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Abstract : During the last decade many countries have taken
policy decisions to use non-fossil fuels for both heat and
electricity generation, and by 2005, have achieved global shares
of 10% and 2% respectively, in the two sectors. European
countries have taken the lead in investing on renewable energy
resources such as biomass and wind energy systems as well as
adopting bio-fuels in transport. The climate change concerns of
avoiding fossil fuel burning have resulted in additional funding
being channelled to developing countries including Sri Lanka
for undertaking alternative energy projects, where a 4% share
of alternative sources has been achieved in the electricity sector.
Studies carried out in Sri Lanka have shown that a short coppice
crop, Gliricidia sepium, is suitable for planting in underutilized
land estimated at 1.0 - 1.6 Mha for extracting biomass for use
in thermal energy and dendro power generation. It is suggested
that a new crop — sweet sorghum - be promoted for generating
thermal energy as well as manufacturing bioethanol and to
promote Jatropha circus for producing biodiesel. Estimates
made with new land allocated equally among Gliricidia, sweet
sorghum and Jatropha, and using other marginal land show that
Sri Lanka has the potential to become self-sufficient in energy
in the medium term, except in the replacement of diesel where
only a 20% share could be achieved. A significant contribution
for meeting domestic energy needs particularly in rural areas
could be obtained from biogas digesters fed with the waste
from over 1.5 million cattle. It is also found that if the new
technology of synthesising methanol and dimethyl either from
carbon monoxide and hydrogen present in syngas is adopted,
gasified biomass could produce fuel which could be used in the
transport sector and in domestic and commercial cooking and
heating, replacing all imported fuel, including diesel. In order to
ensure energy security in all sectors, efforts should be attempted
to exploit the inexhaustible resources such as solar and wind
energy available freely within the country, especially to meet
individual requirements. Sri Lanka should also have a long
term strategy to utilize these resources to generate hydrogen
to take advantage of the upcoming fuel cell technology in the
near future.

Keywords: Alternative energy, biomass, renewable energy,
solar energy, wind energy.

INTRODUCTION

Energy is considered to be a basic human need, not only
for mere survival but also for leading a life with comfort
and enjoying the benefits of today’s technology. Before
fossil fuels were discovered, man depended on biomass
collected from his surroundings to make fire to cook and
keep him warm during cold days, and on vegetable oil
for lighting. After the industrial revolution in the 18®
and 19" centuries, coal was used widely as a source of
energy for heating, lighting and railway transportation.
With the development of the alternator in the late 19"
century, use of coal was extended to drive steam turbines
to provide motive power for generating electricity, which
is continued to date in many countries.

The availability of energy sources which are
affordable, convenient and adequately safe has made it
possible for the man to extend his mobility, manufacture
goods, provide services, communicate with each other
at distance and modify his built environment leading to
a better quality of life than what his predecessors led.
Countries which exploited these resources readily found
themselves in a higher stratum of economy than others.
One characteristic of the fossil fuels is their limited
reserves. Their production, particularly in the case of
petroleum oil, has now reached a peak, and what is
expected in the future is a decline in the reserves and
an escalation of the prices'. This is so even with the
other fuels. In the recent past, prices of all three fossil
fuel — crude oil, coal and natural gas — have shown an
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unprecedented increase and it is likely that the prices will
increase further in the short term, straining the economies
of fossil fuel dependent countries.

It is unimaginable to see one day a few decades hence,
all petroleum driven vehicles and industries brought to a
halt for want of fuel. Hence, attention of nations has now
been directed to explore various other options available
to avoid such a calamity. One option would be to shift for
alternative energy sources (AES). Another option would
be to develop techniques that would extract hitherto
unutilised sources of fossil fuels in a cost effective
manner. There is a third option available; that is to
extend the life of conventional reserves through energy
conservation. In this paper, emphasis will be given to a
discussion on the first option.

Alternative energy consumption - global

The present day energy sources fall into three broad
categories:

a. Exhaustibles : fossil fuels and nuclear fuels

b. Inexhaustibles : solar power, wind power,
oceanic power

c. Renewables : biomass, biofuels and
hydropower

Fossil and nuclear fuels could best be described as
exhaustible energy sources as one day these deposits will
get exhausted. Inexhaustible energy sources (IES) are
those that would be present as long as the Earth system
exists, such as solar radiation, winds, ocean currents, tides
and ocean temperature driven systems, while renewable
energy sources (RES) are those that need to be renewed
regularly such as biomass, biofuels (by planting and
harvesting of crops) and hydro power (by precipitation).
These are not available continuously unlike IES. All IES
are alternatives to conventional systems while in RES,
only efficient biomass utilization and small hydropower
fall under AES. Also, RES include conventional sources
such as traditional biomass utilization and large hydro
plants, and these are excluded from alternative sources.
AES are also referred to as non-conventional renewable
energy (NCRE) sources.

In view of the important role AES could play in
the development of a country, the UN Commission on
Sustainable Development (UNCSD) has adopted a
renewable energy related indicator that shows renewable
energy share in national energy and electricity statistics®.
Table 1 gives the breakdown of the total primary energy
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supply (TPES) and the global electricity consumption for
2005. The ratio of AES to TPES globally has been 10%,
while for electricity generation it has been only 2.2%.
This is because sources such as fuel wood, agriculture
residue and solar thermal collectors, mostly have
applications in heat generation rather than in electricity
generation.

Table 1: Total primary energy supply and electricity generation in

2005°
Fuel Primary Energy Total Electricity
Supply Consumption

PJ % TWh %
Coal 121,611 254 7,349 40.3
Oil 168,053 35.1 1,204 6.6
Gas 99,587 20.8 3,592 19.7
Hydro 11,012 23 2,918 16.0
Nuclear 30,642 6.4 2,772 152
Alternatives 47,878 10.0 401 2.2
Total 478,783 100 18,235 100

The distribution of electricity generation from AES
including geothermal, solar, wind, wood and waste among
different regions in the world is shown in Table 2 for
1995 and 2005. While in 1995 North America generated
the highest amount of electricity from AES, in 2005 this
position was taken over by Europe which demonstrated
over 310% growth in electricity generation from AES.
Globally too, there had been over 110% growth in AES
generated electricity.

Table 2: Electricity generation from alternative sources in 1995 and 2005*

Region L % Growth

1995 2005

N. America 88.80 119.17 342

S. & C. America 11.28 26.00 130.5

Europe 38.94 160.11 311.2

Eurasia 1.54 3.12 102.6

M. East 0.00 0.01

Africa 0.43 1.96 355.8

Asia 27.85 52.59 88.8

Oceania 3.40 6.75 98.5

World 172.24 369.71 114.6

The contributions from AES for electricity and heat
generation by major players in the world in 2006 are
shown in Table 3. For electricity, the largest contribution
of 74 GW comes from wind energy (WE) plants,
followed by small hydro (SH) plants contributing 73
GW, and biomass (BM) plants contributing 45 GW. EU
is in the forefront (75 GW), followed by China (52 GW)
and USA (26 GW). Biomass contribution for thermal
energy generation is 5 times more than that for electricity
generation, while for solar this ratio is about 20.
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Table 3: Electricity and heat generation capacity in GW using
alternative sources - 2006’

Technology =~ World Dev* EU-25 China USA  India Japan

Electricity

Wind Energy 74 10 485 26 11.6 6.3 1.6
Small Hydro 73 51 12 47 3.0 1.9 3.5
Biomass (El.) 45 22 10 20 76 1.5 >0.1

Geothermal 9.5 4.7 0.8 ~0 2.8 ~0 0.5
Solar PV** 5.1 ns+ 32 ns 0.3 ns 1.5
Solar CSP+ 0.4 ns ns ns 04 ns ns
Ocean tides 0.3 0 0.3 0 0 0 0
Sub-Total 207 88 75 52 26 10 7
Thermal

Biomass (Th) 235
Solar Thermal 105

Total 547

* Dev= developing countries
** Only the grid-connected PV systems are included
+ ns: not significant; CSP: Concentrator solar plants

Among developing countries, China and India
have taken the lead in investing on AES, with the latter
dominating the scenario for WE plants (6.3 GW). The
capacity for heat generation from AES is about 1.7 times
higher than that for electricity generation, with biomass
contributing the major share. Here, only high efficient
biomass systems are included rather than traditional
systems. In solar thermal systems, China leads with 68
GW capacity and EU following with 13.5 GW capacity.

Only an overview of the global AES scenario is
given here. A detailed analysis will be given later under
each technology sector.

Implications of climate change

The Kyoto Protocol (KP)® of the UN Framework
Convention of Climate Change (UNFCCC) requires
developed countries and countries with economies in
transition (EIT) (jointly referred to as Annex I Parties)
to reduce their greenhouse gas (GHG) emissions by
about 6% below their 1990 levels during the 5-year
period 2008-12. The 6% average reduction relative to
1990 level of emissions that is specified in the KP gets
magnified to about 15% when taken relative to the current
levels of emissions. Many countries that have ratified
the protocol, have failed to keep to their obligations, as
shown in Figure 1. While almost all EIT countries have
been able to reduce their emissions, among the non-
EIT countries emissions have increased up to 10% by
2005. Hence, these countries are now under pressure
to reduce their emissions, particularly after the 13th
Conference of Parties (COP) of UNFCCC held at Bali
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in 2007 where an action plan was adopted committing
all Parties to agree on a long-term goal for emission
reductions with emission reduction targets applicable to
developed country Parties beyond 2012 and nationally
appropriate mitigation actions consistent with sustainable
development applicable to developing country Parties
negotiated during 2008-09 for consideration at the 15th
COP to be held in 20097 . Hitherto, developing countries
did not have any such obligation.

Creenhouse Gas Emission Changes since 1990

Pereenimge Change Trem 1990

Figure 1 : GHG Emissions from Annex I countries during 1990 —
20058

The GHGs are emitted mostly by burning of fossil
fuels for energy generation including transport. Thus,
one of the most effective ways of reducing emissions is
to use AES. Annex I countries are permitted to meet their
obligations by not only reducing emissions within their
own territories, but also meeting the costs of reducing
emissions within anon-Annex I country. This mechanism,
referred to as the Clean Development Mechanism
(CDM), provides opportunities for developing countries
to undertake GHG reducing or avoiding projects
including energy efficiency and AES utilization, with the
additional costs borne by Annex I countries®. Sri Lanka
has already initiated action to seek CDM funding and
has identified 19 CDM projects by 2005, which are in
different stages of the design/validation process'®.

