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1. Introduction
Hydropower
is
a
well-established
technology that has been producing power
reliably and competitively for over a century
(Ramage, 2004). Approximately 970 GW
of hydropower capacity are operational
globally, more than half of which are
present in five major economies, as shown
in Figure 1 (REN 21, 2012). At the end of
2011, the share of hydropower in the total
electricity production was 15.3%, while
other renewable sources account for only
5% (REN 21, 2012). Globally, the world’s
technical potential for hydropower is put
at 14,000-15,000 TWh per year (Ramage
2004), totaling to approximately 70-74% of
global electricity needs in 2008. In 2011,
the output of hydropower, globally, has
satisfied 3,400 TWh, i.e., 22-24% only.
Therefore major new potential has yet to
be tapped.

In Lebanon, hydropower capacity is
approximately 282 MW, representing
8.7% of total nationally produced power
in Lebanon. This Exchange focuses on
hydropower prospects in Lebanon and
identifies its importance to the future of
Lebanon’s security of supply.

Figure 1. Distribution of existing hydropower
capacity globally (REN 21, 2012)
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2. History of hydropower
Hydropower is the power generated by the use
of flowing water. The first evidence for the use
of a hydropower device is the Water Wheel,
used for irrigation purposes by the Sumerians
of ancient Mesopotamia (southern Iraq) around
5000 - 4000 B.C. The Water Wheel is propelled
by flowing or falling water by means of a set
of paddles, buckets or vanes mounted axially
around its rim. The force of the water moves
the paddles, and the consequent rotation of
BOX 1. Four Types of Water Wheels
The horizontal wheel is usually mounted inside
the mill building below the working floor. A jet of
water is directed on to the paddles of the water
wheel, causing them to turn. This is a simple
system, usually used without gearing so that the
axle of the waterwheel becomes the spindle of
the mill . The maximum efficiency of a horizontal
water wheel is 20%
Under-shot wheels have the water entering
the wheel below its center. These were used
where the head of water was low. The maximum
efficiency (work produced divided by potential
energy in the water) for an undershot wheel is
22%.
Breast-shot vertical wheels are vertically
mounted water wheels that are rotated by falling
water striking buckets near the center of the
wheels’ edges, or just above them. The maximum
efficiency for a breast-shot wheel is 76%.

Overshot vertical wheels have the water entering
the wheel above their center. These were used
where sufficient head of water was available.
The maximum efficiency for an overshot wheel
is 63%.

the wheel is transmitted to machinery via the
shaft of the wheel. There are four basic types
of Water Wheels; (1) the horizontal waterwheel,
(2) the undershot vertical waterwheel, (3) the
breast-shot wheel and the (4) overshot vertical
waterwheel. For simplicity they are simply
known as the horizontal, undershot, breast-shot
and overshot wheels . An illustration of these is
shown in Box 1.

Page 3
Typical examples of the early use of water
wheels are crop irrigation, grinding grains,
drinking water supply to villages and later
to drive sawmills, pumps, forge bellows, tilthammers, trip hammers, and to power textile
mills. Living vestiges of water wheels used in
the Middle East up until the end of the Ottoman
era (in the middle of the 20th century) can
be found in Hama, Syria, and were used for
scooping water from the Orontes River and
depositing this water in the aqueducts for
distribution.

1832-1892; The electric generator
was invented by Michael Faraday in the UK
and Joseph Henry in the US, separately, in
the 1930s. Frenchman, Hippolyte Pixii, built
a hand-driven model of an electric generator
in 1833. Nikola Tesla, in the US, built the first
alternating-current generator in 1892 .
1890; The modern fluid bearing was
invented, now universally used to support
heavy water turbine spindles.
The aforemoentioned inventions constituted the
basis for the development of the hydro energy
sector for many decades. It was only with the
introduction of the advanced electronic control
and protection systems that further significant
improvements to the hydro turbines range of
application and performances were made.

