
Water & Energy 
The Economic Background 

Water stored at high elevation has po­
tential energy. When the water is al­
lowed to flow down a steep penstock 
or a shaft, the potential energy gets 
converted into kinetic energy. A tur­
bine installed at the end of the 
penstock can convert the kinetic en­
ergy into mechanical energy. This en­
ergy could be used as it is by coupling 
the turbine to a transmission shaft, or 
as electrical energy by coupling the 
turbine to an alternator. Water flow­
ing in a stream also has energy in the 
form of kinetic energy, which could 
be made use of by installing appro­
priate devices such as water wheels. 

Water stored in reservoirs is also used 
for several other purposes such as ir­
rigation, flood control and municipal 
water supplies. Often, a reservoir may 
be a multi-purpose type serving one 
of the above purposes in addition to 
generating energy. The energy pro­
duced in a hydropower plant depends 
on the product of the head and the 
volume of water released down the 
penstocks. The largest power plants 
in the world depend more on a large 
volume of water fed by a large catch­
ment area than on a high head. 

Global Scenario 

The total electrical energy generated 
in the world in 1998 by hydropower 
amounts to 2,643TWh/year (9,515 
PJ/y) (1) (see Box 1). The techni­
cally feasible hydropower potential is 
much more, being about 14,370 
TWh/year (51,732 PJ/year). While 
North America and Europe have ex­
ploited over 40% of the available 
sources, the global average is only 
about 18%. The distribution of these 
among different continents is given 
in Table 1. 

The above total electrical energy pro­
duced from hydropower is only 2.4% 
of the total commercial energy pro­
duced globally in 1998, which is 397.10 
EJ (2). It is however, 20% of the total 
electricity produced globally (3). Of all 
the nations in the world, only 2/3 gen­
erated any hydro-electricity. Almost 
50% of the hydro-electricity generated 
globally in 1998 came from 5 countries; 
Canada, USA, Brazil, China and Russia 
(2). The contribution of hydropower to 
national grid in countries varies from 
zero up to about 99%. These countries 
are vulnerable to power shortages dur-
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ing periods of lean rainfall, as experi­
enced in Sri Lanka in recent times. An 
exception is Norway, which totally de­
pends on hydropower for electricity 
generation from reservoirs, which get 
filled by snow-melt. 

Hydropower Systems in Sri Lanka 

The major hydropower generation in Sri 
Lanka commenced with (he construc­
tion of a 25 MW plant and a pond at 
Norton Bridge in late forties. It provided 
electricity to a larger segment of the 
population through the establishment 
of a national grid. The waters of Kelani 
tributaries, Kehelgamuwa Oya and 
Maskeliya Oya, col­
lected in reservoirs built 
at elevations of 1,077 m 
and 1,200 m, respec­
tively, generate electric­
ity through several 
power plants built over 
several decades. This 
system, known as the 
Laxhapana Complex, 

has 5 power plants operating from 
waters cascading in each river and 
across them. The installed capacities 
and the average energy generated by 
these power plants are given in Table 
2 (4).The last in this cascade, planned 
at Broadlands, is yet to be built. 

Under the Mahaweli Development 
Scheme, which commenced in early 
seventies, six hydro-power plants 
were built for generating electricity 
as well as for regulating water to feed 
an irrigation network supplying wa* 
ter for agriculture. The first was built 
on Kotmale Oya, a tributary of 
Mahaweli, and three were built on 
Mahaweli river downstream of 
Polgolla where water is diverted for 
irrigation.The other two are operat­
ing from the diverted water. Their lo­
cations and other details are given in 
Table 2. Another major hydro-power 
plant was built on the Walawe river. 
These power plants, along with 3 
other small plants, have a total gener­
ating capacity of 1135 M W. 

Table 2 gives the plant factor of each 
plant for 1999, as well as their aver­
age values for previous years.This fac­
tor gives an indication of the percent­
age utilization of the plant during a 
given period. A plant operating at 
maximum installed capacity continu­
ously for 24 hours a day for 365 days 
will have 100% plant factor. It is seen 
from Table 2 that the plant factors for 
1999 have been varying widely from 
as low as 17% to 73%, while the av­
erages for previous years have been 
consistently low, with a maximum at 
57%.There are many reasons for this 
situation.The inadequacy of water to 
run the plants at full capacity, the low 
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Table 1: Distribution of Hydro Power in the World (1998) 

Continent Hydropower Hydropower 
Potential Production 
TWh/year TWhfyear 

Asia 6,800 753 
Africa 1.750 62 
Europe 1.225 552 
North & Central America 1,660 700 
South America 2,665 534 
Australia & Pacific 270 42 
World 14,370 2,643 

Source: Report of the World Commission of Dams, 2000 (1) 
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Table 2 — Major Hydropower Plants 