In 1991, a financial mechanism called the Global
Environment Facility (GEF) was established under
the aegis of the World Bank (WB), United Nations
Development Programme (UNDP) and the United Nations
Environment Programme (UNEP) for the purpose of
providing funds to developing countries for meeting their
obligations under several environmental treaties including
UNFCCC. A large number of programmes has been
supported by GEF to implement AES projects that reduce
or avoid GHG emissions in the areas of renewable energy,
energy efficiency, and sustainable transport, particularly
where the high initial costs involved makes the projects
uneconomical when assessed using traditional economic
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criteria. In such instances, GEF provides funds to meet
the additional costs involved to make the projects viable.
In recent years, GEF has disbursed about $250 million
per year for eligible projects, including several from
Sri Lanka'" .

Alternative energy programmes in Sri Lanka

Sri Lanka’s energy scenario already comprises a
significant share of RES— almost 53% - contributed by
biomass and hydro power plants, both large and small.
The detailed breakdown of contributions made by
different fuel types in 2005 is shown in Table 4. Most
of the data in original units are taken from the National
Energy Information System (NEIS) 2005 . However, in
converting electricity generated into a common energy
unit, the direct equivalent (86 TOE/GWh) was used as
practiced by all international databases, rather than the
thermal equivalent (240 TOE/GWh) used by NEIS. One
significant source that is missing here is the contribution
from solar thermal systems.

Table 4: Primary energy sources in Sri Lanka in 2005'>!13

Annul energy supply

Fuel Original units+ kTOE PJ %
Conventional
Petroleum 4,139.44 (kt) 4,279.55 179.18 46.16
Biomass 12,15457 (kt)  4,622.95 193.56 49.87
Coal 92.74 (kt) 64.92 2.72 0.70
Large Hydro 3,124.00 (GWh) 268.66 11.25 291
Alternatives
Small Hydro 336.00 (GWh) 28.90 1.21 0.31
PV Panels 4.60 (GWh) 0.40 0.02 0.00
Wind 2.44 (GWh) 0.21 0.01 0.00
Biomass 12.15 (kt) 4.62 0.19 0.05
Total 9,270.21  388.14 100.00

The highest contribution comes from conventional
biomass combustion for heat generation for cooking,
baking, drying and firing earthen and ceramic ware.
Its breakdown according to the 2003 Energy Balance
Statement is given in Table 5. In estimating fuel wood
consumption in household and commercial cooking,
the use of low efficient conventional stoves has been
assumed. However, in drying applications in the
plantation and industrial sectors, the use of high efficient
gasifier systems are now being introduced and hence, a
certain fraction may need shifting to alternative category.
Though fuelwood provides the major share of country’s
energy requirements, it is not collected in a systematic
manner. It is traded in urban areas with supplies coming
mostly from up-rooted rubber plantations, but in rural
areas it is collected directly by the users from sources
such as plantations, home gardens, crop land and natural
forests'.
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Table 5: Consumption of fuel wood in different sub-sectors for 2003 '

Sector Quantity (kt) Th. Energy (PJ)
Domestic 8156 129.67
Plantation Factories 822 13.07
Construction Items 1860 29.57
Bakery Products 434 6.90
Total 11,272 179.21

If biomass were to replace petroleum sources to a
significant factor as an alternative fuel, it is necessary to
have a guaranteed supply through dedicated plantations
to extract both the present and future requirements of
biomass on a more sustainable manner. For this purpose,
the Ministry of Science and Technology had carried
out several trials in different parts of the country and
has identified Gliricidia sepium as the most suitable
short rotation coppice (SRC) crop for establishing such
energy plantations. These trials also have revealed that
the annual yield of woody biomass (grown at 1x1 m
spacing) is about 30 t/ha at 20% moisture content, which
is equivalent to 24 t/ha of dry matter'.

The government as well as a few non-government
organizations (NGO) have taken the initiative to develop
AES in Sri Lanka since the 1970s, which included a
biogas/solar/wind rural energy demonstration centre at
Pattiyapola, solar home systems (SHS) in several model
villages, village level micro-hydro systems, improved
cooking stoves and biogas generators in villages!’. Several
NGOs such as Intermediate Technology Development
Group (ITDG), Energy Forum, Integrated Development
Association (IDEA) and Sarvodaya had facilitated the
extension of these new systems into villages providing
both technical and financial assistance.

In late-nineties, the Ministry of Power and Energy
(MOPE) received funds from GEF through World Bank
to implement a AE programme during 1997-2002 titled
Energy Services Delivery (ESD) Project, which included
a credit programme to support the introduction of AES
— SHS, mini-hydro, a pilot grid-connected 3 MW wind
farm, and a capacity building component for the Ceylon
Electricity Board (CEB)'3. A second GEF/WB funded
project titled Renewable Energy for Rural Economic
Development (RERED), was undertaken in 2002-2007,
which comprised two components - a) grid-connected
and off-grid power generation (hydro / wind / biomass)
and b) off-grid solar PV systems'®. The main objective
of GEF projects was to facilitate the development of
the solar and mini-hydro industries rather than provide
assistance to the end-users.

Table 6 shows the composition of sources used for
the generation of electricity in 2005, according to which
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the conventional sources have contributed a little over
96%. The 4% of AES is higher than that in many other
developing countries and was made possible due to the
support received from GEF through the World Bank to
develop the private sector participation for exploiting
AES, particularly the solar home systems (SHS),
small- and mini-hydro plants and biomass sources at a
commercial scale. The major contribution to AES share
has come from the SH systems.

Table 6: Composition of sources used in the generation of electricity

in 2005%

Source Quantity kt ~ Th. Energy  Electricity

PJ GWh %
Large Hydro 3,124.00 35.29
Diesel Oil 258.7662 10.826 1,266.67 14.31
Residual Oil 262.9649 11.002 1,211.55 13.69
Fuel Oil 473.6654 19.818 2,228.08 25.17
Naphtha 123.8759 5.182 673.00 7.60
Conventional 46.830 8,503.30 96.05
Small Hydro 336.00 3.80
Biomass 6.44 0.07
Solar PV 4.60 0.05
Wind 2.40 0.03
Alternative 349.44 3.95
Total 8,852.74 100.00

In the following sections, details of AES that could
be established in Sri Lanka will be discussed under
each of the technology sectors separately, along with a
brief global situation analysis. There are many efficient
technologies already developed and being developed
in the world today for energy generation from AES.
However, in this paper only those that have relevance to
Sri Lanka will be discussed.

Energy from plants

Almost all plants have stems, branches and leaves
commonly referred to in this paper as biomass. When
woody biomass (such as Gliricidia) is burnt, carbon in
it gets oxidized and releases thermal energy. Some crops
produce cereals (such as soya bean, corn and maize) or
tubers (cassava) containing carbohydrates or starch while
a few others (such as sugar cane, sugar beet and sweet
sorghum) produce sugar compounds. Energy from these
substances could be obtained by fermenting them into
alcohol, which can be used as a fuel. A few other crops
(such as rape seed, palm oil, Jatropha) produce seeds
containing oil, which after esterification could be used
as a diesel-substitute. Biomass could also be gasified to
produce syngas, while waste biomass could be subjected
to anaerobic digestion to produce biogas which is a clean
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source of energy. Thus there are many ways of extracting
energy from plants as detailed below.

Land for energy plantations

Plant energy sources considered in this paper are woody
biomass in SRC species, bioethanol, biodiesel and biogas.
The technologies for efficient extraction of energy from
SRC species or conversion of crops to biofuels are well
proven®'?. The limiting factor for their adoption in
Sri Lanka is the non-availability of adequate land. The
present land use data are shown in Table 7, according
to which 24% is under agriculture which comprises
land under paddy, plantations and subsidiary crops;
37% comprise forests under the Forest Conservation
Department (FCD) and the Wild Life Department
(WLD). Somasekaram (1997) has estimated 1,025 kha
as unusable land which covered waterways, reservoirs
and tanks, steep land, land above 1525 m contour, barren
land and marshes, and 900 kha as land under homesteads
and built-up areas. This leaves 611 kha as the extent
available for any new projects. In a study carried out by
Perera et al.?*, land identified as sparsely used cropland
and sparse forest/scrub land by aerial surveys are
considered for energy plantations and other future uses.
The results of the analysis based on different demand and
production scenarios indicate that the total feasible land
area available for energy plantations vary between 300
and 960 kha, with an average of 600 kha.

Table 7: Land use estimates in 2005/06 252¢

Application Land extent Percentage
(kha) %
Paddy 709 10.82
Plantations 724 11.05
Subsidiary crops 150 2.29
FCD Forests 1,517 23.15
‘WLD Forests 916 13.98
Land under vegetation 4,016 61.29
Unusable 1,025 15.64
Homesteads & built up 900 13.74
Sparsely used & balance 611 9.33
Total 6,552 100.00

A study conducted by the Ministry of Science
and Technology has revealed that nearly 1.6 Mha
of land remain degraded and under utilized in
Sri Lanka?’, and these could be converted into sustainable
SRC plantations with Gliricidia. A preliminary
investigation covering an area of 52 kha has revealed
that only 80% of this land is suitable* for agriculture. In
extending this ratio to the entire island, one may assume
another 80% as the availability factor which would give
the extent suitable and available for sustainable energy
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plantations as 1.0 Mha. Since this land has to be used for
all three biofuels, it is assumed that it will be equitably
distributed among the crops producing wood, bioethanol
and biodiesel, identifying the best sites for the specific
species.

In Sri Lanka, a large extent of land, about 700 kha
is under paddy. There has been a general decline in the
cultivated area as paddy land has been allowed to go
into fallow. According to Census and Statistics
Department data, an average of 41% or approximately
55 kha of paddy land have been abandoned in the wet
zone alone, the highest decline of 82% being in Colombo
District (Table 8). Though there appears to be some effort
to bring this land under paddy cultivation again in view
of the government’s decision to acquire any uncultivated
land, some of this land, say about 50% or 28 kha could
be utilized for growing energy plantations, especially
Jatropha.

