equivalent to 6 GW (Sri Lanka’s

total power production today is in the region oft ZsW). This should be the long-term

strategy of any country in the sun-belt. Also poweneration is not concentrated in one
place, reducing the risk from any terrorist attaickshe future; hence “PV for Peace”.

The recommendation for Sri Lanka is to install fiaai number of large systems” in the short
term, in order to learn and master the technolddgganwhile the national grid should be
upgraded to a very high standard minimising curtem¢l of transmission losses. The solar
roofs can then be introduced in a large scale éhygars time with confidence. There are
already 2 operational solar roofs in Colombo (Wwadey and Nikini) with 25 kW each, and
feeding the grid. The work carrying out by SLSEAthathe funding from JAICA to establish
a ~1 MW solar farm is timely an excellent developine this direction. The income created
by this solar farm in turn, can establish more isellages round the country to enhance
sustainable development.

3.0 Energy from Deserts

Solar energy production is no longer a niche agtisolar farms are increasing output to 5-
10 MW scale, and beginning to cover some of thedeseas. Prof. Kurokawa’'s work in the
Gobi desert to produce electricity and cultivateugied lands is a good example. Imagine the
desert lands available around the globe; coveritgy dareas of the edge of deserts and
connecting these power stations with electric cablauld be done easily. The world is not
short of energy, but human-kind should work toadtrce safe energy sources and phase out
harmful energy technologies from the society. Weehihe responsibility to build a safe and
peaceful world for our future generations and nfaaaful one.

Fig 10. Generation of electricity from desertsvgilog down desertification, and converting
the land underneath for agricultural use.
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4.0 Author's contributions to the field

In addition to 3 decades of research and developawivities of thin film PV solar cells, the
author has also been actively involved in promaiamork on renewable energy applications.
Starting from public understanding of science leggun schools in the United Kingdom, he
extended his work to Sri Lanka in the 1990s throadbFID (Department For International
Development) funded and the British Council manabiégher Education Link (HE-Link)
programme. The author initiated and co-ordinatesl phogramme over a period of 8 years
and worked with five Sri Lankan universities forpeaity building in solar energy research
and to promote renewables in the country. This wewvklved into SAREP (South Asia
Renewable Energy Programme) and now is a selfisugjanternational renewable energy
promotional network. A renewable energy handboalk 2 SAREP newsletters have been
produced and distributed in the past, and thesdedaund in Dharme's blogsite at:

http://www.apsl.org.uk/dharme/default.aspx

During the HE-Link programme, about 40 senior acadevisits took place between the
author's research group at Sheffield Hallam Unityerand Sri Lankan solar energy
researchers. A series of conferences, public lesigcientific publications and articles in the
local press were used to enhance research andrageorenewable energy applications in
the country. During this period, author designesudable project to develop communities
without electric power from the national grid. Thpsoject was given different names at
various stages as CARES (Centres for ApplicatioiRehewable Energy Sources) centres,
Renewable Hubs and Solar Villages. At the end,pila project was started as the "Solar
Village" in September 2008 and the replication pangme is currently taking place as "Solar
Habitat Programme". The SLSEA led by its ChairmBm, Deheragoda is now taking
necessary steps to replicate these solar villagesdr the country for social development.
This has been identified as one of the most s@tabkechanisms for the "UTHURU
WASANTHAYA" programme, which is the GOSL programnie develop the newly
liberated Northern and Eastern provinces of Srikiaarin fact, with the development ideas
built into the solar village project, replicationf ¢these villages will lead to a rapid
development of the whole country.

5.0 Manufacturing of "Renewable Energy Related Product$ in Sri Lanka

Over the past 2-3 decades, Sri Lanka has quicklyechoforwards with solar energy
applications. Recently, two EU solar energy confees held in Paris and Milan identified
and announced Sri Lanka as the “Hot Spot of Saterdy Applications”. Credit should go to
all individuals and Institutes who contributed tinly this situation to the present level.

There are many other products, related to renewaidegy applications and these products
should be manufactured within the country as s@passible. In order to build a knowledge
based, fully developed country, a buoyant reseamalure must be established in all

disciplines and new inventions should be secureldcanverted into socially worthy products.
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Frequently, important inventions are made withire tbountry, but unfortunately the
conversion of these ideas into marketable prodsatgtremely low. This requires the GOSL
intervention as a matter of urgency.

6.0 Recommendations

6.1

6.2

6.3

6.4

6.5

6.6

6.7

6.8

6.9

6.10

6.11

Establish a policy to install "solar thermalt veater systems” on well developed
homes, and gradually phase out grid-power consuelgujric geysers

Rapidly introduce low-power LED lamps to use‘solar home systems” and other
relevant lighting applications

Establish installations of “small systems ilganumbers”. Expand activities on solar
home, solar thermal, and small drip-irrigation eys¢ to accelerate village
electrification and development.

Establish installation of “large systems in Bnmumbers”. Learn the technology
rapidly and update the “national grid” to a highratard, minimising current level of
transmission losses. All renewable applications @mplementary, and therefore
relieve the national grid from high power demand.

Use “small solar powered drip-irrigation syssrand “large community solar water
pumping systems” to re-settle internally displagembple as a matter of urgency.
Infra-structure should be developed rapidly arothel water pumping systems with
all possible external support allowing these ngaelyple to stand on their own feet

Replace diesel pumps used in over 3,500 alreat&blished water pumping systems
using “solar water pumps” in the dry-zone. Insgafiolar water pump for each "Agro-
well" in the dry zone and increase the productiviitigroduce “solar village” concepts
through education to rapidly develop these comnesnit

Establish "local community banking system” gpm solar village concepts, to
protect communities from the global banking crisis

Encourage teachers, university dons, clergym@mpany employers and responsible
civil servants to be involved in social developmprtjects, in addition to their main
stream job functions

After the first wave of use of new technolog@sagriculture and re-settling of IDPs,
introduce the second wave of relevant industrigsuiigh out the country. These
industries include canning of fresh food and paokgof solar dried fruits, vegetables
and fish. Establish a healthy export business @mkaged food products from this
fertile, green and lush country

Establish a "manufacturing of renewable eneqgylication products" using already
available and new knowledge created within the trgunand encourage new
inventions through a "buoyant research culture”

Above all, firmly deal with the excess profiising extracted by “middle men" and
work to minimise corruption in society to experiena rapid development of the
country, from new and old development projects.
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