Power Plant Installed Capacity 1999 Energy Plant Factor Average Annual 
MW Generation GWhfy In 1999 % Plant Factor % 

Uxhapana Complex 335 1,663.0 56.7 41.2 
Canyon 60 179.4 34.1 22.8 
Wimalasurendra SO 104.3 23.8 24.3 
Old Lakshapana SO 271.5 62.0 55.1 
NewLakshapana 100 626.8 71.5 47.3 
Polpitiya 75 481.0 73.2 56.7 

Mahawell Complex 660 2,114.9 36.6 32.4 
Victoria 210 841.7 45.8 34.2 
Kotnale 201 454.0 25.8 26.1 
Randenigala 122 361.8 35.7 31.7 
Rantambe 49 191.9 44.7 42.5 
Ukuwela 36 185.9 55.8 48.0 
Bowatenna 40 59.5 17.0 11.6 

Walawe 120 320.0 30.4 14.5 
SamanalawBwa 120 320.0 30.4 14.5 

Small Hydra 20 54.1 30.6 21.4 
Inginiyagala 11 34.3 35.6 22.7 
Uda Walawe 6 10.0 19.0 2.5 
Nilambe 3 9.8 37.3 38.9 

Total 1,135 4,152.0 

Source: Sri Lanka Energy Balance 1999 (4) 

Table 3 - Variation of the overall plant factor during 1988 -1998 

Year 88 89 90 91 92 93 94 95 96 97 98 
MW 938 968 1017 1017 1137 1137 1137 1137 1137 1137 1137 
GWhfy 2597 2858 3145 3166 2900 3796 4089 4514 3249 3443 3909 
PF% 31.6 33.7 35.3 35.5 29.1 38.1 41.0 45.3 32.6 34.6 39.2 
Hydro % 92.8 98.0 90.8 92.3 81.9 95.4 93.2 94.0 71.8 67.0 68.9 

Source: CEB 1988-1998 (5) 

demand requiring reduced output 
and shut down for maintenance are 
some of these factors. It is seen from 
this table that the plants in the 
Laxhapana Complex have been op­
erating at higher plant factors than 
those in the Mahaweli Complex. The 
former has been built solely for power 
generation, whereas the latter is a 
multi-purpose system requiring part 
of the available water to be released 
for irrigation, which could also con­
tribute to this disparity. 

Table 3 gives the plant factors for the 
entire hydro system over the period 
from 1988 to 1998 (5).These values 
vary from a minimum of 29.1 % 
(1992) to a maximum of +5.3% 
(1995), with an average of 36.0%. 
These give the year-to-year variation 
in the availability of hydropower. The 

impact of extended power shedding en­
forced in 1996 due to the prevailing 
drought is reflected in the sudden drop 
of the plant factor from 45.3% in 1995 
to 32.6% in 1996. The continued low 
value beyond 1997 compared to that 
during 1994-95 period could be due to 
the fact more thermal power plants 
came into operation. The values in the 
last row under Hydro% gives the per­
centage electricity generated from hy­
dro plants with the balance coming from 
the thermal plants. While the long term 
performance of the hydro plants has 
been below 50%, during the design 
stages, plant factors of about 75% had 
been forecasted (6). Though two plants 
achieved values close to this figure in 
1999, their long-term values were again 
only slightly above 50%. Such high plant 
factors assumed would have shown an 
enhanced (unrealistic) viability of the 
project during the feasibility studies. 

The hydropower component in the 
overall primary energy supply in the 
country has been worked out as 12% 
(4), but this is an overestimate (see 
Box 2). When the hydroelectricity is 
converted into the common account­
ing unit of Joule according to inter­
national practice, this component will 
contribute only 5%, with the other 
two supplies, petroleum and biom-
ass contributing 40% and 55%, re­
spectively. 

Plants under Construction and Planned 

Currently, a 70 MW hydropower 
plant is being constructed at: Kukule 
River. It is more a run-of-the-river 
project with a rather small reservoir. 
Originally, it was planned to have a 
high dam with a large reservoir with 
provision to divert water through a 
trans-basin canal to the South East­
ern region for irrigation. In another 
project to be carried out at Upper 
Kotmale Oya, work got delayed due 
to planners not considering options 
available to minimize environmental 
impacts, and subsequent protests 
from the public. This is a rather com­
plex project, where water from six 
streams are collected through tunnels 
at a common underground point and 
then taken to an underground power­
house along an underground pressure 
tunnel. Detailed design work is being 
undertaken only now. Their installed 
capacities, energy generation fore­
casted and the expected plant factors 
are given in Table 4 (7,8). 