Table 8: Paddy land abandoned in the low-wet zone between
1974/75 and 2004/05%%

District Paddy land in fallow (ha) Decline
Maha Maha (ha) %
1974/75 2004/05
Colombo 25,750 4,593 21,157 82.2
Gampaha 18,000 10,173 7,827 43.5
Kalutara 21,177 13,642 7,535 35.6
Galle 23,574 14,498 9,076 385
Matara 20,027 14,863 5,164 25.8
Ratnapura 14913 12,418 2,495 16.7
Kegalle 11,237 8,922 2,315 20.6
Total 134,678 79,109 55,569 413

Recently, the Mahaweli Authority has called for
proposals from potential investors to release 5000 ha out
of 14,000 ha of land available with them in System B
for commercial cultivation possibly of agriculture crops.
It is assumed that 10,000 ha could be made available
for energy plantations possibly with sweet sorghum. It
is the practice to cultivate Gliricidia in tea plantations
for shade, particularly in low-grown areas. At present,
there is no effort being made to harvest this wood
systematically even for firewood. If harvesting is done
during rainy season when the cloud cover provides
necessary shading, stems could be used for combustion
and leaves as green manure. With about 110 kha under
tea in the low country, a fraction of this land, say about
50% or 55 kha, could be made available for Gliricidia
plantations in a systematic manner to extract energy.

Gliricidia is also planted in coconut estates, particularly
in the coconut triangle, as an under crop. Out of the total
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extent of about 390 kha of land under coconut, at least
25% or 100 kha could be assumed to be brought under
Gliricidia. It is suggested that any new land allocated for
ethanol production will be cultivated mostly with sweet
sorghum (300 kha) which has low water requirements
and resilient to droughts, and the balance only (50 kha)
with sugar cane. The total land available for energy
plantations could now be summarized as given in
Table 9.

Table 9. Land likely to be available for energy plantations

Type of land Proposed Estimated Available
cultivation  extent (kha) extent (kha)
Sparsely used land
allocated equitably Total 600 — 1,600
Gliricidia 350
Sweet Sorghum 350
Sugarcane 50
Jatropha 350
Paddy land in fallow Jatropha 55 28
Mahaweli System B Sweet Sorghum 14 10
Sugar factories Sugarcane 27 27
Low country tea Gliricidia 110 55
Coconut Triangle Gliricidia 390 100
Total 1,270

Specific energy potential from plantations

For completely dry wood (oven-dry), the amount of
energy per unit of weight is more or less the same for all
wood species, with an average for Gross Heating Value
(GHV) of 20 MJ/kg for stem wood*'. However, the Net
Heating Value (NHV) for wood is about 10% less. Also,
the moisture content lowers the heating value at the rate
of 2 MJ/kg for every 10% increase of moisture. This gives
a NHV of 16 MJ/kg for air dried wood with moisture
content 10%. This is about 2/3rd that of coal which has
a NHV ranging from 22 to 26 GJ/tonne depending on
the source.

The limited land available in the island has to be
apportioned among the crops required for producing
thermal energy (i.e.Gliricidia), bioethanol (i.e. sugar
cane/sweet sorghum/cassava) and biodiesel (i.e.
Jatropha), taking into consideration the suitability of
land for specific crops. In order to optimize the utilization
of land one must also consider the potential energy
generation capacity of each of these crops, which would
vary from 45 GJ/ha for Jatropha to 990 GJ/ha for sweet
sorghum, 373 GJ/ha for sugar cane with energy extracted
from bagasse and molasses, and 384 Gl/ha for Gliricidia
(see Table 10).
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Table 10: Energy generation potential per hectare of different
crops 33
Crop Biofuel yield Cal. value Energy yield
t/ha/year GJ/t GJ/ha/year
Gliricidia 24 16 384
Sugarcane - total 60 373
Bagasse (1/3 of cane) 20 18 360
Ethanol from molasses 0.5 27 13
(Ethanol from sugar) 4.0 27 (108)
Sweet sorghum - total 120
Ethanol from grain 0.9 27
Ethanol from stalk 7.6 27 205
Ethanol from residue 1.6 27 43
Bagasse 40 18 720
Jatropha 1.2 38 45

Production of bioethanol from cane juice was not
considered as it would affect the sugar production,
though it is shown for the sake of completeness. It was
assumed that 1/3 of cane crushed ends up as bagasse.
Sweet sorghum gives the highest potential. The data
shown here are only indicative as actual values depend
on many external and site-specific factors.

Direct combustion of biomass

In developed countries, highly-efficient combustion
technology is used under tight regulations on emissions
to extract energy from biomass. In developing countries
on the other hand, traditional technologies comprising
mostly three-stone open stoves that are both inefficient
and highly polluting are used. In the former case
statistics on biomass use are available, as commercially
traded fuel wood is used, while in the latter fuel wood is
collected directly from village sources and as such actual
data are not available and only estimates are used. The
global fuel wood consumption per capita is shown in
Table 11, according to which the highest consumption is
in Africa where a large number of countries fall under the
category of least developed countries, followed by South
American countries, and the least is in North America.
In Asia the per capita counsumption of biomass in the
South Asian countries is more than that consumed by the
rest of the regions, which include the Middle East.

Table 11: Global Fuel-wood Consumption - 20053

Region kg per capita
Africa 305
North America 70
LA & Caribbean 246
South Asia 129
Asia - rest 81
Europe 102
Oceania 172
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The total installed capacity of efficient biomass
combustion systems world over in 2006 for heating (235
GW) was more than five times than that for electricity
generation (45 GW) (see Table 3). The estimated total
biomass-generated electricity in 2005 world-wide was
about 183 TWh (see Table 12). Biomass continues to be the
major source of energy in most developing countries. Its
contribution is in excess of 90% in some least developed
countries in Africa and about 55% in South Asia while it
is 3-4% in Europe and North America*. In recent times
there have been efforts to disseminate improved cook
stoves (ICS) world-over. China has installed about 180
million ICSs representing about 95 percent of biomass
consuming households and India about 34 million ICSs,
representing about 25 percent of such households®.

Table 12: Major countries producing electricity from biomass — 2005

Country Energy TWh Percentage
USA 56.3 30.7
Germany 13.4 7.3
Brazil 13.4 7.3
Japan 9.4 5.1
Finland 8.9 4.9
UK 8.5 4.6
Canada 8.5 4.6
Spain 7.8 4.3
Others 57.1 312
World 183.3 100

In Sri Lanka, around 50% of the primary energy
comes from biomass in recent times®. It is assumed
that only traditional methods of combustion are used
with very low efficiencies of about 8-13%. With
increased importance given to utilization of renewable
energy sources, techniques have been developed and
commercialized to improve the combustion efficiencies
and reduce polluting emissions*. As shown in Table 5,
the largest usage of biomass in Sri Lanka is in domestic
and commercial cooking, using the traditional stoves.
Several organizations have developed improved cook
stoves (ICS) with higher efficiencies - about 18-24%*".
Field monitoring in Sri Lanka has found that the use of
ICS results in about 33% saving of biomass relative to
traditional stoves*’. With about 25,000 potters trained
in the manufacture of ICSs, it is estimated that the
annual production is around 300,000, and that around 01
million ICSs are currently in use in Sri Lanka* , which is
approximately 25% of the households in the country.

In 1992, an Inter-ministerial Committee appointed
by the Ministry of Power and Energy had recommended
the promotion of wood-fueled dendro power plants and
this proposal had received the Government approval in
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1993*. As a possible follow up to this recommendation,
the Ministry of Science and Technology had established
a separate unit on Alternative Energy within the Ministry
and has undertaken a programme to promote the
plantation of SRC crops and build pilot scale dendro-
power plants. With the successful demonstration of the
feasibility of dendro-power, the Government has again
appointed an Inter-Ministerial Working Committee on
Dendro Thermal Technology in 2004 to prepare an action
plan to develop biomass powered electricity generation
industry to a much larger scale®.

Studies undertaken by Perera et al.* have shown
that the total annual energy potential of bio-energy
plantation could be in the range 30-150 PJ in Sri Lanka
under different demand and production scenarios.
The corresponding range of total annual electricity
generation potential, with a production rate of 1 MWh
of electricity per 1 t of fuelwood, would be 2—10 TWh.
These figures indicate that the biomass based electricity
generation could contribute significantly to avoid the use
of imported oil and coal to meet the increasing energy
demand in the future. Perera et al.*’ have also estimated
the energy potential in biomass residue from agriculture
fields and industries considering available data on residue
to product ratios and collection factors and concluded
that the total potential, which is of the order of 63 PJ, is
a significant source for generation of electricity.

If the presently under-utilized land and other land
are cultivated with Gliricidia, Sorghum and sugar cane as
suggested in Table 9, the total thermal energy that could be
derived out of these crops will be almost 292 PJ as shown
in Table 13. It is assumed that the yield of biomass from
Gliricidia in mixed plantations is half that of dedicated
plantations because of the low plantation density. In
comparison, the present total energy consumption in
Sri Lanka as given in Table 4 is 9,270 kKTOE or 388 PJ,
out of which the thermal energy component of electricity
generation is only 46.8 PJ (Table 6). The total biomass
consumption in 2005 was 179 PJ (Table 5), out of
which the domestic sector consumed 130 PJ with the
rest consumed by industries, and these were met from
existing sources. Therefore the present thermal energy
requirement for electricity generation (47 PJ) could be
easily with the proposed new plantations even if only 1/6
the proposed extent is planted. The additional plantation
output could be sold as chips required for firing efficient
biomass stoves enabling more penetration of these stoves
in urban areas.
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Table 13. Potential thermal energy available from energy plantations

Crop Extent  Yield Crop/ Calorific  Potential
kha  t/ha Bagasse  value GJ/t  energy PJ
yield kt/year

Gliricidia’ 350 24 8,400 16 134
Gliricidia ? 155 12 1,860 16 30
Sorghum Bagasse 310 18 5,580 18 100
Sugar cane Bagasse 77 20 1,540 18 28
Total 292

1 =dedicated; 2 = mixed

With the encouragement given by the Government in
terms of tax concessions and power purchase agreements,
several investors have come forward with proposals to
set up biomass based power plants. The first commercial
dendro power plant in Sri Lanka with capacity 1 MW
was built at Walapane and it adds annually 6447 MWh
of electricity to the national grid consuming 40 t
of fuel wood a day*. Another grid-connected 1 MW
plant fired with coconut residue is in operation at
Badalgama®. Letters of intent (LOI) have been issued
to build several more biomass fired small power plants;
an agro-waste 9.8 MW plant*’, a paddy husk fired 3 MW
plant in Polonnaruwa, a paddy husk/Gliricidia fired 6
MW plant in Dehiattakandiya. and a Gliricidia fired 5
MW Co-Generation plant at Thulhiriya®. Studies are
being carried out by a cement manufacturer to build a
paddy husk and wood chip fired 6.6 MW power plant
at their cement grinding facility in Trincomalee. The
Energy Forum is working on the establishment of a
Dendro Power Pilot Project to provide off-grid power to
a village community of 100 households from a Gliricidia
plantation at Badalkumbura®. It is expected that at
least 10 households will earn their livelihood from the
project.