3. Main types of hydropower turbines

Hama Water Wheels still working on the Orontes
River

With the water wheel, hydropower has been
limited only to mechanical power from relatively
low-head and low-flow sources up until the
19th century, where various technological
breakthroughs occurred, opening the era for
more efficient hydro turbines with a wider range
of operation, especially electrical generation
instead of direct mechanical coupling.
There are three main developments that
occurred between the middle of the 18th century
and the end of the 19th century that triggered
the start of the era of electrical hydro power at
the expense of the water wheel. These are, in
brief;
1750-1913;
The
invention
and
development of the first hydro turbines occurred
during this period. From a first model invented
by Segner in 1750 (named the Segner Wheel),
followed by various improved models that lead
to the Francis Turbine in 1849, the Pelton
Turbine in 1879 and finally the Kaplan Turbine
in 1913.

Present day turbines come in a variety of
shapes and sizes, yet the Francis turbines are
the most common types in medium to largescale plants where the head ranges in height
between 2 and 300 meters (Ramage, 2004).
Commonly used turbines are indicated in
Annex 1.

Hydro power size categories and
application chart
The following Table categorizes hydro
generation applications in terms of size &
capacity.
The Turbine Application Chart, shown in Figure
2, summarizes the range of application for each
type of turbine. As it can be seen on the Chart,
in a specific range, there may be one or more
turbine types that can do the job. In such cases,
the choice of the turbine will be governed by
parameters that can differentiate between the
turbine types as the efficiency over the year,
the capital cost or the operating cost.
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Category
Large-hydro
Medium-hydro
Small-hydro
Mini-hydro
Micro-hydro
Pico-hydro

Description
More than 100 MW and usually feeding into high-voltage electricity grid
15 -100 MW - usually feeding into the grid
1 -15 MW - usually feeding into the grid
Above 100 kW yet below 1 MW; either stand-alone schemes or more often
feeding into the grid
From 5 kW up to 100 kW; usually provides power for a small communities in
remote areas away from the grid but may be connected to the grid
From a few hundred watts up to 5kW. Stand-alone or grid connected
Table 1. Nomenclature and description for hydropower capacity

Figure 2. Turbine Application Chart
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Box 2. Conversion Methods (from flow to
power calculation)

4.
Hydropower
potential
prospects in Lebanon

The recovery of potential and kinetic energy
of water is derived from the weight delivered
with a certain flow (Q) which is discharged at a
lower height (H).

Hydrology of the Lebanese Territory

P(kW) = η.ρ.g.Q.H
Where:
ρ= Density of water (1000kg/m3)
g= Acceleration (9.81m/s2)
Q= Discharge @ turbine (m3/s)
H= available “Net” head (m)
η= efficiency of the system (%)

and

Atlantic cyclonic depressions during the winter
season cause heavy rain and snow fall in
Lebanon. During the summer season, the low
pressure prevailing in Egypt and Saudi Arabia
draw air masses which, after crossing the
Mediterranean sea, reach the Lebanese coast
loading moisture rapidly, this being the primary
reason for the absence of precipitation during
summer.

Net Head; Net head is the static head loss for
head loss due to hydraulic flow such as friction
in small and long pipes.
Net Flow; The best indication of Flow is the
flow duration curve which is a plot of unit of flow
vs. the percentage of time that such flow value
may expect to exceed.
The Area under this curve is directly proportional
to the Expected Annual energy production.
For a specific site location, a rule of thumb for
calculating the approximate power that can be
produced by a hydro installation is the following:
P(kW) = 7.Q.H for old hydro installations		
& P(kW) = 8.Q.H for new hydro installations
On the other hand the electrical energy that
can be produced over the year from a hydro
installation is the following:
E (kWh/year) = P(kW) x hours ( of water flow)
The hours of water flow over the year are
usually expressed as a % Capacity Factor.
Typical values for the % Capacity Factor in
Lebanese rivers range from 25% up to 65%.

