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I. INTRODUCTION

The increasing population of the world, coupled with the rising
expectations for a better Tife in the less developed countries and their
desperate struggles for improvement, makes continuing economic development
essential. This, in turn, requires adequate sources of energy. At present
the world is dependent upon finite oil and natural gas resources for about
three-fourths of its energy use. O0il provides about one-half of this use.
While there are many uncertainties, the more reliable projections, such as
those of the World Energy Conference Conservation Commission, indicate
that the demand for 0il will exceed the physical worldwide capability of
production in about 10 years (see Figure 1). This makes the development
and utilization of all other energy resources of paramount worldwide
importance and requires immediate action. This is especially true of renew-

able energy resources such as hydropower.

As a continually renewable nonpolluting energy resource, with well
developed and proven technology, hydropower is especially important in
meeting energy needs in all areas of the world. It now provides approxi-
mately 23 percent of the electrical energy now being produced worldwide
(see Figure 2). Studies indicate there is at least six times as much
hydropower feasible for development as now being utilized. The studies
indicate about 80 percent of this potential is Tikely to be developed by
the year 2020. It has special importance and value in the less developed

countries.
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Figure 1. Potential 0il Production Compared to Demand -

Worldwide - 1970-2030. (From data of World
Energy Conference Conservation Commission
studies. The potential oil supply is the
estimated total worldwide physical capability

of producing oil without political constraints.

The demand curve is that considered most
likely to occur, providing there is political
stability; nuclear and coal-fired plants con-
struction proceed as now planned; energy
efficienty will be increased and conservation
measures taken to the extent that the economy
is not adversely affected; and other energy
resources will be pushed. Caution: there are
uncertainties and unknowns; note that the
present demand is above the projection).
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Figure 2. Worldwide Electricity Generating Capacity
Showing the Amount Provided by Hydropower.
(From Reference 2).

The issues, benefits, and problems are discussed in the following
pages, along with suggested methodologies to expedite the full utilization

of this important energy resource.

II. HYDROPOWER POTENTIAL

1. History. The mechanical utilization of hydropower appears to
have developed about 1500 BC, primarily for rasing water to a higher level.
A primitive waterwheel appeared about 200 BC as a supplement and replace-

ment for the muscle power of man and animals. By 1000 AD water powered



grist mills were common; in 1086 AD it is recorded that there were
5,624 water mills, utilized primarily for grinding grain,serving 3,000

communities in southeastern England.

Water pbwer use as the source of energy, other than muscle power
and wind, brought about industrialization and the advance of civilization.
It was not until the forepart of the 19th Century that the steam engine began
to provide another source of energy. With the advent of electricity in the
1880's, the importance of hydropower increased, even though steam power had

overtaken it in the amount of energy produced.

With development of efficient electric generation and improved tech-
nology of transmission, by 1910 the development of hydropower electric
facilities was rapid and by 1925 provided 40 percent of the electricity
produced with an installed capacity of 26,400 megawatts. By 1970 the amount

of hydropower produced increased 15-fold over the 1925 production.

2. MWEC Studies. The World Energy Conference, which now includes 76
nations, was organized in 1924 (initially called the World Power Conference),
and has continually taken an active role in providing information on world
energy resources and use. The first comprehensive study was published in

1929, entitled Power Resources of the World, Potential and Developed, and has

been periodically updated and improved since.

In 1974, in preparation for the World Energy Conference Convocation
in Detroit, Michigan, an extensive and intensive effort was made to reevaluate
previous studies, and improve the information to make it as meaningful and

useful as possible. It was a formidable task, but it provided the most



comprehensive and complete analysis to date of the world's energy resources
and use.] It was updated in 1976 and 1978 with some refinements, and prepar-

ation of the next comprehensive survey, World Energy Conference Survey of

Energy Resources which is published every six years, is now underway and

will be available for the World Energy Conference Convocation in Munich,

Germany in September, 1980.

By agreement with the United Nations, since 1958 the World Energy
Conference has become the primary source of information on world energy
resources and the United Nations has continually provided data on world energy

production, trade, and consumption.

Deeply concerned over the conflicting information, concepts, and data
regarding energy, its use and the need for responsible programs for the
future, the World Energy Conference formally launched its Conservation
Commission Study in 1975. The charge was to determine the energy resources
of the world as objectively and factually as possible, using the 1974 publi-
cation as a base with appropriate updating and refining; investigate ways
improvements in development and utilization of these resources could be
accomplished; assess possibilities of substituting other energy resources
for 0il; evaluate the probably extent conservation measures could reduce
energy demands; and then to determine the most likely energy needs of the year
2020 and ways they could be met. The Conservation Commission, including the
study reviewers, totaled 80 members, and in addition large task forces were

formulated in the areas of o0il, coal, natural gas, nuclear, hydraulic, and
unconventional (such as solar, biomass, wind, geothermal) resources, and in
conservation and energy demands. These various groups included experts

considered the most knowledgeable in the world.
1

Refer to 1ist of references.
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The studies have now been completed and the results pub]ished.2’3’4

These studies provide the most fully comprehensive, objective, authoratative
analysis of the world's energy resources and the demands for the next four
decades. The author headed the study group on hydraulic resources. The
following information and comments are based on these studies and the author's
40 years of involvement in various studies, planning, design, development,

and utilization of hydropower energy resources.

3. Summaries of Potential. The Conservation Commission studies indicate

there is a total potential from hydropower Tikely to be developed of 2.2
million megawatts of generating capacity with a potential annual energy pro-
duction of 34.9 million terrajoules (9,700 million megawatt hours). These
figures were determined from the capacities at the various sites on a river
now installed and those which Tikely will be installed to utilize the energy.
To produce this amount of energy would require the burning of an equivalent
of about 40 million barrels of crude oil per day in an oil-fired thermal
generating plant. This total potential is probably conservative; the
increasing comparative economic and environmental advantages of hydropower

are likely to increase the totals.

The present annual production of hydropower electricity is about 5.7
million terrajoules (1,550 million megawatt hours), which is approximately
16 percent of the Conservation Commission's estimated expected potential. To
produce the same amount of electricity in an oil-fired plant as now being
produced by hydropower, would require burning the equivalent of approximately

6.5 million barrels of crude oil per day.



Figure 3 illustrates the percentages of the world's total hydropower poten-
tial in the developing countries, in the Organization for Economic Cooperation &
Development countries (Western Europe, North America, Japan, Australia and
New Zealand) and for the centrally planned countries. It also shows the
percentage of the potential in each of these areas that is now operating,
that under construction, and the amount that has been programmed for construc-
tion. Figure 4 shows the same information broken down for Asia, South America,
Africa, North America, USSR, Europe, and Oceania. These data are from the
1976 World Energy Conference survey of energy resources, and can be considered
to fairly show the relative magnitude of hydropower resources in the various
areas.

For convenient reference, detailed information from the World Energy

Conference Survey of Energy Resources - 1974 are included in the Appendix.