Biofuels from plants

The term biofuel is generally used to describe liquid fuels
manufactured from biomass for the transport sector. The
two most common biofuels are bioethanol - made from
sugar and starch — and biodiesel - made from vegetable
oils. Bioethanol is used in spark-ignited engines in place
of gasoline, while biodiesel is used in compression-
ignited engines in place of diesel oil.
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Bioethanol production

The total world production of bioethanol in 2006 has
been 38.653 Mt (Table 14). USA is the largest producer
with 37% share and the second is Brazil with 35%
share followed by China (8%), India (4%) and several
European countries. In Brazil, the feedstock is totally
from sugar cane, while in USA and China, it is from corn
and molasses. India depends on molasses and other crops
like sweet Sorghum.

Table 14. Global production of bioethanol in 2006

Country Quantity (Mt) Percentage (%)
u.s. 14.580 37.72
Brazil 13.487 34.89
China 3.054 7.90
India 1.508 3.90
France 0.754 1.95
Germany 0.607 1.57
Russia 0.514 1.33
Canada 0.459 1.19
Spain 0.366 0.95
South Africa 0.306 0.79
Thailand 0.279 0.72
Other 2.738 9.818
World 38.653 100.00

Diversion of food crops that yields sugar and starch
meant for human consumption to bioethanol manufacture
has resulted in escalation of prices of food raising issues
on priorities — food or fuel. This problem could be averted
if cellulosic material such as grass, agriculture residue,
tree toppings, wood industry waste and municipal solid
waste could be used for the manufacture of bioethanol.
Cellulosic substances are available in abundance and
their accumulation without a proper disposal mechanism
has today become an environmental issue. If these
material could be used for producing bioethanol, it
will be a solution to a burning environmental problem
too. However, conversion of cellulose to bioethanol is
somewhat of a difficult process because of the complex
nature of its constitution. These difficulties have
been overcome by resorting to biotechnology, but the
technology is still in the nascent stage. The commercial
scale manufacture of bioethanol from cellulosic material
today is limited to a few companies. Once this technology
is freely available, bioethanol is expected to replace
petroleum fuel in transport to a significant extent.
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Bioethanol has certain limitations as a direct
substitute for gasoline and for distribution using the
existing infrastructure. Its heating value is only 26
MJ/kg compared to 41 MJ/kg for gasoline. Bioethanol
causes corrosion in containers and pipelines, and hence
it is necessary to either add corrosion inhibitors or use
material not susceptible to corrosion. On the other hand,
bioethanol has high anti-knock properties, making it
suitable as an anti-knock agent, and is already being
blended for that purpose. It has high oxygen content
which improves the engine efficiency and combustion.

In the production process, bioethanol is initially
produced in hydrous form containing about 5%
moisture. However, for blending with gasoline, moisture
has to be removed to below 1% 3. Otherwise the blend
will not be stable. Removal of water is somewhat an
expensive and energy consuming process, which makes
anhydrous bioethanol costlier. Hydrous bioethanol is not
recommended for use in vehicles with regular engines as
it damages engine components. In Brazil only vehicles
withmodified engines are fueled with hydrous bioethanol.
Even gasoline blended with anhydrous bioethanol can be
used in regular engines only up to about 20% blend, and
increasing the ratio beyond this point requires engine
modification. Modified or flexi-vehicles are available in
western countries which can run on blends up to 85% of
bioethanol. Most countries have taken policy decisions
to blend all gasoline marketed with 5 - 10% of bioethanol
in the short term.

In Sri Lanka, the possible feedstocks that could
be used for the manufacture of bioethanol are sugar
molasses or sweet sorghum and starchy material such
as cassava and maize. In view of the demand for sugar,
it is not possible to divert the cane yield even partially
to produce bioethanol. Currently only the factories
at Pelawatte and Sevanagala produce sugar. During
2004/05, a total of 14,650 ha were under sugar cane.
The other two factories at Kantale and Hingurana were
closed down more than a decade ago. Previously these
two factories had produced nearly 12 kt of sugar annually
between the two in 1992, with 4,600 ha of land under
them®®. These two factories alone were expected to bring
12,400 ha under cultivation by 1968, but had cultivated
only 6,000 ha even by 1980%". If the production at both
these factories are revived, and assuming that the entire
land allocated in the sixties is still available, a total of
over 27 kha of land would be available with a potential
sugar production of 126 kt annually.
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In 2004/05, Pelawatte and Sevanagala factories have
jointly produced 7.06 million litres of alcohol from 737
kt of cane harvested from 13,600 ha of sugar cane®.
Taking the same ratio of alcohol to cane harvested
(9.6 L per tonne of cane or 520 l/ha), the potential
production of alcohol would be about 14 Ml in the short
term. Assuming that the present demand for consumption
and other uses is kept the same, only the balance 7 Ml or
6 kt will be available for blending with gasoline. With
approximately 600 kt of current consumption of gasoline,
the rehabilitation of the sugar industry could alone meet
only about 1.0 % of the gasoline demand.

A promising new crop being tried out in India for
the manufacture of bioethanol is sweet sorghum. Its
stalk has sugar which can be extracted and its cereal
gives starch for use as an animal feed or fermented into
sugar and bioethanol. Being a C4 plant, it needs little
water and can be grown in marginal land. A new hybrid
variety developed in USA yields about 3 t of grain and
about 12,000 litres of ethanol per hectare in one year®,
extracting it from grain, juice and molasses, while the
Indian variety yields only about 6,300 L/ha/y with two
crops a year®, With the land allocation for cultivation of
sweet sorghum as shown in Table 9, the total bioethanol
production could be increased by several fold — up to
about 3 Mt annually using USA variety - as shown in
Table 15. Its heat content, however, is the same as that of
2 Mt of gasoline which is more than 3 times consumed
in 2006. Thus, with 1/3 the spare land brought under
sweet sorghum cultivation and rehabilitation of all the
sugar cane plantations, it is possible to totally replace the
present and future consumption of gasoline.

Table 15: Potential production of bioethanol in Sri Lanka

Crop Extent Bioethanol Potential ~ Calorific  Potential
kha yield t/ha/y  quantity value energy
ktly Gln PJ
Sweet Sorghum 310 10.1 3,131 27 84
Sugar cane
(Molasses) 77 0.5 38 27 01
Total 2,983 80 3,169 85

Another alternative to gasoline is biobutanol,
the hydroxide of the fourth alkane - butane. This has
properties including the calorific value very similar to
those of gasoline and can be used as its direct substitute
with similar performance without any modification
to the engine. It can be produced from biomass as for
ethanol, but the required enzymes are still a proprietary
material®’.
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Biodiesel production

The term biodiesel is used to describe the methyl ester
of fatty acid obtained after reacting a vegetable oil or
animal fat with methanol in the presence of a catalyst
— usually sodium or potassium hydroxide. The reaction
also produces glycerin as a byproduct. Generally, 10
parts of oil and 1 part of methanol produce 10 parts of
ester and 1 part of glycerin®. A variety of vegetable oils
can be used to make biodiesel, ranging from oils of soya
bean (USA), rape seed (Germany) and sunflower seed
(EU) in temperate countries to Jatropha (India) and palm
(Malaysia) oils in tropical countries.

The productions of biodiesel in different countries
in 2006 are shown in Table 16, with a total of 6.42 Mt,
which is about 1/6th that of bioethanol produced in the
same year. The highest amount is in Germany where
the main feedstock is rape seed oil. Worldwide, 92%
of biodiesel is manufactured from rapeseed, 10% from
sunflower seed, 5% from soya bean and 3% from palm
0il®, Biodiesel could also be produced from rubber seed
oil, but the yield (0.15 t/ha/y of seed and 0.04 t/ha/y of
oil)* is too low to make it a significant source.

Table 16: Global production of biodiesel in 20065

Country Quantity (kt) Percentage (%)
Germany 2,662 41.44
USA 833 12.97
France 743 11.57
Malaysia 600 9.34
Italy 447 6.96
UK 192 2.99
Austria 123 1.91
Poland 116 1.81
Czech Rep. 107 1.67
China 100 1.56
Other 500 7.79
World 6,423 100.00

In view of adopting national policies promoting
biodiesel usage, there is a high demand for biodiesel in
Europe, and this is met from imports. The main exporters
are USA, Malaysia and China. India and several
other countries have commenced trials with Jatropha
plantations to produce biodiesel for their own use.
Jatropha curcas is a shrub growing in tropical countries
even under adverse climatic and marginal soil conditions,
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which yields about 30-40% of oil from its seeds. Trials
done in India have shown that 1 ha of Jatropha produces
about 3.75 t of seeds and 1.2 t of oil annually, which
can yield an equal quantity of biodiesel. Initially, India
has released 400,000 ha of land for this purpose, but no
commercial scale productions have commenced yet.

Generally, pure biodiesel is not used in regular
vehicles as it attacks engine parts containing elastomer
compounds. Blends up to about 20% biodiesel with
normal diesel show no damage, and the use of higher
ratios needs engine modification®. Like in the case of
bioethanol, most countries have taken policy decisions to
incorporate biodiesel in regular diesel in the short term,
the EU target being 5.75% and 10% for 2010 and 2020,
respectively®’.

With the land allocations shown in Table 9 for
energy plantations, Sri Lanka has the potential to produce
annually 458 kt of biodiesel or 405 kt after adjusting for
low heating value, as shown in Table 17, and this is about
21% of the country’s annual consumption of 1880 kt of
diesel. Therefore, blending of diesel oil with 10 — 20%
of biodiesel will be feasible, provided the required land
could be obtained and it could be produced at a cost on
par with imported fuel.

Table 17: Potential production of biodiesel in Sri Lanka

Source Extent Biodiesel Potential Calorific Potential
kha yield quantity value  energy

t/haly ktly Glit PJ

Jatropha in new land 350 1.2 420 38 15.6

Jatropha in paddy

land in fallow 28 1.2 33 38 1.2

Rubber seed 118 0.04 5 38 0.2

Total 458 17

Conversion of biomass into gaseous fuel

Biomass could be first converted into gaseous fuels,
which burn efficiently with minimum pollution. There
are two ways of doing this; one is gasification of woody
biomass and the other is the anaerobic digestion of waste
biomass including municipal solid waste.