FIG.1 Seasonal variability of rainfall

The monthly distribution of rainfall is
substantially the same regardless of the
location in the country (coast, mountain, north
or south). As shown in Figure 1, the seasonal
variability of rainfall indicates that 80-85% of
the annual precipitations are observed over 5
months extending from November to March,
which is typical of the Mediterranean climate.
There are 17 major rivers in Lebanon, three
of which have only part of their course in
Lebanon; Nahr El Kebir, the Nahr El Assi
(Orontes) and Nahr El Hasbani. Excluding
these aforementioned three rivers, the most
significant rivers in terms of high blade of runoff
and high specific flow are: the El Bared river,
in particular the Higher Bared, but also Abou
Moussa river and its effluents, the Ibrahim river
and the El Kelb river, and, to a lesser extent,
the Abou Ali, El Jouz, El Dammou, and Awali (in
particular due to the derivation of Litani) rivers.
Figure 2 illustrates common hydrological
patterns experienced by Lebanese rivers. Low
flow periods extend from July to November
and the minimum monthly average flows occur
during the period from July to October. The high
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water period extends from January to May and
the maximum average flows occur primarily
in March and April. The flow distribution is
typical of a Mediterranean climate with a snow
component that explains more sustained flows
in March and April.

different public establishments or concessions.
As most of the units have exceeded their
expected technical lifetime, thereby currently

Hydroelectric unit of Bechare installed in 1924

FIG.2. SEASONAL VARIABILITY OF FLOW
Review of the Current Installed Hydroelectric
Capacity in Lebanon
The current installed capacity of hydropower
plants in Lebanon adds up approximately to 282
MW distributed on various river streams and

producing only part of their nominal capacity
or being completely out of service, the actual
generation capacity is limited to nearly 190
MW.
Table 2 summarizes the hydroelectric installed
capacity distribution among the Lebanese
rivers.

River Stream

Establishment

Litani / Awali
Rivers
Nahr Ibrahim
River

Litani Water Authority

Markabi, Awali,
Joun
Societe Phoenicienne des Chouane,
Forces de Nahr Ibrahim
Yahchouch,
des Eaux et Electrecite
Fitri

1961, 1964, 7
1967
1961, 1955, 8
1951

199

Kadisha
Valley

La Kadisha - Societe
Anonyme d’Electrecite du
Liban Nord

Bechare, Mar
Licha, Blaouza
II, Abu-Ali

1924, 1957, 11
1961, 1932

21

Nahr Al Bared Al Bared Concession

Al Bared 1, Al
Bared 2

1936

5

17

Safa Spring

Richmaya-Safa 1931

3

13

Electricite du Liban

Plant Name

Year of
Installation

Total Installed Capacity in MW
Table 2. Summary Table of Current Hydroelectric Fleet

No. of
Units

MW Installed
Capacity

32

282

Page 7
Most, if not all, of the current hydropower plants
in Lebanon require extensive rehabilitation,
upgrades or complete replacement of the
installed unit(s) in order to optimize their energy
production.
Current Share of Hydro Energy
The current (beginning of 2013) share of
hydropower in Lebanon, in terms of yearly GWh
production, is approximately 8.7%. However,
this percentage is set to decrease to 7.9%
after the rehabilitation works being (and to be)
executed on the current thermal & hydro fleets
are completed, and more so when new power
plants that are envisioned in the Ministry of
Energy and Water (MEW) Policy Paper (2010)
are implemented.
Plant

Zouk
Jieh
Deir
Ammar
Zahrani
Baalbek
Tyr
Hrayche
Total
Thermal
Kadisha
Hydro
Litani
Nahr
Ibrahim
Bared
Richmaya

Net
Current
Rehabilitated
Installed
Yearly
Plant Yearly
Capacity Production Production
MW

GWh

GWh

607
327
450

1,897
1,218
2,977

3,164
1,704
3,275

450
64
72
70
2,040

2,984
166
187
200
9,629

3,283
186
209
364
12,185

21

72

82

199
32

680
92

775
105

17
13
282

Total
Hydro
Total
2,322
Thermal
& Hydro
% of Hydro Energy

54
20
918

62
23
1,047

10,547

13,232

8.70%

7.91%

Table 3. Summary Table of Current Hydroelectric
Energy Share

It is thereby important to foresee the
development of the installed hydroelectric
capacity in Lebanon in view of maintaining
significant share levels in the Lebanese energy
mix and in order to actively contribute in meeting
the 12% renewable energy target by 2020.