Page 1 of the Appendix is a summary of various areas of the world, and the
following pages are details of each country, some broken down by river basins.
The notes give details regarding the sources of the information in the tables.
The estimated amount of hydropower development from Reference 3 is as
shown in Table I. Based on an estimated cost of 1,000 U.S. dollars per kilo-
watt installed, and with a capacity factor of 0.50, the capital investment
required is indicated in Table II. It is evident that financing assistance to
the developing nations will be required. Markets for the’1arge potential in
some of the developing countries may be slow in materializing, as they
require large capital investments also. The increasing value of hydropower
to the world economy may help alleviate these problems. For example, the
43,000 megawatts of hydropower potential in the lower Congo River in Africa
may attract high energy intensive industry to locate plants where the Tow cost
and available energy can be utilized.

7
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TABLE I
ESTIMATED PROBABLE HYDROELECTRIC DEVELOPMENT

Potential Energy in Thousands of Terrajoules (TJ)

Divisions Year Year Year Year Total Developable
1976 1985 2000 2020 from 1976 WEC Survey

QECD
Countries 3,776 4,493 5,369 7,800 8,214

Centrally
Planned
Economies 719 1,200 2,880 8,700 9,990

Developing
Countries 1,172 1,973 4,490 11,800 16,717

World
Total 5,667 7,666 12,739 28,300 34,921

The figures shown are the probable annual average energy from
installed hydroelectric facilities for the year indicated.

TABLE II

ESTIMATED CAPITAL COSTS OF HYDROELECTRIC INSTALLATIONS
BASED ON TABLE I

Average Annual Costs Between Years Shown --
Divisions 1976 U.S. Dollars in Billions
1976-1985 1985-2000 2000-2020 1976-2020

OECD
Countries 5.05 3.70 7.71 5.80

Centrally
Planned
Economies 3.39 7.10 18.45 11.50

Developing
Countries 5.64 10.64 23.17 15.31

World
Total 14.08 21.44 49,33 32.61
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4. Hydropower Advantages. While the amount of energy produced from

hydropower and the potential are impressive, it is of greater relative
importance, compared to other sources of energy, for the following reasons:
1. It is a non-consumptive generator of energy, utilizing a clean

resource, continually renewable by the energy of the sun which
creates and sustains the hydrological cycle.

2. It is essentially non-polluting and no heat is released.

3. The generation of hydropower requires some type of water control,
ranging up to full control of the discharge from a watershed,
thus it is an important part of the multipurpose utilization of
water resources and reduces the potential of destruction from
floods. Water out of control is mankinds most destructive force.
With storage facilities, floodwaters are retained and better
utilized for food production; for river regulation, improving
navigation, fish and wildlife, and recreational potential; for
municipal use and better control of wastewaters; and the destruc-
tive force of flood flows, as well as the energy of normal flows,
is harnessed to provide electrical energy for man's use.

4, It is a reliable energy source within the hydrological Timitations
of the site. The relative simplicity of hydraulic machinery makes
energy instantly available as needed. As no heat is involved,
equipment has a long life, and malfunctioning is rare.

5. It can be made available in small installations at remote areas
of developing countries with relatively simple technology, and can
be a catalyst in developing other resources and creating oppor-
tunities for improving human conditions, as has been demonstrated
in the past.

6. Its reliability and flexibility of operation, including fast startup
and shutdown time in response to rapid changes in demand, makes
it an especially valuable part of a large electrical system, increas-
ing the overall economy, efficiency, and reliability of the entire
system.

7. It has excellent peaking power capability, for the reasons
outlined above. Storage of energy by pumped storage systems is the
most economical and trouble-free method available to date for large
scale use. While about four units of energy input is required for
three units of output, the input is low-cost energy and the output
is high value energy meeting peak loads. Even so, in a large
electrical system, the alternative for peak loads may be the utili-
zation of old and relatively inefficient thermal units; in these
instances the use of pump storage can result in overall savings of
energy. In flat topography areas, all-underground pumped storage
facilities have potential.

11




8. Its technology is well developed and proven, with efficiencies of
turbines now as high as 95%. Units ranging from a few kilowatts
up to 700,000 kilowatts are in operation, and while the equip-
ment must be adapted to the specific site for greatest efficiency,
full reliance can be placed on performance expectations.

9. In the more developed countries, potential exists at present
powerhouses and at dams without hydro installations for hydro
production with minimum capital or energy costs. Also improve-
ments in turbine and generator efficiency makes upgrading of many
present equipment installations especially attractive. Changes
in river basin hydrology also may create greater hydropower potential
on existing structures.

10. Hydropower facilities have a long life; dams and control works
will generally perform for a century or more with 1ittle mainten-
ance required.

11. As no fuel is required, and heat is not involved, operating costs
are Tow for hydropower. Because of this and the long life of the
facilities, a hydropower installation is essentially inflation-

proof.

12. Hydropower development makes maximum use of local materials and
labor, compared to heat-power facilities, and thus usually is much
more appropriate in developing country programs.

13. A vast quantity of hydropower remains to be utilized, especially
in the developing countries, which on the average have developed
less than 7% of their potential; in some countries it is less
than 2%.

14. The economic feasibility of hydropower is improving, compared to
other energy sources which use finite fuels. With more realistic
methodology of economic evaluation, including full recognition
of the value of non-use of depletable resources; of not being
dependent upon fuel resources controlled by others; and of a
non-polluting generator of energy; hydropower becomes increasingly
attractive.

5. Issues. While the preceding information presents reliable general-
ized information, hydropower is a site specific energy resource. The physical
potential in each instance will depend upon the topography to produce the head,
whether by diversion and conveyance of the streamfiow, or a dam to provide
storage and head; and upon the volume of streamflow and its time occurrence.
The geology of the site may preclude its utilization; it will affect the costs.

12



Economic viability will depend upon the costs and the availability of a

market to use the energy, either existing or which will develop or can be

made to develop. Social viability will involve the acceptance of the environ-
mental effects, disruptions of'existing social relationships, and of future
impacts. The information supplied by the various countries, and developed from
other sources, for the WEC survey represents that considered likely to be

developed with the above considerations.

The data should provide a guide for determining where hydropower
development efforts of the United Nations would be most effective, consider-
ing the energy needs in the various areas. However, the amount of small scale
hydropower potential, which in each instance may be a relatively small quantity,
but which may be very important in a local area, especially in the developing
countries, may not be reflected in these data. These problems should be

examined by the panel.

IIT. HYDROPOWER TECHNOLOGY STATUS

The technical factors determining developable hydropower involves
hydrology, topography, and geology of the site, and technology of hydraulic
control structures, hydraulic equipment, electrical equipment, and electrical
transmission distribution facilities. The present status of the available
technology and the present information available are discussed in the following

paragraphs:

1. Hydrology. Generally adequate hydrology information is available
worldwide for reconnaisance type studies, defined as the studies required to

determine if feasibility studies to determine investment commitments are

13



justified. Sophisticated computer programs concerning precipitation, drainage
area characteristics and runoff relationships have been developed so that
shortcomings in streamflow data can be rectified. In most instances it is
believed this can be the case for feasibility studies also. Methodologies

for determining flow duration curves are well advanced. However, the Panel
should review the adequacy of the existing stream gaging networks and data
records, and the methodologies of formulating synthetic records to fill in
gaps.