Biomass gasification

Burning of wood under reduced conditions produces
a mixture of gases, mainly hydrogen and carbon
monoxide, called syngas. This gas when used to fire
thermal systems such as boilers, kilns and ovens results
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in high efficiencies (about 80 % ) of heat extraction®
and about 50% in electricity generation®. The (NERD)
Centre has been developing gasifier systems of capacities
in the range 150 -250 kWth for use in crematoria and
industry”. However, their demand has been declining
because of two reasons; one is the regular attention that
this apparatus needs for proper operation and the other is
the difficulty in getting a regular supply of fuel wood. A
private company has installed several gasifiers of 1,000
kWth range in various industries, which are working
satisfactorily. NERD has also developed a gasifier type
cook stove for domestic use. This has the potential as a
substitute for a gas cooker provided the necessary wood
chips are made available at retail shops in urban areas.

Syngas could be directly used to operate an internal
combustion engine and it was in fact practiced during
war time when petroleum oil was in short supply.
Because the gas was produced in situ and the apparatus
was bulky, it did not become popular when petroleum
was freely available. However, it has been possible to
synthesize light hydrocarbons from CO and H, present in
syngas by passing these two gases over catalytic material
at elevated temperature and pressure. Depending on
the catalyst and ambient conditions, different types
of hydrocarbons could be produced, which includes
Methanol and Dimethyl Ether (DME). Methanol is a
biofuel that could be used in place of gasoline in spark-
ignited vehicles, though it has a heating value lesser
than that of gasoline. DME, which is a gas at ambient
temperature and pressure, could be easily liquefied like
LPG, and transported. It has a cetane value similar to
that of petroleum diesel, and hence could be used as a
substitute for diesel. It is safe to handle, non-toxic and
could be used as a substitute for LPG as a domestic and
commercial fuel”'. Its heating value, however, is lower
by about 30% than that of petroleum diesel.

Studies have shown that 1 tonne of wood after
gasification and synthesis could produce about 700 L of
methanol”™. The present annual gasoline consumption
being about 600 M1, this amount could be produced from
wood harvested from about 60 kha, which is only 1/5 the
land allocated for ethanol production using sugar/starch
fermentation. Integrated studies on wood gasification
and DME synthesis carried out by Wang et al. have
shown that 1 kg of dry wood produces on an average
240 g of DME under laboratory conditions™. If this
process is commercialized and DME made available
freely it will be a better fuel than biodiesel, particularly
because of its high yield. If the 375 kha allocated to
Jatropha is planted with Gliricidia and the harvested
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wood is gasified and converted into DME, the annual yield
will be 2,250 kt, and this has the heat equivalent of 1,550
kt of petroleum diesel. Thus, cultivation of Gliricidia
instead of Jatropha will enable 82% substitution of
diesel, instead of 21% anticipated with Jatropha oil.
DME is a compound that has been targeted for future use
as a fuel in several countries around the world, led by
China and Japan7,

Biogas generation

The concept of generating biogas was introduced in
the 1970s and several thousands of biogas digesters
were installed in the country. The first community scale
digester was built in late seventies at Pattiyapola as part
of the UNDP Renewable Energy Programme. The gas
was used to drive a diesel generator to provide electricity
to the village but the programme was abandoned when
the grid was extended to the village. Biogas comprises
a mixture of methane (60-70%) and carbon dioxide (30-
40%) and is produced during the anaerobic digestion
of organic matter including human, animal, and plant
waste.

In a typical biogas generator, organic matter along
with cow dung is fed into pits built below ground. The
pit is covered with an up-turned cylinder in which gas
is collected. The gas can be burned to generate heat for
cooking and for providing light using a mantle lamp. The
sludge is removed regularly for use as a fertilizer. The
capacity may vary from small domestic units to large
units built to accommodate municipal market waste.
In Sri Lanka, it is estimated that there are about 3000
small biogas units installed in villages across the island™.
Two demonstration scale municipal digesters built by
the NERD Centre are in operation at Kirulapone and
Muthurajawela. Many of the plants built years ago have
been abandoned for want of proper maintenance, which
is an important factor for their sustenance.

Sri Lanka’s present cattle and buffalo populations
stand at 1.214 million and 0.314 million, respectively”’.
According to the Bio-Energy Association, a herd of 6
cattle produces 32 t of dung a year sufficient to produce
1,900 m* of biogas annually™. If dung from half of this
population could be fed into digesters spread across the
island, and assuming a calorific value of 27 MJ/m? for
biogas, the total energy that could be produced will be
about 6.5 PJ/year. When carried out on a commercial
scale, biogas could be compressed and transported to
user sites for thermal, lighting and transport applications,
as a substitute for LPG. With the government’s policy to
expand the livestock industry, there will be a potential to
produce 10 PJ of biogas energy annually.
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Energy from Municipal solid waste

Municipal Solid Waste (MSW) is generally disposed in
sanitary landfills with facilities for collection of methane
that is emitted after bio-degradation. However, several
attempts by the government to establish such landfills
met with resistance from the public and presently
MSW is disposed in several open dump sites. The
disposal of this waste continues to be both a social and
environmental problem for the last several decades. The
Western Province generates about 1,900 t of MSW a
day, out of which Colombo city alone generates about
800 t ™. Among different local bodies in the province,
the fraction of biodegradable matter in MSW varies from
50% to 94%, with 83% for Colombo city®. As a solution
to this problem, a company has offered to build a 40 MW
power plant consuming 1000 t of mixed MSW a day?®!.
The plant will gasify the waste at very high temperature
before feeding into the combustion chamber. In the
meantime, letters of intent have been issued to 10 other
parties to build MSW fired power plants with aggregate
capacity of 50 MW 2,

Perera et al.®® have assumed that all MSW collected in
the country (2.8 kt/day in 2005) could be disposed in
sanitary landfills resulting in the recovery of 90 kt of
methane a year which has the potential to generate 4.5
PJ of energy . In view of the high organic mater in the
waste collected within the city, it would be prudent to
sort and convert its biodegradable matter into biogas
as has been demonstrated and then use that gas to fire a
generator or other thermal appliance. The rest could be
recycled into useful products and the compost could be
used in cultivation. A long term power generation project
using MSW will be a disincentive for commencing a
programme to reduce, reuse and recycling of waste.

Small hydro power systems

Hydropower plants rated below 10 MW are referred to

Table 18: Installed and planned small hydro plants globally

Installed capacity in ~ Future planned

Region .
2005 - MW capacity- MW

North America 3,925 16
South America 1,751 2,044
Asia 3,991 1,333

Europe 10,223 985
Middle East 107 136
Africa 117 4
Oceania 108 7
World 20,222 4,525
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as small hydro (SH) plants in this study. Such plants
fall into a range of categories; small (1-10 MW), mini-
(0.1-1 MW), micro-(10-100 kW) and pico-plants (1-10
kW). Generally, small and mini-hydro plants are grid-
connected, while micro- and pico- level plants are not
connected to the grid. The main attraction of these
plants is that they could be built with relatively small
capital. However, they do make adverse impacts on the
environment by depriving water for other uses as well as
to fauna and flora in between the points of extraction and
discharge. Another shortcoming of small hydro systems
is the non-reliability of available energy, particularly
during lean flow periods, resulting in a low plant factor.

According to WEC 2007 report, SH plants are popular
even in developed countries. Table 18 shows the installed
capacity of SH plants that were in operation in different
regions at the end of 2005. USA and Brazil, two countries
having large numbers of SH plants amounting to 2,388
MW and 1,429 MW, respectively, of installed capacity,
have been generating electricity at plant factors of 51%
and 53%, respectively.

During the 18% and 19" centuries, about 500
mini-hydro systems had been installed in Sri Lanka
to supply electricity to the plantation sector and
subsequently abandoned when grid supply came to the
estates. It has been reported that out of these about 60
have been rehabilitated in recent years®. With a large
number of waterways cascading from the central hills,
Sri Lanka offers many sites to develop SH generation.
According to an independent study, over 500 MW of SH
capacity can be generated from these streams®®.

The first grid-connected SH plant was installed by a
private operator in 1998. Since then a large number of
sites were developed by the private sector with financial
assistance provided by the GEF and the WB. The
Government initially declared that only the development
of mini hydro plants (< 1 MW) would be financed by
the private sector®’, but this upper limit was subsequently
extended to 10 MW. Under the RERED project, a
total capacity of 117 MW of grid-connected small and
mini-hydro plants had been approved, including 35
small hydro (1.0-9.9 MW) and 11 mini-hydro plants
(200-950 kW)™, As of September 2007, a total of 163
grid-connected projects with an aggregated capacity of
316 MW were in operation or agreements signed or letters
of intent issued®. Under the same project (RERED),
1,045 kW capacity off-grid micro-hydro systems had
been completed and another 365 kW systems planned
to provide electricity to about 5,900 households. These
comprise mini-grid systems each serving a few tens of
households living close to the plant. In many of these,
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the problem has been the inadequate capacity to meet
the energy needs of the consumers, and the recurrent
90

breakdowns and drop in the capacity during droughts®.

The impact of SH plants on the environment needs
serious consideration. According to EIA guidelines
of the CEA, medium hydro generation (< 50 MW) or
transmission lines below 50 kV does not need a full
environment impact assessment (EIA), only an initial
environment examination (IEE) is required®’. Most
undeveloped potential sites are in forest areas and
difficult terrains. More than the land required to build the
plant, building of a transmission line of many kilometres
to take power to the closest substation would involve
clearing of forest land causing much damage to the
environment.

Solar energy

It is a misnomer to classify solar energy as an alternative
source of energy, because it is the prime source of energy
which maintains all living beings on earth. Even the
fossil fuels have their origin to solar energy that was
captured many millions years ago by vegetation which
later got fossilized. The only two exceptions are the
nuclear energy and geothermal energy, but these two will
not be discussed here.

Solar energy insolation: Sun emits energy at a continuous
rate of 3.84x10% J per second®®. Solar energy incident
on top of the atmosphere with the sun overhead is 1367
W/m?, which is referred to as the solar constant®®. The
energy intercepted by the Earth is 175 PW and the
amount incident over Sri Lanka is on an average 1,170
PJ/day at ground level. Whereas, the total energy content
in different fuels used in Sri Lanka in 2005 has been only
9,270 kKTOE (Table 4) which is equivalent to 388 PJ/year
or 1.06 PJ/day and this is only 0.09% of the solar energy
incident over the country. Thus, what is required is to
develop/acquire technology to harness this enormous
potential available at our door step and make it the
main-stream of energy source rather than consider it as
an alternative source. In this context, one may attempt to
simulate what is happening in nature making use of new
technologies such as nano technology® .