Possibilities for Hydroelectric
Development
The possibilities for the development of the
hydroelectric energy share in Lebanon are
numerous and range from the rehabilitation
and upgrade of the existing units, to the
installation of new hydro units on the main
rivers streams and the development of the
micro-hydro potential on small streams, and
non-river sources such as: irrigation storage
reservoirs and related channels, water
distribution networks, electric plants outfalls,
and large waste water treatment plants inlets
and outfalls (see CEDRO publications). There
is also a potential for the development of
pumped storage reservoirs when the time-ofuse (TOU) tariffs will be introduced in order to
allow for a significant differentiation between
off-peak and peak tariffs.

Rehabilitation & Upgrade of Existing
Hydro Plants
Studies conducted by UNDP-CEDRO for the
plants of Kadisha, Jeita-Harache and SafaRichmaya confirmed the technical and financial
feasibility of a rehabilitation/upgrade on most
plants. A brief description of these actions and
expected output follows.

Kadisha Plants
The Kadisha hydro plants are under the
jurisdiction of an old concession named ‘La
Kadisha – Societe D’Electricite du Liban
Nord Tripoli’ that is fully owned by Electricite
Du Liban – EDL, and are among the oldest
in Lebanon constituting about 7.5% of the
installed hydro capacity in the country. Due to
their old age, the Kadisha plants are running at
significantly reduced efficiency levels. Whereas
the technology of the hydro turbine itself did
not evolve much during the last decades, the
improvements in the injectors’ technology,
regulation valves, controls and protection
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systems have been significant & can, in many
cases, enhance the energy production of an old
hydro unit to levels that are close to that of a
new unit of the same size. A study undertaken
by the UNDP-CEDRO project, in coordination
Plant

New units

with the Ministry of Energy and Water, on the
several publically owned-hydro power plants,
suggested that improvements of the plants can
lead to significant capacity increase and power
output, as shown in Table 4.

Upgrading
Current
of existing average
system
MWh/year

Kadisha

New
Average
MWh/year

New 1.8 MW unit
Required
5,904
6,702
possible
Mar Licha New 2 MW unit possible Required
10,924
14,508
Blaouza II
Required
33,352
34,978
Abou Ali I New 3 MW unit possible Required
21,649
42,313
*Assuming conservative $c9.6/kWh as value of electricity (9.4 or 9.6?)

Gain in
power
(%)
13.5%

Annual
value
of gain
(USD)*
75,012

32.8%
5.0%
95.4%

336,896
152,844
1,942,416

Table 4. Possible upgrade and rehabilitation benefits of Kadisha hydropower plant

If we apply a feed in tariff of 9.4 $c/Kwh to the
Kadisha hydro plant, the investment required
to rehabilitate the plants all together will pay
itself within a maximum of 4 years.

Hrache-Jeita HydroPlant
The Hrache-Jeita hydro plant belongs to the
public establishment ‘Eaux de Beyrouth et
Mont Liban – EBML’. It is a small plant that
constitutes less than 0.5% of the installed hydro
capacity in the country, thereby its significance
is mostly limited to the fact that it is a good
example of renewable energy production by a
large energy consumer who can use this hydro
plant to reduce their own energy bill.
The history of the Hrache-Jeita hydro plant
reflects the status of the loopholes contained
in the current legislations of the electrical
energy sector. Hrache-Jeita’s exploitation
started in the 1960s and was based on an
agreement between EBML and EDL that had
to be signed given the legal impediment facing
EBML of transporting the electricity from its
production location at Hrache-Jeita to its point
of consumption at the Dbayeh pumping station.
The exploitation of the plant was stopped in
1995 when the selling tariff of the hydro energy
produced, which was still fixed for many years,
did not cover the operating costs of the plant
anymore.