Procedures for utilizing basic hydrology data to determine the full
range of information needed to determine hydropower development are well
developed and documented. Computer programs for most of the procedures have
been formulated. These include flood flow frequencies, storage and pondage
requirements, and operational programs for entire river basins involving

multipurpose uses of water.

2. Topography. With today's aerial mapping technology and widespread
application, reconnaisance level studies at least can be adequately made
from existing maps in most areas of the world. Detailed studies, especially
those for design preparation, will generally require more detailed mapping.
The Panel should determine whose mapbing deficiencies exist, particularly
in areas of the world where large hydropower potential remains to be

developed.

3. Geology. Information concerning the foundation upon which required
structures will be built is essential, as well as data concerning earth and
rock materials available for building the structures. While a large amount
of geological information is available concerning most areas of the world,

site evaluations will usually require a site inspection, as a minimum, up to

14



detailed subsurface investigations for design purposes. Technology of
subsurface investigations is well advanced, as is that of determining

characteristics of earth and rock materials.

4. Hydraulic Control Structures. The design and construction of

hydraulic control structures are well advanced and methodologies tested and
proven. Many excellent reference textbooks and guide manuals are available.
Several which the author considers especially valuable are included in the

reference 1ist.5’6’7’8

Attention must continually be given to maximizing the performance of
the structures with assured safety and minimum costs. The Panel should
examine areas where structures might be simplified for cost reduction, especi-
ally in the small scale developments. Potentials of standardized and
prefabricated components of the structures should also be examined. Factors

of safety applied to different size dams should be considered.

The size of the maximum flood the reservoir and the spillway should
be designed to handle is a problem warranting continuing discussion. It is
a function of the maximum possible flood which conceivably couid occur, the
probability of its occurrence, frequency of other floods, and the damage

which could occur if the structures were overtopped.

Large hydraulic structures, such as spillway stilling basins, or large
conduits where high velocities are involved, require extensive model testing

to improve and check design studies.

5. Hydraulic Equipment. As was mentioned in the list of advantages

of hydropower, equipment from a few kilowatts in size up to 700,000 kilowatts
are in operation and their performance has been well demonstrated and proven.

15



In some instances, such as in developing countries with 1ittle technology
support, mechanical utilization of hydropower may be desirable. Reevaluation
of past technology of waterwheels and vertical axis river turbines need to be
exaﬁn’ned to determine whether or not they should be considered in these special

instances as compared to more efficient turbines.

Figure 5 illustrates the common application ranges for use of conven-
tional hydraulic turbines for best efficiency. Note that the impulse turbines
(Pelton) is best for high heads; then the mixed flow scroll case impulse turbines
(Francis) in the intermediate head range; the scroll case axial flow propeller
in the lower range (the Kaplan is a propeller turbine with adjustable blades)

and the straight axial flow units (tubular) in the lowest range. The small
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Figure 5. Common Application Ranges for Conventional Hydraulic Turbines
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scale units lend themselves to standardized design and the range of the ten

standard sized Allis-Chalmers units is also shown on the illustrations.

Figures 6 and 7 show various types of low head turbines and various
types of configurations. Standardized equipment of various types has been
developed in Europe, such as the units of Bofors-Nohob in Sweden, Escher Wyss
in Switzerland and Neyrpic in France. Besides the standard Allis-Chalmers
units, standardized package units of smaller size, 3 kilowatts and larger,
are provided by Independent Power Developers, Northern Water Power Company,
and James Leffel Company in the United States and Barker Hydraulic Turbine Ltd.

in Canada.

Perhaps the greatest experience with low scale hydropower equipment is
in China, where 88,000 hydroelectric plants have been constructed the last
two decades with an average capacity of about 70 kilowatts. Figure 8 lists
the characteristics of the 16 standardized turbine generator sets of capacities
from 12 to 500 kilowatts, offered for export by the Chinese National Machinery

and Equipment Export Corporation.

Detailed studies are required to determine the best type and size of
turbine unit for the specific site. With small scale projects there is need to

minimize initial costs, especially for micro units (less than 100 kilowatts).

Various equipment performance and cost data are available from manufacturers
but are widely scattered and there is a need for compilations and a central-
jzed source of information. The Panel should consider preparing a compilation
of the standardized units available along with their characteristics and the

conditions to which they are best suited. Also studies should be made of ways

17
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Turbine Generator
ftem Speed Voltage
2 Type Model Head |:Iow Capacity of Generator (rom) (v)
™) (m?/ sec) (kW) SOHz | 60Hz | 50Hz | 60Hz
| . ZD760-LM~60 2~6 | 0.80~1.80| 18, 30. 40, 55. 75 | 1000 | 1200 | 400 | 460
; Q.
& = 30, 40, 55 1000 | 1200 | 400 | 460
2 | 5 § ZD760-LM-80 2~6 | 1,40~3.50
%3 75, 100, 125 750 | 900 | 400! 460
I
3 = GD560-WZ -60 814 | 0.90~2.20 |40.55.75,100,125,160,200 750 (;%8) 400 | 460
4 HL210-WG-20 6~I15 | 0,12~0.19 12, 18 1000 | 1200 | 400 | 460
5 HL310-WG-30 6~18 | 0.32~.0,53 18, 30, 40, 55 1000 | 1200 | 400 | 460
55 .75 750 | 900 | 400 | 460
6 HL260-W 35 10~25 | 0.50~0.80
100, 125 (000 | 1200 | 400 | 460
75. 100, 125, 160 750 | 900 | 400 | 460
7 HL260-W }-42 8~25 | 0.65~1.15
200 1000 | 1200 | 400 | 460
g 100, 125 750 | 900 | 400 | 460
8 £ HLI10-W/J-42 30~.80 | 0,36~0.59
c 160, 200, 250, 320 | 1000 | 1200 | 400 | 460
5
g 125, 160, 200 600 | 600 | 400 | 460
9 3 HL240-W-50 [5~40 | 1.20~2.00 250, 320, (400) 750 | 720 |, 00| 460
3 20,2, , 320, (6300)|(6300)
3 500 1000 | 900 | 6300 | 6300
— ] X
* 320, (400) 750 | 720 | 3001 300)
10 HL220-W)-50 25~.59 | 1.50~1.80
500 1000 | 900 | 6300 | 6300
200, 250, 320 750 | 900 | 400 | 460
" HL110-W]-50 35~.80 | 0.56~.0.85
,56~.0, 300 | 460
400, (500) 1000 | 1200 | 330 | (350,
160, 200 600 | €00 | 400 | 460
12 HL110-W]-60 30~70 | 0.70~1.10 1%
250, 320, (400) 750 | 720 | 300l 6300)
13 HL240-W]-71 2332 2.90 500 500 | SI4 | 6300 | 6300
75. 100, 125, 160 750 | 720| 400 | 40
14 CJ-W-55/1x58 | 100~.260 | 0.12~0. 19
. 200, 250, 320, 400 | 1000 | 900 | 400 | 460
— o
= 125, 160 600 | 600 | 400 | 460
9
s | 3 CJ-W-65/1x72 | 100~.260 | 0.18~0.29 | 200, 250 320, (400) | 750 | 720 (6388)(6388)
£
500 1000 | 900 | 6300 | 6300
16 CI-W-92/1x i1 | 138~145| 0.50 500 500 | 514 | 6300 | 6300

Figure 8. Characteristics of Standardized Turbine Generator Sets
with Capacities from 12 to 500 Kilowatts, Offered by
the China National Machinery and Equipment Export
Corporation.
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to reduce costs of these smaller units by new technology, such as the
"1ift translator" shown in Figure 7 which is now undergoing testing. Other

innovative ideas should be expliored.