A study made in the 80s found that 
the country has a total hydropower 
potential of another 1000 MW ap­
proximately (9).These included both 
large and small (<10 MW) capacity 
plants. Out of these, four have been 
included in the CEB's current Long 
Term Generation Expansion Plan 
1999-2013 (LTGE Plan) (8), and 
their details are given in Table 4. 

The Master Plan referred to above has 
identified several more sites for de­
veloping medium size hydropower 
plants of capacity 10-40 MW, with 
minimum inundation of land and re­
settlement of people. In view of the 
current shortage of generation capac-
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Power and Energy 
Power and Energy an two terms, which an often used loosely In connection 
with energy. But, they have specific meanings. Energy Is equivalent to work 
performed and is measured in Joules (J), whether electrical, mechanical or heat 
energy. The rate at which work Is performed is referred to as Power, and Is 
measured In Joules per Second or Watts (W). Sometimes, for convenience, en­
ergy Is expressed as a product of Watts and hours, or Watt.hours. The unit of 
olerttalenorgycoimmedlsgonerallyexpressedasldW 
b equivalent to 3.6 MWs or 3.6 MJ. Power plants are rated by their maximum 
power generating capacity expressed In fJM. The hear energyis also expressedIn 
Calories, where 1 Calorle=4.184J. The SI system prefixes used here are: Mega 
(M)= 1V,Giga(G)=10>, Tera(l)°10", Peta(P)= Wand Exa{E]= 10". 

ity, it is suggested that detailed studies 
including environmental impacts be 
undertaken for their early implemen­
tation. According to the power sec­
tor policy directions of the Ministry 
of Irrigation and Power, the develop­
ment of large hydro systems will re­
main under the Government, while 
the mini systems will be developed 
by the private sector (10). However, 
in view of the urgency of the matter 
and the inadequacy of the Govern­
ment mechanism to undertake these 
projects early, it is suggested that the 
Ministry policy be reviewed to allow 
the private sector to develop these 
midi-hydro plants too. 

Small Hydro Plants 

During the late 18* and early 19* cen­
tury, the estate plantations made use 
of water energy to run their factories 
by directly coupling the water wheel 
to the factory transmission shaft, 
which drove all the machines. These 
systems continued to drive the fac-

Table 4. Hydro-power plants under construction and 
identified for future development 

Site Capacity 
MW 

Forecasted 
Generation 

GWh/y 

Plant Factor 
% 

Unit Cost 
Rs/kWh 

Kukule 70 306 50 
Upper Kotmale 150 536 41 
Gin Ganga 49 209 49 3.86 
Broadlands 40 145 41 5.11 
Uma Oya 
Moragolla 

150 456 35 5.66 Uma Oya 
Moragolla 27 110 46 5.72 

Source: CEB, 1996,1999 

tory machinery until the national grid 
supply was given to them. It was re­
ported that by the end of the first half of 
the last century, the country had over 
500 such water driven systems, which 
were later abandoned (11). With the es­
calation of the cost of grid electricity, 
some of these plants have been reha­
bilitated and currently, about 60 such 
micro-hydro plants are in operation 
mainly in tea plantations. 

The Government recently made a 
policy decision to permit the private 
sector to participate in the energy gen­
eration process by building small hy­
dropower plants of capacity below 10 
MW. Both off-grid and grid-connected 
plants are being developed by the pri­
vate sector. Already 10 such plants have 
been completed and connected to the 
grid with a total capacity of 6 MW (11). 
More than 40 other plants with capac­
ity of about 95 MW have been ap­
proved. In addition, more than 100 mi­
cro hydro plants, each having capacities 
in the range from a few tens of kilo­

watts to a few 
hundreds of 
kilowatts, have 
been built in re­
mote hilly areas 
as stand alone 
units supplying 
power to more 
than 3,000 
households. Fi­
nancial assis­
tance for the de­
velopment of 

these small hydropower plants is 
available through local development 
banks from a grant given by the Glo­
bal Environment Facility. 

Cost of Hydropower 

It is generally believed that hydro-
power is a cheap source of energy as 
the fuel, which is water, is available 
free of charge. However, the utiliza­
tion of this source of energy requires 
building of high dams to create large 
reservoirs, long tunneling and other 
infrastructure facilities such as road­
ways. All these need high capital in­
vestments, which have to be raised 
through loans. When the cost of fi­
nancing the project is included, the 
unit cost of electricity produced from 
hydropower becomes comparable or 
even more than that produced from 
other sources of energy. For example, 
the Ceylon Electricity Board has esti­
mated the unit cost of electricity pro­
duced from the proposed hydro-
power plants to be in the range Rs. 
3.9 - 5.7, while that for thermal 
power plants to be in the range Rs. 
2 . 4 - 5 . 0 (8). 