The total radiation energy incident during a day on
top of the atmosphere at different latitudes and times of
the year varies from zero to 50 MJ/m? because of the
seasonal variation of the sun’s inclination®. The maximum
daily radiation is received at the South Pole during
24-hour daylight period and zero when it is in 24 hour
darkness. At the equator, the solar energy incident at the
top of the atmosphere varies between 33.5 MJ/m?%day in
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Figure 2: Distribution of monthly mean daily solar radiation over
Sri Lanka

June to 35 MJ/m?/day in December. The 24-hour daylight
at the poles in summer makes the radiation incident there
greater than that at the equator. When integrated over the
year, the total energy received at the equator and poles
remains within a factor of about 2, between 13 GJ/m? and
6.5 GJ/m?, respectively, implying that even countries at
high latitudes can take advantage of solar energy.

The solar irradiance at ground level is largely dependent
on the amount absorbed by various gases present in the
atmosphere and the distance traversed by radiation. The
energy incident on the ground at overhead sun at the
equator is about 1000 W/m?2. This value reduces further
at high solar angle due to longer path length than at
overhead sun. The diurnal variation causes the intensity
to have a cosine dependence which makes the 12 hour
exposure during a day at the equator to be approximately
equivalent to a 5-hour exposure at noon value. The
absence of water vapour over deserts makes the intensity
very high at these locations. The highest annual mean
daily irradiance of 300 W/m? has been recorded near
Red Sea area while typical value in the tropics is
about 200 W/m?, and the values at high latitudes about
100 W/m? % .

The irradiation falling on a few locations in
Sri Lanka was measured by Samuel®”” who reported
annual mean values ranging from 10 MJ/m*day in the
central hills to 16 MJ/m*day in the coastal belt in south
and west and the dry zone in the north and east. Using
these irradiance data and sun shine data, Zubair °® has
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constructed a solar irradiance map for Sri Lanka with
greater resolution (Figue 2) where the maximum daily
irradiation of 18-19 MJ/m? is estimated for the eastern
coastal belt and the north central province, while the
minimum value of 8-9 MJ/m? was estimated for the
central hills.

Several technologies are available today to harness solar
energy and each of these will be discussed below, both in
the global and local context.

Solar thermal systems

Solar thermal (ST) systems comprise two types; flat
plate (FP) collectors for individual consumer use and
concentrated reflector (CR) collectors for centralised
use. FP collectors are used mostly to provide hot water
to dwellings and commercial buildings. The blackened
plate in the collector, covered with a glass sheet and
an insulation backing, absorbs the thermal energy in
radiation and the resulting heat is transferred to water
flowing through tubes embedded in the plate. The water
line is connected in a loop to a roof-top tank. Generally
water gets heated to a temperature about 60° C in a clear
sunny day. The capacity is expressed in kW, obtained by
multiplying the effective area of the collector plate in m?
by the factor 0.7 kW /m**.

Solar thermal systems makes up more than 90 % of the
solar energy capacity installed worldwide, and it is one
of the most cost effective forms of alternative energy
sources where the investment is paid back within a
matter of a few years!'®. ST systems are recommended to
use along with gas heated systems to avoid sudden loss
of heat input due to cloud cover. The global solar thermal
market is dominated by China, possessing 64% of the
global market of 105 GW in 2006. The other key players
are EU (12.8%), Turkey (6.3%), Japan (4.7%), and Israel
(3.8%). The breakdown of thermal installations in EU
and other countries is shown in Table 19.

Table 19 Global solar water heating capacity in 2006'"!

Country Capacity (GWth) Percentage (%)
China 67.9 64.36
EU 13.5 12.80
Turkey 6.6 6.26
Japan 4.7 4.45
Israel 3.8 3.60
Brazil 2.2 2.09
USA 1.8 1.71
Australia 1.3 1.23
India 1.2 1.14
Jordan 0.5 0.47
Other 2 1.90
World 105.5 100.00
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In Sri Lanka, ST systems have been marketed for several
decades especially for use in residences and hotels.
However, the installed capacities are not included in
national energy statistics and it is not possible to assess
their contribution to alternative energy supply in the
country. One company has claimed in its website that
they have installed about 13,000 systems over a period
of 23 years'®. The total capacity that has been installed
amounts to 17,370 m* or 12.16 MW . Since there are
several companies involved, a rough estimate is that the
total capacity installed could be in the range 30-50 MW .
There is great potential to increase this share by proper
marketing and some sort of incentive schemes, with a
target of at least 100 MW, which has the potential to
generate 0.66 PJ annually.

In all the agro-processing industries including paddy,
coconut, tea and rubber there is need to dry the products
for which hot air is required. Solar thermal systems could
be used for this application also. Trials carried out at the
Tea Research Institute (TRI) to pre-heat air using a set
of FP collectors before feeding into a furnace-heated
tea drier have shown that fuel savings of 25-34% could
be achieved!®. Considering the fact that processing of
1 kg of made tea requires on an average 9 MJ of thermal
energy'® and low country produces about 180 kt of tea
annually, introduction of solar heating in the low country
could save at least 450 TJ of thermal energy, generated
either by fuel-wood or furnace oil. Many industries and
hotels use fuel-fired boilers to generate steam, and much
energy could be saved by getting the water that is fed to
the boiler first pre-heated by solar energy.

Concentrated reflector collectors could use either a
spherical parabolic dish with the collector at the focus
or a cylindrical parabolic reflector (trough) with tubing
at the focus carrying a thermal fluid. Generally, these
have solar tracking systems for improved performance.
The collector at the focus may be a simple community
cooking vessel or a sophisticated heat transfer system
for operating a prime mover for generating electricity.
The cylindrical devices with capacities of the order of
megawatts covering large extents of land are operating
only as pilot scale projects. In another design, a large
number — thousands - of individual mirrors (heliostats)
focus radiation on to a central receiver which transfers
the heat through superheated fluid to operate an engine
to drive a turbine. There are already eleven such plants
operating in USA with capacities in the range 14-80
MW, adding to a total of 374 MW and another four large
plants (100-500 MW) are either under construction or
development'®. Six more are being planned with funding
from the GEF in high insolation sites in 6 countries using
troughs, dishes and mirror systems to generate electricity
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with capacities in the range 4-50 MW, adding to a total of
338 MW!%. A 100 MW pilot scale heliostat comprising
sun-tracking flat mirrors is being built in Israel'”, for
later expansion to a commercial system of 900 MW to be
built in California'®. This is a promising technology that
Sri Lanka could adopt in view of the high insolation in
certain areas.

Solar photovoltaic systems

The development of semiconductor technology has
enabled the construction of photo-voltaic (PV) cells
which generate an electrical direct current in a circuit
connected to the cell when exposed to visible light.
Panels are fabricated combining cells in different
configurations to deliver various capacities of electrical
power ranging from a few tens of Watts (peak) to a few
hundreds of Watts (peak), which is the power generated
at peak radiation intensity of 1000 W/m?2. At diminished
light during cloud cover, current flowing and in turn the
deliverable power, get reduced in proportionate to the
light intensity.

According to recent studies by the Solar Energy
Industries Association (SEIA)'® , the US market for
solar PV systems grew 20% per year until 2006 when
growth increased to 36%, mainly due to the federal
investment tax credit introduced in 2005. This was so in
European countries as well. As a result, during the last
decade, there has been a significant growth in solar PV
system installations globally. The situation as at the end
of 2007 is shown in Table 20, which shows the world-
wide installations larger than 2.0 MW

Table 20: Global solar PV installed capacity (>200 Wp) in 2007'°

Country Capacity (MWp) Percentage (%)
Germany 403.7 46.12
Spain 245.4 28.04
USA 141.3 16.14
Italy 16.9 1.93
Japan 16.7 1.91
Korea 133 1.52
Portugal 11.8 1.35
Netherlands 9.0 1.03
Switzerland 5.1 0.58
Belgium 2.9 0.33
Australia 2.2 0.25
Other 7.0 0.80
World 875.3 100.00

The “Other” installations are in the range 0.2 — 2.0
MWp in several countries including China, Austria,
Czech Republic, Philippines, Japan, India, Thailand
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and Malaysia. These are all grid-connected systems
including individual residential systems of a few kilo-
watts capacity, which require net metering and inverters
to convert the DC output into AC of appropriate voltage.
Solar panels provide an opportunity for an individual
to contribute to saving of GHG emissions and be a
responsible citizen. The system output can be increased
by providing for tracking the sun and concentrating the
radiation falling on cells.

As in many other developing countries, in Sri Lanka,
solar home systems (SHS) were conceived as suitable
for the rural communities away from the national grid
to provide essentials such as lighting and operation of
a radio and black and white television. Initially nearly
21,000 SHS were installed, with a total capacity of
985 kW under the GEF supported ESD programme.
Subsequently well over 100,000 rural homes were
supplied with electricity through SHS under the RERED
Projects. Some installations have been, however,
abandoned after grid electricity was introduced.

Sri Lanka’s National Energy Policy envisages that
6% of remote rural households will be electrified through
off-grid solutions by 2010. However, a SHS typically
costs from around Rs. 35,000- 60,000, an amount not
affordable to most villagers. Hence, villagers had to
seek credit facilities through several NGOs such as
SEED of Sarvodaya, ITDG and Energy Forum to assist
them. SEED has helped over 50,000 clients to purchase
solar home systems through its micro-credit scheme .
During the extended financing implementation period,
the project would provide energy access to 60,000
additional households in rural areas through off-grid
electricity services.

In Sri Lanka, Worldview Global Media has
connected a 25kW solar PV system to the national grid
in January 2002, making it a first-ever grid-connected
solar project in the country'?. According to a press
advertisement which appeared recently, one of the
upcoming condominium buildings is planning to install
solar panels of capacity 1000W to supplement the energy
requirements of the building. Such initiatives taken by
individual parties need to be encouraged and promoted
by the Government by granting duty waivers, rebates
and tax concession, enabling a wider group to undertake
such projects to utilize solar energy on a larger scale than
done at present. If the proposed new tariff structure was
enforced, any investment on solar panels would become
attractive for the affluent consuming more than 600 units
a month, with pay-back period less than 5 years.