6. Electrical Equipment. The technology of generators and various

other electrical machinery is well advanced and proven, and almost univer-
sally available. However, the arrangements of machinery and controls to fit
the production capability of a site with continually changing load demands,
can vary widely. For instance, synchronous generators are required in an
isolated plant, or at a location at the end of a line of a large system, and
in all high capacity installations. Figure 9 1lists those situations where
synchronous generators are required, and those where less costly induction

generators may be used. It also illustrates the electrical controls needed

for each generator.

Remote control, which generally is essential for the economic operation
of a small scale plant, can be performed satisfactorily with presently avail-
able and well proven facilities. With small scale generation, with the use
of now available solid state inverters, direct current can be generated with
greater efficiency, and excess power can be stored in a battery bank and then
drawn upon to meet peak loads.

An example of this type of setup is the 50 kilowatt power unit for
remote locations that is provided by the Independent Power Producers in the
United States. In line with the usual practice for small scale units, a
packaged unit is provided including turbine, generator, control equipment, enérgy
storage facilities as needed, and whatever transformer facilities are required.

Figure 10 illustrates the power flow of the unit: the direct current can be
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fed to the 60 Hertz 115/230 volt load through an inverter, or can charge a
battery bank from which current is drawn through the inverter to meet peak
demands. This almost "black box" system, with present day equipment, will
produce electricity at remote sites fully competitive with other sources,
such as diesel generators. Various other similar packaged units are

available.

60 cycle
115/230 ;
VAC

Continuous power output
. Horse
g power JOenerator
i.v; Loy E E;x;ce;;;;ssé ) Battery Bank

Figure 10. Illustration of Power Flow for Independent
Power Developer's Packaged Unit

7 linverter

Walar
1N
/ Turbine

The Panel should review possible ways these packaged units can be
jmproved to better meet the needs of remote areas in developing countries
where Tittle technical support is available. The potential is considered
great as a first step toward improving human conditions. This can Tead then
to larger scale developments. For instance, with the tremendous program of
small scale hydro developed in China, the need for much more energy as they
move further ahead in improving human conditions is recognized. Six dams
with a combined hydropower capacity of 21,000 megawatts are now being actively
planned, and the Three Gorges Dam on the Yantze River which has a potential

of 30,000 megawatts is scheduled to follow.
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7. Electrical Transmission and Distribution Equipment. The technology

of transmission and distribution facilities is excellent and can readily meet
most requirements. The equipment is widely available. There is room for
improvement in optimizing the specifics of a given site and its energy

market.

Small scale hydro plants in remote areas will be close to the energy
use and the distribution equipment can be simple. In a large interconnected
system, the addition of a number of widely scattered small scale hydro plants

can provide voltage support for the local areas and increase reliability.

Technology is well advanced for the long distance transmission of
electrical energy with higher voltage, up to 1,500,000 volts, are being
developed and may soon be utilized. With these high voltages, line transmission
losses are low, and thus development of large hydro potentials in remote areas,
such as on the lower Congo River, are more economically attractive.

In;erties of systems, such as the 800-mile, 800,000 volt direct current tie
between the Northwest power grid and that of Southern California in the United
States, have demonstrated the reliable technology application. Such interties
result in more economical and efficient use of electrical generation capacity,
and result in better utilization of hydropower as a part of a large inter-
connected system. The great number of international interconnections, such

as those in Europe, not only result in lower costs of electricity, but have
proven to be important factors working towards political stability. The Panel

should consider where additional interconnections can be effective.
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IV. HYDROPOWER ECONOMIC FACTORS

The usual economic analysis consists of determining the ratio of costs
and benefits. Difficulties occur in fully and fairly determining the full
costs and the full benefits; many of the factors are hidden, such as the |
benefits foregone by flooding out farms in a valley to create a reservoir.
Many are difficult to quantify, such as the value of recreational features
created with a man-made lake, or the economic catalyst provided to an area by
having electric power available. Most hydropower developments will involve
some type of water control, as discussed under item 3 of hydropower benefits.
The determination of benefits from all multipurpose uses and the assignment
of costs is not a straightforward exercise, but will vary greatly according to

the specifics of each project, including political and social objectives.

1. Economic Analysis Methodology. The usual procedure of determining

the economic feasibility is to compare the costs of the hydropower however
determined,with the Teast-cost alternative, such as heat-powered plants.
Generally the costs are based on life-cycle analysis. If the ratio is greater
than one, the project would be considered economically feasible. While this

is helpful as a guide, there are many factors in today's energy situation

that complicate the determinations and considerations. For instance, the
discount rate to apply to future benefits, in view of present widely fluctuating

interest rates, is controversial.

The comparative costs of different sources of energy are under constant
change and adjustment. Rising costs of and increasing demands for diminishing
finite resources, such as 0il and natural gas, and inflation which is not

uniform for all factors, make life-cycle costs difficult to determine. The
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present methods usually fail to give adequate credit to the inflation-proof
characteristics of hydropower. Most methods are based on past data and thus

rarely reflect the 1ikely future.

For instance, in the United States, the costsof oil or coal-fired
powerplants just being completed are about 400 to 500 U.S. dollars per
kilowatt. Most utilities in projecting costs of similar plants where
planning is now underway, project costs by the time the plants are completed,
of at least 1,000 U.S. dollars per kilowatt. Under present methods of
analysis, economic justification for hydropower ranges from about 800 to
2,000 U.S. dollars per kilowatt, depending upon the plant factors, the timing
of the availability of the power in relation to peaking demands, upon
the specific market for the power, and upon the effects on pricing of various

governmental actions which may vary interest rates or provide subsidies.

Figure 11 illustrates the effects of interest rates on comparative
costs and also the value of the inflation-proof characteristics of hydro-
power. In preparing the curves the 1ife of a hydropower installation of 50
years was used; 35 years was used as the life of an oil-fired plant. The
curves are based upon the same capacity factor for the two comparison plants.
While oil-fired and hydro plants in a large electrical system would likely
have different load curves, for a specific purpose the comparisons are valid.
Other elements of cost, such as differences in operation and maintenance and
the probable greater transmission costs from a hydro plant, are not included
in the curves. These factors must be considered, along with all others, in

the analysis of a specific site.
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Figure 11. Additional Capital Cost Economically Justified
For a Hydropower Plant Over That of an 0il-
Fired Plant with Different Costs and Rates of
Interest for Financing.