The old Hrache-Jeita Units

The UNDP-CEDRO have studied the status
of the Hrache-Jeita hydro plant finding that
the existing Electromechanical & Control
equipment as well as the penstock pipe are
obsolete and in need of complete replacement.
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The basic design proposed by UNDP-CEDRO
for the new plant is given in Table 5.
Parameter

Unit

Value

Gross head

m

20.30

Net head

m

19.69

Diameter of
penstock
Length of
penstock
Rated flow

m

2.0

m

102

m³/s

2.33 +4.67 = 7.0

MW

400 + 790 = 1190

rpm

1000

Rated
capacity
Rated speed

Table 5. Basic design recommended by UNDPCEDRO for the Hrache-Jeita hydropower station

The new plant of Hrache-Jeita would be able
to produce approximately 5.4 GWh per annum,
distributed montly as shown in Figure 3.

Figure 3. Hrache-Jeita expected output if put in
operation

If the net metering concept is applied to the
Hrache-Jeita hydro plant considering the same
price for the feed in tariff as the selling tariff,
the investment required to build the new plant
would pay itself within a maximum of 3 years.

Richmaya – Safa Hydro Plant
The Richmaya-Safa hydro plant belongs to
Electrecite Du Liban – EDL and constitutes
around 4.5% of the installed hydro capacity
in Lebanon. The plant has been in service
since 1931 and has suffered from a significant
reduction in the available water discharge due
to the increase in the irrigation water needs in
the area throughout the years (see Box 3 for
the storyline of Richmaya).
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Box 3. The journey of Richmaya hydropower
plant – Shiekh Mohamad Alaya, EDL
In 1928, civil engineering works started for
the construction of one of the oldest facilities
in Lebanon to generate electrical energy, in
Richmaya near the city of Aley. The digging of
the water galleries between Nabeh Al-Safa and
Kfarnice reservoir was done manually with a
length of almost 4.5 kilometers and with a slope
of 4.5 meters.
The reservoir capacity in Kfarnice is around
16,000 cubic meters. In 1932, two units were put
in commercial operation with a power output of
3160 kW for each turbine. In 1956, a third unit
was added with a power output of 6.8 MW to
reach a total power output for the facility of 13
MW and an average generating energy of 41
million kWh annually.
The water head at the entry of the units is about
495 meters with an equivalent pressure of 50
bars/cm2, which is one of the highest pressure
values of hydro power plants in Lebanon.

Richmaya hydropower plant units

The two most important supplied loads of
Richmaya were the Presidential Palace in
Kantari sector and the tramway of Beirut.
The Richmaya project also improved the
economic situation in that period following
the famous famine at the end of the Ottoman
era and following the first world war in 1914,
since the project needed a lot of man power
for the execution to construct the water intake,
the excavations of the water channels, the
reservoir, and laying the heavy steel pipes
to build the penstock and finally the electromechanical works to erect the pelton turbines
and the power house.
Even though hydro power plants are
characterized by the long life of their generating
units exceeding, in the case, that of Richmaya,
the plant has managed more than fifty years of
steady operation due to the careful maintenance
until 1992, when the first unit broke down
and has not been repaired ever since. The
reliability, quick response, low operation
and maintenance costs of hydropower has
encouraged the Ministry of Energy and Water,
EDL, and the UNDP-CEDRO project to carry
a techno-economic feasibility and technical
specification study to rehabilitate the power
plant. In fact, the terms of reference are being
prepared to update and modernize the control
system, repair or replace the damaged unit
and remedy the displacement in the penstock
that has occurred over the years. It is EDL’s
belief that hydropower can regain a lot of lost
ground to its splendor days in the 1970s when
at least 50% of Lebanon’s energy needs where
satisfied by this clean and national resource.
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Construction of New Hydro Plants on
natural rivers
The Ministry of Energy & Water – MoEW, in
collaboration with the consultant SogreahArtelia, prepared a Master Plan Study for the
hydroelectric potential of Lebanon along the
main river streams. The study identified 32 new
sites that have a potential hydroelectric capacity
of 263 MW (1,271 GWh/annum) in run of river
schemes and 368 MW (1,363 GWh/annum) in
peak schemes (i.e., with dam infrastructure).
Please refer to the study for more information.