CEB statistics show that in 2006, there were about
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8,900 consumers in the domestic sector consuming
over 500 units monthly, and if 5,000 of them
could be persuaded to get 1 kW panels installed,
the total installed capacity would be SMW. Under the
General category, over 500 consumers had their monthly
consumption in the range 18,000 — 280,000 units, and
under industrial category, over 750 consumers had their
monthly consumption in the range 30,000 — 500,000
units'®. These heavy consumers should be given
incentives - rebates, tax concessions and also national
recognition - enabling at least 1000 of them persuaded
to install panels of average capacity 5 kW. This will
add another SMW capacity to the grid, making a total
of 10 MW of solar PV capacity, which has the potential
to generate approximately 66 TJ annually. The tariff
applicable to these categories should be adjusted and
duties and taxes waived so that investments on solar
panels will have a reasonable pay back period. The
levelized cost of production is immaterial in this case.

Wind energy

The steady prevailing winds at high latitudes enabled
North American and European countries to exploit wind
energy resources to a large extent. According to the
Global Wind Energy Council, the sum of the world’s total
installed capacity exceeded 74 GW by the end of 2006.
Germany is leading having 28% of the global capacity
and USA and Spain following with 16% each. Among
Asian countries, India and China have jointly installed
12 % of the total capacity. Table 21 shows the capacities
of top 10 producers of wind power in 2006. The overall
growth in 2006 has been around 32%, while that in Asia
alone has been about 53%, with the main contribution
coming from China. The individual plant sizes also have
increased since eighties with an individual plant now
having a capacity in the range 1-2 MW!4,

Table 21: Installed wind power capacity among top ten countries in

2006"*
Country Capacity (MW) Percentage (%)
Germany 20,622 27.8
Spain 11,615 15.6
USA 11,603 15.6
India 6,270 8.4
Denmark 3,136 4.2
China 2,604 35
Italy 2,123 2.9
UK 1,963 2.6
Portugal 1,716 2.3
France 1,567 2.1
Rest 11,005 14.8
World 74,223 100.0
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Wind energy could also be generated using small units
with capacity of a few hundreds of Watts to a few decades
of kilowatts. Those below 1 kW are referred to as micro-
turbines while larger units up to 100 kW are referred
to as small turbines. Micro-turbines are generally used
in off-grid applications to meet the requirements of
individual consumers. Small turbines are generally grid-
connected. Such systems are widely used in developed
countries. For example, a total of 17.5 MW capacity of
small turbines were installed in 2006 alone in USA while
another 19.5 MW of capacity were installed in 2006
outside USA!®. In both cases, the majority were off-grid
connected systems — 11 MW and 16.4 MW, respectively.
The bulk of the installations are in the range 1-10 kW
range. Micro-turbines of capacity 400 — 600 W are
available from Indian manufacturers around US$ 1,000
— 1,500, a sum affordable to many local consumers.
Ideally, a micro-turbine should be installed along with a
solar PV panel to complement each other.

The wind-mapping studies performed by the US
National Renewable Energy Laboratory (NREL) found
that Sri Lanka has many areas estimated to have good-
to-excellent wind resources, with wind power densities
in the range 200 — 600 W/m? in the north-western and
south-eastern coastal region and in north-central region,
and exceeding 600 W/m? in the central highlands as
shown in Figure 3. These are only indicative and further
investigations from ground observations are necessary to
establish the feasibility of installing WE systems at these
sites.
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Figure 3: Wind power density assessment at 50 m above ground'"’
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Based on wind data collected by CEB over a
period of 3 years covering an area of 1,500 km?
a joint UNDP/WB team has assessed a total wind power
potential of 1,800 MW stretching over Southern coastal
belt, SE lowlands, Puttalam-Kalpitiya bay and Mannar-
Jaffna area''®. The study has further revealed that as much
as 2000 MW of wind power could be absorbed gradually
into the national grid over the period 2003-2018.

In Sri Lanka, a pilot scale wind power plant of
capacity 3 MW consisting of 5 wind turbines of 600
kW each was commissioned in 1999 near Hambantota,
financed by the WB and the GEF. The expected annual
energy generation was around 4.5 GWh, with an
estimated plant factor of 17%. However, the plant could
achieve an average plant factor of only 14% with a peak
0f25% in July and a minimum of about 5% in November
and March'"® . A proposal has been submitted to build
a 50 MW wind energy plant in Kalpitiya by an Indian
Company, which is still pending'® . In the meantime the
construction of 3 wind energy plants each of capacity 10
MW at Kalpitiya has been approved. In Sri Lanka, small
wind turbines were promoted for several decades for
pumping of water and a few were installed for electricity
generation too. These were installed mostly in the
southern coastal area meant for individual households.
There is also a 2.5 kW community-level plant in
Hambantota area.

Ocean energy

The differential heating of the Earth between the equator
and poles causes currents in the oceans and winds in
the atmosphere. The interaction of winds with the sea
surface causes wave movements in the water. Unlike
winds, ocean current systems (OCS) are steady, flow in
one direction and the flow pattern hardly changes. These
currents travel from equatorial regions to polar regions
in shallow waters and return to equatorial regions
in deep waters carrying cold waters from the poles.
As such, there is a significant temperature difference
between the waters at surface and lower depths. The
gravitational force of the moon causes tides in the ocean
whereby the sea water level changes diurnally by several
metres particularly in mid-latitudes. Exploiting these
phenomena — waves, currents, temperature differences
and tides — it is possible to develop systems to convert
the ocean energy into usable energy forms. Sri Lanka,
surrounded by the ocean, could benefit enormously, if
these systems are found feasible here (except the tidal
movement which is not significant here).

Wave energy

Winds carry energy, and part of this is transferred to
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water while moving on its surface creating wave motion.
The size of the waves depends on the wind speed, the
length of time and distance over which the wind blows
and the ocean depth. The wave energy density around
coastal areas in the world monitored through satellite
observations ranges between about 10 to 100 kW/m of
crest length as seen in Figure 4. Any area with yearly
averages of over 15kW/m has the potential to generate
wave energy at competitive prices.

A variety of technologies are used to extract energy
from waves — oscillating horizontal hinged cylinders,
oscillating water columns, oscillating counterweights
attached to pulleys, oscillating magnets inside solenoids
and oscillating buoys. In several sites, pilot scale
demonstration plants have shown the feasibility of
technologies and construction of commercial plants
are at various stages of development around the world.
These are at Scotland, Portugal, Australia, England,
Oregon, Spain and South Africa, where the wave energy
density exceeds 40 kW/m (see Fig. 4). Their capacities
range from 2 to 5 MW initially and the minimum plant
factor expected is 20%'*>!2, . In the meantime, a firm in
Israel has offered to build a 10 MW wave energy plant
in the southern coast of Sri Lanka using new technology
which comprises a set of pistons creating pressure inside
hydraulic oil channels driving a hydraulic motor and
in turn an electrical generator'*. The firm claims that
the cost of electricity generated with this system is the
cheapest being not more than US 2 cts. per unit'®.

According to World Wave Data compiled by
OCEANOR from satellite observations, the annual
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average wave power off the western coast of Sri Lanka is
in the range 10-15 kW/m, while it is 15-20 kW/m off the
southern coast . (S. Barstow, personal communication)
The estimation of wave power near the coast at specific
sites needs retrieval of satellite data (available at nominal
cost) and analysis and this is essential before planning
any wave energy plants. Some ground studies carried out
recently in Sri Lanka to identify sites along the southern
coast line suitable for exploiting wave energy have
concluded that at four bay sites, about 800 MW of wave
energy could be generated'?

Ocean Current Systems (OCS)

Ocean current system is a complex pattern affected by
the wind, water salinity and temperature, topography of
the ocean floor, and the earth’s rotation. These currents
are driven by the temperature difference between arctic
and equatorial waters; where warm waters travel near
the surface towards the poles and continue at low depths
carrying cold water back to the equatorial regions (see
Fig. 5). These are more or less steady currents with
no seasonal change. The European Commission has
estimated that the OCS around the UK alone could
have 4.3 GW capacity'”’. When the continental shelf is
narrow, OCS flow close to the shore and it is possible
to install a turbine in its path to generate energy. This is
similar to a WE system, but submerged. Initial studies
suggest that for economic exploitation, velocities of at
least 2 m/s would be required, although it is possible
to generate energy from velocities as low as 1 m/s'?® .
As shown in Fig. 12, two such shallow current systems
flow past Bermuda and the Philippines and already pilot

Figure 4 Wave energy density around the world in kW/m of crest length'!
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scale projects are being planned at these two sites. In the
Pacific, OCS takes the return loop from shallow to deep
waters near British Columbia, where work on a 500 kW
pre-commercial demonstration project off the coast has
commenced'?.

Bermuda is planning to build a system comprising a
10 MW submerged power plant intercepting currents in
the Gulf Stream"!. An ambitious project to build a 2,200
MW OCS power plant off the coast in the Philippines
has been proposed by a company in British Columbia.
If proven successful, this technology could be replicated
in locations where suitable OCS potential exits. The
shallow water warm current streams in the Pacific Ocean
and the Indian Ocean take the return loop to deep waters
near British Columbia and Sri Lanka, respectively, in
a similar fashion. British Columbia is conducting pilot
scale OCS trials off its coast, but Sri Lanka is yet to give
thought to it. Unlike a wind turbine, ocean current turbine
will generate energy at a steady rate and it is guaranteed.
Thus, of all the alternative systems discussed, OCS
has the potential to generate a steady power supply to
serve the base load requirements. It is therefore worth
exploring the feasibility of developing OCS to ensure
energy security for the country.

Ocean Thermal Energy Conversion (OTEC)

A temperature difference existing between the surface
and cold depths in the ocean could be made use of to
drive a heat engine that in turn could produce electricity,
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desalinate water, support deep-water mariculture,
and provide refrigeration and air-conditioning as well
as support crop growth and mineral extraction. The
temperature difference has to exceed about 200C for
the process to become viable. Furthermore, the site has
to be within a reasonable distance form the shore and
the cold water extraction point has to be within about
1000 m depth for the project to become practical.
Equatorial regions in the Pacific and Indian Oceans offer
many such locations with temperature difference in the
range 20-240C'*2 .