Thus the curves are simplistic and are illustrative only, but they do

jndicate the need for a fresh look at the present economic analysis methods.

For instance, with the cost of oil at 20 U.S. dollars a barrel at the time

of starting operation, and with an increase in the price of oil of 5% per year,
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with capital available at 8%, the capital cost of a hydropower plant that
could be justified over that of an oil-fired plant, would be 3,400 U.S.

dollars per kilowatt.

2. Project Financing. Determination of the economic value of a project

may be quite different from that of the practical problems of obtaining
financing. The latter will be affected by the risk involved compared to other
investments, governmental guarantees or subsidies, if any, the availability

of capital both for local costs and for costs of imported materials, the

length of time for payback, and the expected return on the investment.

The amount of financing required will present a major problem. To
increase the amount of hydropower to five times that now being produced will
require an average expenditure of about 33 billion U.S. dollars (1976 dollars)
for the next four decades; nearly half of the amount will be in developing

countries (see Tables I and II).

3. Issues. The Panel should examine present practices around the world
for the above analysis and suggest improvements that could be made. Further,
ways that the continually renewable andlpollution free characteristics of
hydropower could be recognized should be examined. The finiteness of fossil
fuels is considered only through the price structure which doesn't reflect
problems 10 years or so ahead. Dependence upon 0il or other energy sources
outside the control of a country, and the effect this may have on internal

inflation rates and currency values, need to be considered.

In view of the above, it would seem reasonable in some instances

for governments to provide incentives to promote development of hydropower.
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These could be in the form of various tax considerations such as investment
tax credits, fast writeoff of capital costs, credit for equivalent finite

fuel savings, and some have suggested elimination of property tax on hydro-
power developments. An outright governmental grant to cover some percentage
of the cost might be justified in the overall public interest, both locally

and worldwide. These issues should be examined by the Panel.

Reference 10 provides the United Nations prepared guidelines. The
Panel should determine how effective they have been in application, and

perhaps suggest improvements that could be made in evaluating hydropower

developments.

V. HYDROPOWER ENVIRONMENTAL AND SOCIAL CONSIDERATIONS

Rarely does a hydropower development concern only a local area; even
small scale projects may have widespread effects. Water as an essential basic
resource for all life has limitations and acts upon and interacts with all
activities of people. In arid areas water is likely to be the controlling
factor of present and future human activity. Even in humid areas it is an
essential resource that requires careful husbandry. Thus any development will
almost always have more than one purpose. For any utilization the full range
of impacts on economic and social activity and on the environment need to be
defined and carefully considered in formulating an optimum program for

development.

1. Environment. Diversion and storage structures had an effect on
the regime of a stream which must be evaluated to take full advantage of and

improve positive effects and to minimize and mitigate changes that are adverse.
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Tradeoffs will be required, and they need to be as fully defined and delineated
as possible. Some uses are complementary and some are conflicting. The

effects on the biological system requires careful consideration; for

instance, the habjtat of waterflwl may be an important factor. Flood
prevention is generally a plus; other effects such as silt and debris retention,
changes in the hydraulic properties of the stream, and the effects on the

streambed can have both plus and minus aspects.

The effects of a reservoir and its operation on fishlife in a stream
vary widely. On some streams, such as those in arid areas with naturally widely
fluctuating flows, the effects will be mostly favorable. Food production
from fish, as well as recreational values, can be greatly increased. Blocking
of the upstream migration of anadromous fish can be mitigated, at least
partly, by fish ladders along with fish hatcheries and related management

programs.

Reservoirs can provide large water related recreation and other benefits,
especially in arid areas. The aesthetics need evaluation as they can often
be improved with careful planning without additional cost. The weighing of
such factors will depend on the degree of development of an area, but they

should usually be carefully considered.

2. Societal Effects. The short term effects, at Teast in the existing

social cultures in an area, will depend upon the magnitude of the water
resource development. Small scale hydropower installations, by providing
electricity for house and street 1ighting, and perhaps for small cottage
industry, with sometimes an assured culinary water supply as a by-product, can

initiate a change from a primitive, poverty-stricken culture to improvement
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in living conditions. Large developments that require the relocation of
villages and large numbers of people present problems with serious impacts.
There are no easy ways to accomplish such relocations, but often the
conditions of those being moved can be improved with proper planning. Full

knowledge and sound judgement are required.

Methods of determining and weighing national social effects, such as
employment, redistribution of wealth and opportunity, foreign exchange problems,
and the social value of investments and returns, need to be reviewed as related
to hydropower developments. The importance of these factors will vary by

project and from one country to another, but they should be considered.

3. Legal and Political Problems. These two problems in regard to water

resources development are closely interrelated. The legal rights to water and
jts use vary widely. Some areas have essentially property rights, such as the
doctrine of prior appropriation for beneficial use as found in the Western
United States. Other areas have common law riparian rights, and some have
1ittle or no legal framework. As the uses of water approach the supply capa-
bilities, the legal and political problems become more difficult, both within

a country and between two or more countries.

In international rivers, and especially those in developing areas such
as those of the Congo and Mekong Rivers, a major difficulty is arriving at an
equitable division of costs, benefits, responsibilities, and construction and
operation activities. Fully seasoned and objective perspectives and judge-
ments are required to arrive at agreements. A number of successful

international developments have been worked out, such as those on the Columbia
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and St. Lawrence Rivers involving Canada and the United States; the Irongate
Dam and Powerhouse on the Danube River involving Romania and Yugoslavia;
a number of rivers in Europe such as the Rhine; and the Parana River in South

America involving Brazil, Uraguay, and Argentina.

The Panel should consider how the United Nations could provide
assistance in resolving these international problems, especially in the develop-
ing country areas. The issues are complex--technically, socially, politically,
and economically--and there are no easy answers. Legal and closely related
political problems can be overwhelming. The most knowledgeable, balanced, and

objective evaluations and judgements are necessary.

VI. UTILIZATION QF HYDROPOWER

The flexibility of electrical energy applies to that produced from
hydropower. It can be utilized in the full range of development of an area
and in all the areas of energy need: agriculture, industry, domestic, commer-
cial, transportation and telecommunications. However, the Panel could review
how it can be best utilized in various stages of development for maximum

benefit.

Various ways to store the excess energy produced by streamflow that
may be required when electrical load demands are less than the energy generated,
should be considered. With small scale units, a battery bank as shown in
Figure 10, can be effectively utilized. For large scale developments, pumped
storage is the most efficient and effective ways to store energy. It is also
effective in a system where large size heat-power units, which require continuous

full Toad operation for economy, produce excess energy during nighttime.
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As discussed in item 7 of Hydropower Advantages, about four units of energy are
required at low demand time to produce three units during peak loads; the
former is low cost energy and the peaking power may have market value several

times the cost.