Hydro-power from non-river sources
The UNDP-CEDRO conducted a micro-hydro
power study on the following non-river streams:
(1) Irrigational Channels and Conveyers;
the hydropower plant has to be designed in a
way to make optimum use of available head
and flow at different irrigation regimes.
(2) Waste water treatment plants inlet and
outfall pipes; There are two possibilities
for using the hydropower potential in such
systems; (1) Install a turbine at the inlet of the
wastewater treatment plant, using untreated
wastewater, and/or (2) use the potential of the
treated wastewater before it is returned into the
receiving water.
(3) Electrical power plants outfall pipes;
large thermal power plants require significant
amounts of cooling water. Cooling water is
normally taken from the sea, pumped to a heat
exchanger, and returned via the outfall pipes
to the sea. The available hydropower potential
depends on the specific situation / topography
at the respective thermal power plant. For
example, a turbine can be installed at the
outlet of the discharge cooling water system at
a thermal power plant.
(4) Drinking water distribution networks;
the primary function of this system is to supply
drinking water to the consumers at a specified
supply pressure. Where there is a need for
pressure reduction, the excess pressure can
be used to drive a hydroelectric turbine.

Thirteen sites nation-wide were selected for
further action based on acceptable technical and
economical evaluations. Their total electrical
power potential amounts to an estimated 5 MW.
More than 50% of the identified hydropower
potential was found in thermal power plants.
Besides having a high energy potential they
require a relatively low investment and thus
have short payback periods. Please refer to
CEDRO publications for more information on
this study (www.cedro-undp.org).

Pumped Storage Possibilities
Pumped storage facilities are increasingly
being recognized world-wide as a valuable
alternative for keeping the electrical grid stable,
flexible and reliable through their dynamic
and rapid response capabilities. The ability to
provide emergency reserves (stand- by hot
reserve generating facility) and ramp up or down
hundreds of MW’s in seconds at a competitive
cost and improved efficiency is unmatched
among intermittent power sources. Pumped
storage relies on the concept of energy trading
by pumping water in off-peak hours using lowtariff thermal energy, and generating in peak
times with golden high-tariffs (value-added).
It is thereby a concept that can be applied in
Lebanon only when the Time of Use (TOU)
tariffs will be introduced.
A study done by Geadah (undated) has
identified and studied 9 main potential sites
for introducing and promoting the pumped –
storage in Lebanon, amounting to a capacity
of over 1100 MW with over 2100 GWh of
annual peak production possible, spread in the
following locations;

•

6 sea-shore schemes along the
Mediterranean cliffs,

•

1 inland scheme interrelated with the
existing Litani – Awali complex of Qaraoun
Reservoir and its 3 hydropower cascades
of installed capacity of 190 MW.

•

1 inland scheme interrelated with a typical
river basin having high potential of surface
water development by dams,

•

1 inland scheme interrelated with perennial
springs and suitable sites for hill lakes.
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BOX 3. Climate change and water use
considerations, Vahakn Kabakian, UNDP
Project Manager, Climate Change Portfolio,
Ministry of Environment.
In order to assess the impacts of climate change
on Lebanon, The PRECIS (Providing Regional
Climates for Impacts Studies) regional climate
model, developed at the Hadley Centre and
based on HadCM3 GCM was applied at a 25
x 25 m horizontal resolution whereby Eastern
Mediterranean and particularly Lebanon are at
the center of the model domain, ensuring optimal
dynamical downscaling. Results indicate that,
by 2040, maximum temperatures are predicted
to increase between 1°C around the coast of
Lebanon and up to 2°C in the mountainous
inland; by 2090 the increases ranges from 3°C
to 5°C, respectively. Significant reductions are
projected for rainfall, which will be more severe
from the coastal to the inland areas, ranging from
-10% to -20% for 2040, reaching -25% to -45%
for 2090. In parallel, the consecutive dry days
(CDD) are projected to increase between 15-21
days, exacerbating the hydrological stress.
The above has a two-fold impact on the energy
sector. From one end, the increase in temperature
will increase pressure on the energy production
system as a result of increased cooling demand
during summer, and, as a result of reduced
precipitation, potential reduction of hydroelectric
power plants are envisaged. Concurrently, the
forecasted 10-20% decrease in precipitation
by 2040, together with the expected increase
in temperatures, which will lead to higher
evapotranspiration, will eventually lead to a
decrease in river flows, which in turn will impact
hydropower generation potential. The availability
of hydropower plants is also expected to decrease
given the forecasted shortening of the winter
season and the increase in the length of drought
periods. By the end of the century, the reduction
in precipitation will be higher in magnitude (2849%), coupled with higher evapotranspiration
rates due to higher temperatures, and thus the
hydropower generation potential will decrease
further.