These estimates of life cycle costing, 
however, depend on various assump­
tions including discounting rates, 
which are subject to many uncertain­
ties, and may not be valid when long-
term benefits are considered (12). 
Most of the plants in the Laxhapana 
Complex are now over 25 years old, 
and their capital investment may have 
already been recovered. Under such 
situations, the cost of production will 
include only die cost of routine op­
eration and maintenance and occa­
sional overhauling. As such, a unit of 
electricity generated should cost 
much less. 

Environmental Considerations 

The building of hydropower reser­
voirs affects the environment ad­
versely. The large reservoirs inundate 
large extents of fertile agricultural 
land and forests, displace households 
and other settlements, interfere with 
the aquatic life in the river, increase 
the incidence of vector borne dis­
eases, affect the ecology and micro-
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climate of the surrounding area and 
cause other environmental impacts 
such as leakages due to poor geology 
of the area. These impacts could be 
mitigated by avoiding building of large 
reservoirs and instead making use of 
the normal flow of the waterway to 
drive the turbines, known as run-of-
the-river systems. This is however 
possible where the flow is more or 
less uniform throughout the year. 
Large hydropower plants also emit 
methane, which is a greenhouse gas, 
but the quantities are negligible com­
pared to emissions from thermal 
plants (13). 

concern for the protection of the envi­
ronment was absent at that time. 

The construction of large projects with­
out carrying out detailed studies of the 
geology of the area necessitated payment 
of heavy penalties as happened in the 
Lower Kotmale and Samanalawewa 
projects. In the Kotmale project, the 
pressure tunnel developed a leak after 
it was commissioned, and the entire 
length of the tunnel had to be lined with 
steel, at great cost, to arrest the leak. 
The Samanalawewa project also devel­
oped a leak underneath the dam when 
the reservoir was being impounded. Af-

Conversion to a Common Unit of Energy 
ThoaanuntingioftiietotalenergycQrisum 

valuorahditoMng the products to Jou^^^ 
/flfte case ofnyoTo^fecftteJty the annual generation Is expressriJnGWh. It Is 
converted to Joutos,:uslngthe relationship?! GWh=3,6W0:Thklsthepra^e^ 
adoptodbydl International agencies-tioww 
converted to Joules on thebasis ofdMheatmergy&'Mlconsumeil^mih^tt^ 
ptantgeneratingthesameamountofeleciriclfyi with 35%conversion efficiency. The 

is adopted. The ECF conversion ratobmmes invalid when the system includes new 

It is important to identify environ­
mental and social problems that could 
arise when large hydro projects are 
undertaken, and to incorporate miti­
gatory measures into the designs.The 
present environmental laws require 
both small and large hydro plants to 
be subject to Environmental Impact 
Assessment process with public par­
ticipation. However, at the time of de­
velopment of Laxhapana and 
Mahaweli complexes, such regula­
tions were not in place, and work was 
commenced disregarding any dam­
ages to the environment. The 
Laxhapana Complex resulted in the 
two waterfalls, Laxhapana and Aber­
deen being deprived of water for most 
parts of the year, but no one protested 
unlike in the case of the Upper 
Kotmale project. Perhaps the public 

ter many trials, the reservoir bed had to 
be lined with a layer of special soil, again 
at great cost, to bring the leak under con­
trol. 

Among the proposed new hydro 
projects, at least two, viz. Uma Oya and 
Gin Ganga, are likely to have adverse 
impacts on the environment as well as 
conflicts with other users of water. The 
waters of Uma Oya feed the down­
stream reservoirs of Mahaweli and meet 
irrigation needs of the Mahaweli farm­
ers. If diverted to the South, the project 
can generate electricity and also aug­
ment the water needs of Ruhuna farm­
ers, but it will deprive water to Mahaweli 
farmers as well as to Uva farmers living 
below the diversion point. Since the wa­
ters of Uma Oya are also limited, a deci­
sion on this project has to be taken after 

careful consideration of all factors in­
volved, and not just the energy needs. 
Similarly, the Gin Ganga project also 
needs careful consideration as it is lo­
cated close to the Sinharaja Forest 
with a highly sensitive ecosystem. It 
is essential that a detailed environment 
and social impact assessment be un­
dertaken for these two plants with the 
available information, before pro­
ceeding with the detailed designs. In 
both cases, the current CEB Long 
Term Expansion Generation Plan (8) 
gives adequate information to initiate 
a dialogue with the affected parties. 

The multi-purpose nature of the 
projects and the demand for water 
from the same sources for electricity 
as well as for agriculture, calls for the 
establishment of a high-level decision 
making authority for the allocation of 
water to different users. A mechanism 
should be put in place to compensate 
the farmers for loss of their produc­
tion when water in multi-purpose 
schemes is diverted to produce elec­
tricity to meet the needs of the indus­
try and the affluent. 
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