The present state-of-the-art of pumped storage is quite well advanced
and is described in Reference 11. The Panel should evaluate the present pump-
turbine technology to identify possible improvements. The possibility of
using off-the-shelf present pumps as pump-turbines, especially for small scale
use should be examined.

The Panel should also consider bringing the developments of under-
ground pumped storage now being made or planned into focus for possible
increased use in developed countries with low topography relief. Other possible

methods of energy storage could be examined.

VII. MEASURES TO PROMOTE HYDROPOWER IN DEVELOPING COUNTRIES

1. Technology Required. As has been discussed, the technology required

is not high level, except possibly the controls and equipment for high voltage
generation and transmission of electricity. Technology is not considered a
deterrent to development. Factors determining the pace of hydropower develop-
ment are as follows:

a. Energy demand in the market area

b. Availability of capital

c. Cost of energy from alternate sources

d. Institutional framework and stability

e. Methodology effectiveness in formulating projects

33



f. Organization structure to carry out programs
g. Financial assistance to train personnel, provide technology

transfer, and to initiate programs

2. Obstacles to Development. For small scale hydropower, the big problem

is the relatively high cost of investigations and project formulation so that
financing can be obtained. Consideration should be given to a systematic
evaluation of an entire river basin, determinations made on priorities of
development, and then development planned in a systematic program. There is
need to provide assistance to the developing countries to accomplish this type
of approach. Some programs are now underway, such as United Nations evaluations,
the energy evaluations and determination of options available recently completed
in Peru and Egypt with assistance from U.S. AID, the programs being planned

and carried out by the World Bank, and a number of others. The Panel should
determine the worldwide status of such studies, and identify areas and countries
where additional efforts should be made. Financial assistance from the
developed countries will be required, but such programs are essential. Methods

to provide this essential financial assistance should be determined.

While the natural resource agencies in developing countries have competent
personnel and direction, there often is a need for utilization of systematic
methodologies of analyzing and developing programs. Figure 12 is from
Reference 12 and illustrates the type of study plan needed for a national
assessment of hydropower. Figure 13 shows the components of a reconnajssance
study, and Figure 14 illustrates the components of project formulation. These
two figures, 13 and 14, are from Reference 13. The Panel should evaluate
ways these or similar methodologies can be better utilized, especially in
developing countries. Reference 14 provides an excellent guide for hydropower

evaluation.
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Cost information for reconnaissance studies have been developed in
series of cost curves such as those shown in Reference 15. There are other
sources equally reliable, and data is available to adapt the cost curve data

to sites at most locations.

Some of the smaller and more simple projects can lend themselves to
planning and development by the private sector and financing by private
investors. However, even the simple projects will involve interface of some
type with Government organizations. Most of the large, complex projects will
be planned, constructed, and operated by Government, or by Government direction
utilizing some type of development and operation authorities, such as a
national power authority. Further, there needs to be close coordination with
the electric utility industry where one exists separate from Government.

There generally is a critical need of developing organizational structures that
can provide the needed coordination, and that can plan and accomplish programs.
The Panel should consider ways experienced assistance in this area can be

provided to the developing countries.

Shortage of trained and experienced personnel for hydropower planning
and development is a worldwide problem. The Panel should review various pro-
grams now underway and develop whatever additional programs of seminars, direct
training of Government personnel, use of short term consultants to assist in
formulating and organizing programs, periodic conferences such as the October,
1979 International Conference on Water Power held in Washington, D.C.,
scholarships for university training, and various other methods of technology

transfer that can be effective.
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APPENDIX

Hydraulic Energy - Use and Potential

(From Referencel, World Energy Confer-
ence Survey of Energy Resources - 1974)
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Middie 100 890 807120 2905632 208064 1022400 3680638 4914 6.613 31.46 154.60 33 6.30 30.98 1104 4901 17642 06 04
Northern 2633 21 062 75 824 25 764 80 930 291 348 3141 8.510 303 951 86 0.30 0.94 3090 7310 26316 347 90
Southern® 1529 12233 44 038 9974 26 498 951393 2657 2.671 373 99N 23 043 1.15 180 750 2700 6.1 28
Total 145 218 1161 741 4182 267 437104 2019934 7271754 4 621 29421 14.86 68.66 345 1.27 585 8154 30168 108594 2.6 1.5
Asia (less USSR)
Japan® 7900 63 201 227 524 49 592 130 004 468014 2621 0.372 133.31 34947 102 049 1.27 19 897 82270 296 172 130.2 633
Eastern 62014 496 110 1 785996 339146 1.343208 4 835 549 3961 11.353 29.87 11831 809 042 1.66 14 752 55 261 198938 11.1 4.1
Middic South 36 789 294 315 1059 534 108 683 451 698 1626113 4156 6.873 15.81 65.72 747 0.15 0.60 8 664 45900 165240 15.6 10.2
Southeast 26 507 212 056 763 402 168 796 637298 2294271 3775 4493 37.57 141.84 283 0.60 2.2§ 2571 11 083 39 899 5.2 1.7
Southwest 6078 48 623 175 042 18 120 75961 273 460 4192 4.531 4.00 16.76 77 024 099 1234 3919 14 108 8.1 52
Total 139288 1114305 4011498 684 337 2638169 9497407 3855 27672 24.73 9534 2018 0.34 1.31 47118 198 433 714357 171.7 15
Europe (less USSR)
Western 14 769 118 146 425 325 48 874 161 266 580 557 3 300 0.985 49.62 163.12 144 034 1.12 33928 118 266 425 758 100.1 1733
Southern 11 643 93 140 335 304 80 589 218 654 787154 2713 1.317 61.19 166.02 126 0.64 1.74 33 465 109 108 392788 117.1 499
Northern 23 631 193 046 694 965 64 951 279406 1005862 4303 1.573 41.29 177.62 9 0.82 3.54 30429 139 159 500972 721 4938
Eastern 2918 23 344 84 038 20993 63042 226 951 3003 0991 30.00 63.61 105 0.20 0.60 6176 15 784 56821 676 250
Total® 52961 427 676 1539632 215407 722368 2600524 3354 4.866 44.27 14845 454 047 159 103998 382317 1376339 894 529
USSR* 50 000 400 000 1 440 000 269 000 1095000 3942 000 4071 22272 12,08 49.16 245 1.10 447 31 500 123 000 442800 308 11.2
North America
Northern® 57 728 461 824 1 662 567 290209 1272709 4581753 4 386 21.674 13.39 58.72 226 1.28 563 85 905 434950 1565820 942 342
Southern 14107 112 862 406 303 37846 203 138 731297 $ 367 2.506 15.10 81.06 65 0.58 3.13 4109 17796 64065 158 88
Caribbean 300 2400 8 640 2 400 12 000 43 200 5 000 0.239 10.04 50.21 26 0.09 046 196 588 2117 245 49
Total 72135 577 086 2077 510 330 455 1487 847 5356 250 4 502 24.419 1353 6093 317 1.04 4.69 90 210 453334 1632002 786 30.5
South America
Tropical 68 132 545 053 1962 190 215877 1317935 4744 566 6105 13.666 15.79 9644 154 140 8.56 14 670 79 076 284 674 145 6.0
Temperate 13 089 104 710 376 956 72412 319 096 1148 746 4 407 4.140 1749 77.08 39 186 8.18 4103 12 339 44421 118 39
Toal 81 221 649 763 2339 146 288 289 1637031 5893312 5678 17.806 16.19 91.94 193 149 848 18773 91 415 329095 141 5.6
Oceania® 12 987 103 897 374 030 36 S15 202 071 727 456 5534 8.521 429 2371 19 192 10.64 7 609 28 897 104 030 278 143
World Total 553810 4434468 15964083 2261107 9802420 35288703 4 335 134927 16.76 7265 3591 0.63 273 307362 1307564 4707217 29.5 133
*Developed Nations 183 105 1 468 831 5287 191 870 697 3448650 12415140 3960 60.376 1442 57.12 1069 0.81 323 249320 1052491 3788965 716 30.5
Developing Nations 370705 2965637 10676292 1390410 6353770 22873563 4570 74.551 1865 86.23 2522 0.55 2.52 58 042 255073 918 252 8.6 40