5. Economics of hydropower
The economics of hydropower are very sitespecific, depending on many characteristic of
the sites involved, the civil works necessary, the
annual flow of water, among other parameters. A
study by IRENA (2012) shows this wide range of
possible economic values (Table 6).
(Discount Installed
rate @
costs
10%)
(USD/
kW)

Large
hydro
Small
hydro

10507650
13008000

Refurbishment/
upgrade

5001000

O&M
Capaci- Leveliscosts
ty factor ed cost
(%/
of electriyear of
city(2010
installed
USD/
costs)
kWh)
2-2.5
25 to 90 0.02-0.19
1-4

20 to 95 0.02-0.27

1-6

0.01-0.05

Table 6. Levelised cost of hydropower (IRENA 2012)

The study on river-sourced hydropower plants
in Lebanon, conducted (as aforementioned) by
the Sogreah (2012) for the Ministry of Energy
and Water, showed that there are economically
viable hydropower plants to be harvested in
Lebanon (labeled level 1 and level 2 in Table
7). The number and associated costs for these
Lebanese power plants are shown in Table 7.

Hydropower from Non-River Sources report to be
published by CEDRO in Q1 2013
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Level 1

Level 2

Minimum Minimum
Selling
Selling
Tariff <
Tariff >
$c8.1/
$c8.1/
kWh
kWh &
< $c12/
kWh

References

Level 3
Minimum
Selling
Tariff >
$c12/kWh

Total

2. Geadah, A. (undated). Introducing Pumped
Storage in Lebanon: Towards a Prospective
National Master Plan, Litani River Authority.

13

12

4

29

Power
(MW)

139

94

17

250

CAPEX
(M$)

273

287

78

638

Production
(GWh)

713

413

68

1,194

Average
cost
($) of
installed
kW

2,070

3,220

4,310

Number
of Sites

1. Amassian, J., 1984. Etude préliminaire sur le
développement hydro-électrique au Liban.

Table 7. Economics and tariffs for hydropower plants
in Lebanon (Sogreah, 2012)

6. Conclusion
Hydropower in Lebanon is as important a
technology as wind and solar power, yet even
more so due to a higher capacity factor and
lower economic costs. Yet hydropower is a
neglected source of energy in Lebanon. The
main existing hydropower plants are in need
of significant investment in rehabilitation and
upgrade in order to function as per their nominal
capacity. Furthermore, new hydropower sites,
with and without storage (dams) are yet to be
tapped in the country, increasing the share
of renewables and increasing consequently
Lebanon’s security of energy supply.
Care must be taken in the future to combine
the implications of climate change on water
use in the country. Proper water management,
specifically conversation(or conservation?),
water storage, and awareness are required in a
future where Lebanon will face less precipitation
and longer dry periods.