Several pilot scale units have been developed over
several decades but so far this technology has not been
takentocommercialscale. Oneadvantage of OTEC system
when used for electricity generation is the stability of the
power output which makes it suitable for supplying base
load requirements, similar to the case of OCS. Hence,
many countries are pursuing this technology for which
dedicated R&D centres have been established in Hawaii
and Japan. Among the few desalination plants developed
is one commissioned recently on Kavaratti Island, India
by the National Institute of Ocean Technology (NIOT) in
Chennai'®. The plant has a capacity of 100 kl a day and
NIOT has plans to build more plants. The availability of
potable desalinated water as a by-product is expected to
reduce the cost of electricity generated by 1/3, making
the projects viable. A demonstration 1.2 MW OTEC
plant is now under construction at Hawaii for operation
in 2009. It is estimated that by 2020, there could be a

Shallow warm current

Deep cold current

Fig. 5.
currents.

Major ocean currents of the world. Red arrows indicate shallow warm currents & blue arrows indicate deep cold

Journal of the National Science Foundation of Sri Lanka 36 Special Issue

November 2008



108

total of 20 GW capacity OTEC plants installed in Asia-
Pacific region, comprising individual plants of capacity
in the range 10-100 MW"

Sri Lanka has been considering from time to time
the possibility of installing an OTEC system, but the idea
has been dropped due to technical and economic issues'®.
More recently, the National Aquatic Resources Research
& Development Agency (NARA) in collaboration with
Japan’s Institute of Ocean Energy at Saga University
has identified three submarine canyons off the coasts at
Panadura, Dondra and Trincomalee as suitable sites for
OTEC plants'*¢, and any follow up work will depend on
the funding available. A separate study has shown that a
series of OTEC plants each with capacity up to 5 MW is
feasible on the Eastern coast'*’.

DISCUSSION
Hurdles for Development of Alternative Systems

The key disincentive for the slow progress in the
utilization of alternative sources is the apparent high
initial cost. It is the general practice to compare the costs
of different technologies by working out the costs per
unit energy generated after incorporating both the initial
capital cost amortised over the life time of the plant and
the interest on the capital and the recurring cost which
may include cost of fuel, operation and maintenance costs
— both fixed and operational. Such costing referred to as
levelized costs shows conventional systems such as coal,
large hydro and even nuclear plants generate electricity
at much cheaper rate than alternative systems'®. In
these analyses, only the cost of production at generation
site is considered without accounting for the costs of
transmission and distribution or the environmental and
social costs. Electricity from a cheap coal plant has to
be taken to a distant consumer for which an elaborate
infrastructure is required. On the other hand, electricity
from a solar panel is available at the door step with no
additional costs. As such there is no level playing field in
these cost calculations. What is important is the cost to
the consumer and the pay-back period for investment on
AES.

The lack of capacity of medium voltage substations to
absorb the energy from small power plants, particularly in
the up country where small hydro capacity exists, and the
poor quality of the transmission network have imposed
certain limitations on the grid capacity expansion'®.
Another barrier has been the fear that embedded
generations such as grid connected small hydro-, and
wind-power plants could destabilize the grid system
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because of their fluctuations if the total exceeds a certain
minimum. According to a consultant, the limiting value
of generation absorption allowable on the 2004 CEB
network connected at the 33kV voltage level, is 140 MW
of embedded generation, which could be raised to 330
MW with the network improvements envisaged in 2008,
and up to 640 MW with network improvements due for
20130 | In these studies it has been assumed that the
output of all CEB generation was reduced as the output
of embedded generation was increased and suggesting
that only large hydro power output be reduced as the
reduction of thermal generation may seriously impede
network performance. This, however, does not sound
rational on two counts.

Firstly, alternative generation of energy (117
MW of small- and min-hydro plants installed by 2007
under RERED project) has been supported by GEF on
grounds that such generation would avoid combustion
of fossil fuel as claimed in the proposal submitted to
GEEF. Secondly, during 1990 — 1995, CEB had only 20%
thermal capacity, with the energy generated from hydro
being in the range 92.3% — 99.8% (except in 1992 when
these was a severe drought)!#! , and there has been no
known deterioration of grid network performance solely
due to this factor. One should bear in mind the objective
of developing alternative sources of energy was to save
on fossil fuel consumption. Hence, there is no logic
in saying that mini- and small-hydro plants should be
connected to the grid as embedded sources at the expense
of large hydro plants and not thermal generation.

Policies on Alternative Energy

The Government has taken certain policy decisions
with regard to promotion of alternative sources of energy.
The National Energy Policy and Strategies adopted in
2006 has included as one policy element that indigenous
energy resources will be developed to an optimum level
to minimize dependence on non-indigenous resources',
The Policy has identified small-scale hydropower,
biomass including dendro-power, biogas and waste, solar
power and wind power as the leading NCRE sources
promoted in Sri Lanka for connection into the grid. In
addition, wave energy and OTEC are also encouraged
where appropriate.

The Government has fixed a target of 10% of
electrical energy supplied to the grid to be from NCRE
sources by 2015, with interim targets for specific NCRE
technologies to be included in a 20-year Long-Term
NCRE Plan, which will be updated biennially, and has
decided to create an Energy Fund to provide incentives
for the promotion of NCRE technologies and strengthen
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the transmission network to absorb the NCRE generation.
These incentives will be technology-specific, based on
actual energy supplied and provided on a competitive
basis. The Cabinet of Ministers has decided to declare
Grilicidia as a national plantation essential for the
generation of energy through fuel-wood farming by the
rural poor which will enhance their economy.

The Bio Energy Association of Sri Lanka has
submitted a proposal to the government several years ago
outling policy elements, action plans and achievement
targets for the utilization of biomass resources in
Sri Lanka, suggesting the establishment of a resolving
fund to promote the private sector investment on SRC
plantations. In view of the many benefits, it is urged
that the government take early action to implement its
recommendations'®.

The Government has established through an Act of
the Parliament (Act 35 of 2007) a new authority — Sri
Lanka Sustainable Energy Authority (SEA) — for the
promotion and implement its policies and strategies in
respect of NCRE sources. The Authority has already
initiated to register all existing and prospective developers
of renewable energy resources, and has announced a
new tariff structure for purchasing electricity generated
from NCRE sources'* . These are technology specific
with the highest for wind energy (Rs. 18.61/unit) and the
lowest for wave energy (Rs. 6.82/unit) on the flat scale
for the first 20 years. These appear to be on the high side
compared to rates found elsewhere, and also there is no
rational for the tariff to be technology-specific. Though
the policy statement above refers to offering best prices
for NCRE sources which has been included possibly to
attract investors, supplying NCRE to the grid shall not
be made an economic activity that will benefit only the
investor and not the consumer.

CONCLUSION

Sri Lanka has taken the initiative many years ago
to harness alternative energy resources. The availability
of global funding for mitigating greenhouse gas
emissions has given an impetus for the rapid penetration
of alternative energy technologies to provide electrical
energy both to the national grid and to villagers.
The escalating prices of oil and gas have prompted
establishment of energy plantations and also drawing
plan for the manufacture of biofuels for transport. Both
these require extensive land resources, and preliminary
studies have shown the availability of about 1,000 kha
for growing new energy plantations. If this land is used
equitably to grow gliricidia, sweet sorghum and jatropha
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and using other unutilized land and sharing portions of
plantation land, it is possible to replace the entire fossil
fuels for electricity generation with only 1/6th of biomass
utilized from these cultivations. The bioethanol produced
from sweet sorghum and molasses from rehabilitated
sugar plantations could also replace the entire gasoline
volume that is presently consumed. Biodiesel from
Jatropha in new land could replace only about 20% of
diesel presently consumed. However, a more promising
technology to produce biofuels is the gasification of
biomass of any type to first produce syngas and then
to synthesise either methanol or DME from syngas as
substitutes for gasoline or diesel, respectively. With
the escalation of crude oil prices, this technology will
find attractive for countries which can grow sufficient
amounts of biomass as well as having waste biomass.

The only two inexhaustible sources of energy
available are solar and wind. Solar energy is available
at our door step. With the initially proposed electricity
tariff structure, installation of large solar PV panels by
high-end electricity consumers is cost effective with only
a short pay-back period, but with the final tariff structure,
the pay back period has got extended. Government
intervention is necessary to provide the necessary
incentives by way of rebates, tax concessions and
waiver of import duty, to encourage higher penetration,
particularly among environment conscious consumers
to generate their own “green” energy. Solar thermal
systems should be promoted as they are cost effective for
domestic, commercial and industrial use.

Even if biofuels are developed using Jatropha or
sweet sorghum or gasified wood, they can only operate
vehicles fitted with internal combustion engines which
are polluting and only about 30% efficient. However, a
new technology based on fuel cells has been developed
which can operate vehicles and drive small power
generators more efficiently. Fuel cell operated vehicles
are already running on roads in western countries on
a pilot scale and the technology will come here once
commercial productions begin. There will be absolutely
no pollution — only water vapour - due to exhaust
emissions. Infrastructure being built currently island-
wide for mandatory checking of vehicular emissions will
become redundant with these vehicles.

The main obstacle with fuel cell usage is the need
for hydrogen. Where natural gas is available, hydrogen
could be extracted from it. Hydrogen can also be obtained
simply by electrolysing water, for which a source of
direct current is necessary. This can be provided either
by a central concentrator type solar thermal system or
by a wind energy system, both of which can be off-grid.

Journal of the National Science Foundation of Sri Lanka 36 Special Issue

November 2008



110

Hydrogen power generation could be developed to meet
the needs of both electricity generation and the transport
sector. The Hydrogen generated could be distributed either
by pipelines or in compressed cylinders or both. Transport
of fuels could be minimized by having distributed
generation system which will reduce transmission losses.
Fuel cell generators could be installed at load centres
such as hotels and industrial estates where the waste
heat could be made use of for local requirements, thus
enhancing the overall efficiently. These generators could
supplement the existing hydro systems and biomass
systems currently being developed.

The country has enough potential in the medium
term to be self-sufficient in energy resources without
depending on imported fossil fuels, provided the
necessary policies and priorities are in place. Gliricidia
and sweet sorghum grown in marginal land along with
currently sourced biomass and agriculture residue could
meet the entire energy requirement in the domestic,
commercial, industrial and transport sectors except
in diesel substitution. Even this could be met when
technology is developed to produce DME from biomass
which could replace diesel and LPG. In the long term,
other alternative sources including solar, wind and
ocean could be developed to produce hydrogen for use
with new electrical generation and transport systems
operating on fuel cell technology and to meet individual
requirements.
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