Regional and Continental Totals of Hydraulic Energy Resources and Their Present Utilization
Totaux des ressources hydrauliques et de leur utilisation aciuelle pour les régions et les continents



Hydraulic Energy

¥ame of Continent, Gross fevelopsent Status )
Region,Ceuntry snd Theo- Operating fMndar Construction Planned Other
¥ational Subdivision |retical [Cap=- Probable Cap- Probable Cap- Probable Cap- Probable
Capa- acity Annual acity Annual acity Annual acity Annoal
biliey nvy Generation (1) Genaration [Gh)) Generation (e Generation
r*n (b)) (1) T3y (T3
at Aver- at Aver at Aver~ at Aver-1
. G9S age G95 age G695 age G95 age
M (2) 3) () {5) (%) (N (8) (9) (10) (n 12y (13 {14y
APRICA
Reatern Africa
Rigeria (a,b)
xainii(c) 8064 | 320.0 BO68| 15538 - - - . - - - - -
Kain{i Extension 31650 - - -1 230.0 3650 - - - - - - -
Jebba 7812 - - - - - -t 500.0 7812 10152 - - -
Shiroro Gorge 2988 - - - - - -] 800.0 28un 2848 - - -
Gongola 684,0 - - - - - -l 80,00 688.0 792.0 - - -
Benue-Platean (NESCO) 932.0| 2%.00 §32,0 a32.0 - - - - - - - - -
Losses 993.6 - - - - - - - - - - - -
TOTAL Nigeria 24880 365.0 8896 160207 230.0 3650 ~1 900.0 11330 13788 - - -
Ghana
Entire Natiom 0 988.0 29536 9815 - - -1 180.0 3815 9 526.% 22037 1]
Ivory Coast
Bia 3230 S0,00 360.01 900.0 - - - - - - - - -
Cosoe 468280 - - - - - - g o $292 L) L) 2160
Bandanra 37800 | 175.0 1728 1908 - - -1 210.0 2880 378¢C g 820 soag
saszandra & Bafing 93681 - - - - - -1 385.n 9860 680R8 o L] 3660
Cavally 50800 - - - - - - L] n 6a80 L] L 1600
TOTAL Ivory Coast 230802 | 225.0 2089 2808 - - -1 555.0 7780 21960 - 3820 Tanoe
Portugese Guinea (a)
Entire Nation - - - - - - - - - - - - -
tastern Africa
Ethiopia ({(a,b)
Abbai (Blue Wile) 585876 108,0 L 217 - - -1 95n.0 ] 16333 7602 g 1093482
Awash Basin 1782 1148.0 L 1789 - - -] 860.00 n 720.0 [ o 2188
Alanata 168.2 - - - - - - - - - n ] 9k, 28
Barca 1076 - - - - - - - - - L] u 27.2
Rareb-~Gash 6298 - - - - - - - - - 0 0 2089
Taccazze-Setit $34848 - - - - - - - - - L] L ] 18172
Angareb 9%0.4 - - - - - - - - - L 1] 2%55.6
Atbara 587.2 - - - - - - - - - 0 g 187.6
Baro 10861 - - - - - - - - - L] [ ] 2360
Ghelo 1260 - - - - - - - - - g L) 3802
omo 57842 - - - - - -1 800.0 L 7200 g a 93
Acobo 978.5 - - - - - - - - - g g 16S.6
Giuba 8183 - - - - - - - - - L o 2358
Wabi Shebelli 77624 - - - - - - - [ 2520 [} [} 22831
TOTAL Ethiopia 819876 | 222.0 - 3906 - - - 1390 - 2677 7602 - 170877
mozambique
Entire Nation 180002 | 90.00 1138 [} 3700 69801 a 2500 36800 a 5000 $8000C 0
Aalavi (a)
Entering Lake Malavi g - - - - - - - - - g - -
Leaving Lake Malavi Ul s0.00 252.0 - - - - - - - - - -
TOTAL %Nalawi ~1 80.00 2%2.0 - - - - - - - - - -
Zambia (a)
Entire Xation 0| 756.0 ] of 910.0 ] o} 768.9 n ] 1800 ] [
niddle aAfrica
Zajre (a,b.c)
Opper Zaire 0 559.0 99132 o - - - - - - - - -
niddle zaire 0| 38.00 3160.0 g - - - - - - - - -
Lover Zaire o - - -] 289.0 2091 g - - - 32000 - -
TOTAL Zaire -{%97.0 10292 -1 289.0 2081 - - - - 32000 - -
Angola
Entire Xation 252002 | 288.0 2880 0] 80.00 | 720.0 o{ 300.0 | 12280 o 9000 | 216002 0
Sao Tomse and Principe (a)
Entire Mation - - - - - - - - - - - - -
¥orthern Africa
Tunisia (a)
Entire Wation 81.00| 29.00 191.3 136.7 - - - - - - - - -
Southern Africa
South Africa (a)
Orange River U] 180.0 1192 2700 | #20.0 1188 2866 - - - - - -
Tugela Piver (b) ] - - - - - -| w000 | 1ss00| 25200 - - -
TOTAL South Africa ~|-180.0 1192 2700 | %20.0 1135 2866 %000 | 18u00] 25200 - -
ASIA
East Asia
Japan ({(a,b)
Pntire Wation 2012021 19897 {161915| 296178 | 3396 86301 16730 25327 | 60981 155118 - - -
Korea, Rep. of {a)
North-vest Region gl s573.0 L) 5699 0 g ol s12.0 [
Worth~Past Region " 0 n 0| 90.00 g $76.0| 200.0 1‘: 3:;; ;;g:g g g
South-%est Region o 38.00 0| 655.2 [} g 0] 250.0 0 1757 | $91.0 g v
South-fast Region g} 13.00 g 188,0 L] o{ 80.00 0 7a1.6 57 60 M n
TOTAL Korea, Rep. of -1 620.0 -1 6898 90.00 -1 s76.0{ 102 - 6836 1762 - -
Eastern Asia
Taivan (a)
Entire Yation 380 000 | 1131 $537( 13630} 238.0 | 277.6 1811 266.5 | 3a0.2 3977 - - -