3. IRENA 2012. Renewable Energy Technologies
; Cost Analysis Series ; Hydropower, Volume 1
: Power Sector, Issue 3/5.
4. MEW 2010. Policy Paper for the Electricity
Sector, MEW, Beirut.
5. Ramage, J. 2004. Hydroelectricity, in Renewable
Energy; Power for a Sustainable Future, 2nd
Edition, Oxford University Press.
6. REN21, 2012. Renewables 2012; Global Status
Report, Paris, REN 21.
7.
Sogreah,
2012.
Schema
Directeur
Hydroelectrique du Liban, Ministry of Energy
and Water, Beirut, Lebanon.
8. JICA 2003. Study on Water Resources
Management Master Plan on the Republic of
Lebanon .
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Annex 1. Common Types of Hydropower Turbines
Francis Turbine
Power range
Head range
Flow range

Few kW to 1000 MW
From 2 m to 300+ m
From 1 m3/sec till 900 m3/sec

Side-view cutaway of a Francis turbine
The Francis turbine is a type of water turbine that was developed by James B.Francis. It is an
inward-flow reaction turbine that combines radial and axial flow concepts. Francis turbines are
the most common water turbine in use today. Turbines are almost always mounted with the shaft
vertical to keep water away from the generator and also to facilitate access to it. Large Francis
turbines are individually designed for each site to operate at the highest possible efficiency, typically
over 90%. In addition to electrical production, they may also be used for pumped storage, where
a reservoir is filled by the turbine (acting as a pump) during low power demand, and then reversed
and used to generate power during peak demand.

Kaplan Turbine
Power range

Few kW to 100 MW

Head range
Flow range

1 – 80 m
From 1 m3/sec till 900 m3/sec

Kaplan turbine and electrical generator
cut-away view
Viktor Kaplan created the Kaplan turbine, a propeller-type machine, in 1913. It was an evolution
of the Francis turbine but revolutionized the ability to develop low-head hydro sites. The Kaplan
turbine is a Reaction Turbine. Large Kaplan turbines have adjustable runner blades and may
or may not have adjustable guide- vanes. If both blades and guide-vanes are adjustable it is
described as «double-regulated». If the guide-vanes are fixed it is «single-regulated». Unregulated
propeller turbines are used when both flow and head remain practically constant, and are most
common in micro-hydro applications.
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Pelton Turbine
Power range
Head range
Flow range

Less than 200 MW
15 m to 1,800 m
Few liters per minute up to 60
m3/sec

Pelton’s original patent (October 1880)
The Pelton wheel is a water Impulse turbine. It was invented by Lester Allan Pelton in the 1870s.
The Pelton wheel extracts energy from the impulse of moving water, as opposed to its weight like
traditional overshot water wheel. Pelton wheels are the preferred turbine for hydro-power when
the available water source has relatively high hydraulic head at low flow rates. Pelton wheels are
made in all sizes.
Turgo Turbine
Power range
Turgo Turbine cut
view
Head range
Flow range

Less than 6 MW

30 to 300 m
1 m3/sec up to 10 m3/sec

Turgo Turbine cut view
The Turgo turbine is an Impulse turbine, but its buckets are shaped differently and the jet of water
strikes the plane of its runner at an angle of 20°. Water enters the runner through one side of
the runner disk and emerges from the other. The higher runner speed of the Turgo makes direct
coupling of turbine and generator more likely, improving its overall efficiency and decreasing
maintenance cost.
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Cross-Flow turbines
Power range
Less than 1 MW
Head range
4 to 200 m

Cross-flow turbine exploded view
Flow range
20 lit/sec till 10 m3/sec
In a cross-flow turbine the water passes through the turbine transversely, or across the turbine
blades. As with a water wheel, the water is admitted at the turbine’s edge. After passing the runner,
it leaves on the opposite side. Going through the runner twice provides additional efficiency. The
cross-flow turbine is a low-speed machine that is well suited for locations with a low head but
high flow. The cross-flow turbine is of the Impulse type, so the pressure remains constant at the
runner. The Cross-flow turbine has a flat efficiency curve under varying load. With a split runner
and turbine chamber, the turbine maintains its efficiency while the flow and load vary from 1/6 to
the maximum. Since it has a low price, and good regulation, cross-flow turbines are mostly used in
mini and micro hydropower units.
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