(See Appendix pages 7 to 12 inclusive for notes concerning

tabulation data).
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Hydraulic Energy

Wame of Continent, Gross Davelopsent Status =
Region,Country and Theo- Oparating Onder Coastruction Planned {Other
National Subdivision retical [Cap- Probable Cap~- Probable Cap~ Probable Cap~ ——%robable
Capa- acity Annual aciey Annual acity Annual acity Annual
bilicy (awy Generation [§.4] Ganearation (mv) Generation {nm Generation
N (1J) (TN (TJ) (TN
at Aver- at Aver at ver~ at Aver~
395 age G95 age G9S age G95 age
[R))] (2 Q) (3) (5) {6) (4]} (1] 9 (10) {m (12) [RE]] (18)
ASIA
#iddle South Asia

India (a,b.,c.d)

Northern 203081 2150 16330 o 2700 - -1 12150 | 156960 1] - - -
Vestern 135360 1000 17730 9 1000 - -{ 10000 | 117990 o - - -
Southern 153000 3100 61870 1) 2900 - - 5500 91850 g - - -
Eastern 50760 | 330.0 10800 0| So0.o0 - - 3070 80320 o - - -
Wortheastern 235481 | 70.00 720.0 g| 200.0 - -1 28730 | 235841 9 - - -
TOTAL India 777602 6750 | 137160 - 6800 - ~{ 56850 | 682602 - - - -

Bangladesh (a,b)

Entire Nation 0| 120.0 9 9 - - -j 86.90 ) 9 1100 o 9

Iran {(a)

Khazestan 0| 520.0 6588 9356 1000 12539 13832 - - - 6800 68300 88280
Tehran o| 113.0 688.0 720.0 - - -1 168.0 720.0 778.0 - - -
Azarbaijan § Gharb 0| 26.00 262.% 3156.8 - - -{ 100,0 777.6 1008 350.0 8320 6dea
Marandaran £ Gilan 0| 87.00 140 1800 - - - - - - 800.0 100080 12816
Esfahan ol S2.00 580.0 720.0 - - - - - - - - -
Joaocob Sharghi 0 - - - - - -1 30.00 180.0 28%.0 - - -
Other 7 - - - - - - - - - 150.0 1840 1800
TOTAL Iran -| 798.0 9839 129513 1000 12539 18832 298.0 1678 2070 8100 88280 108940

Southeast Asia

Indonesia
Samatra 126001 - - - - - - - - - 7000 g g
Java 27000 - - - - - - 1500 9 o - - -
Kalimantan 117001 - - - - - - - - - 6500 o )
Sulavesi 105301 - - - - - - - - - 5850 9 v
Ician Jaya 162001 - - - - - - - -~ - 9000 9 g
Wasa Tenggara 6§ Malaka 2700 - - - - - - - - - 150.0 o g
TOTAL Indonesia 580005 - - - - - - 1500 - - 28500 - -

pPhilippines (a)

Lazoa Region 43518 ] 331.7 3298 3298 1290 9860 9860 - - - 39711 30355 30355
visayas Region 4857} 2.000 83,20 83.20 - - - - - - 196.2 2318 8314
nindanao Region 225723 207.2 2898 2898 | 795.0 11120 11120 - - - 611.8 8558 85548
TOTAL Philippines 70583 680.9 6239 6239 2085 20981 20981 - - - 8778 83323 83323

Vvietnam, Rep. of (a)

North - - - - - - - 1287 - 20650 - - -
South (Mekong) - - - - - - - 2368 - 847138 - - -
Central (bong Wai) -{ 709.0 - 13000 - - - 1274 - 22929 - - -
TOTAL Yietnam, Rep. of -1 709.0 - 13000 - - - 3R89 - 88316 - - -

Ralaysia (a,b,c)

West malaysia only 8] 295.5 0 38121 388.0 g 3269 181.0 0 m 3.8 g 5623

Portugese Timor (a)

Zatire Xation - - - - - - - - - - - - -

Southvest Asia

farkey (a to e) - - - - - - - - - - - 187800 -
meric 3068 - - - - - - - - - 0 0 0
macrsara 18576 - - - - - - - - - ] 0 9
Susarluk 317368 - - - - - - - - -1 10.38 [\ 15,2
K. Zge 11383 - - - - - - - - -1 10.80 o 100.8
Gediz 19011| 89.00 L] 1202 - - - - - - - - -
K. Menderes 5929 - - - - - - - - - 0 0 0
8. Renderes 27911 179.8 0 2966 - - - - - - - - -
8. Akdeniz 65373 - - - - - -1 338.1 0 5800 - - -
Antalya 88558 | 500.2 ] 9000 - - - - - - - - -
surdar 3658 - - - - - - - - - L] 0 L]
Akarcay 2891 - - - - - - - - - o 0 0
Sakarya 3768% | 588.2 o $713 - - - - - - - - -
B. Karadeniz 72029 - - - - - - - - -| 288.1 ] a788
Yesilirmak 667631 | 711.8 [} 8316 - - - - - - - - -
Kizilicmak 69286 1017 of 15333 - - - - - - - - -
xonya 3637 30.40 v 259.2 - - - - - - - - -
p. Akdeniz 98868 | 328.8 0 5879 - - - - - - - - -
Seyhan 81826 | 880.0 o 7956 - - - - - - . - -
Asi 15862 3.000 o] 48.a0 - - - - - - - - -
Ceyhan 70831 637.1 o 8806 - - - - - - - - -
rirat 309876 | 6285 9] 106593 - - - - - - - - -
p. Karadeniz 150748 1608 0 19185 - - - - - - - - -
coruh 89807 | 815.9 ] 5093 - - - - - - - - -
Aras 48629 | 277.8 L 1852 - - - - - - - - -
vYan 8924 - - - - - - - - - 17.80 L] 208.8
picle 166195 1881 of 28311 - - - - - - - -

TOTAL Turkey 1570482 14589 -1 228073 - - - 338.1 - 5800 327.0 187800 5213
a a .

Traq s ol 96.00 | 1868 0 - - - - - - - - -
Dokan 1) - - - 560.0 8068 u| 280.0 - - - - -
Haditha 0 - - - - - - - 3600 L - - -
roanl v - - - - - - - | .n38s8 o < - -
sakhaa o - - - - - - - 9720 o - - -
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Hydraulic Energy

—_—
Mame of Coatinent, Gross Devalopsent Status
Region,Country and Theo~ Operating Tnder Consmtruction Planned Other B
¥ational Subdiviamion retical {Cap- Probable Cap~ Probable Cap~ Probable cap- Probable
Capa= sciety Annual acity Annual ncity Annual acity Annual
bility tavy Generation (Awy Generation (19 Generation (L)) Generation
N (T30} (13 [e0)] A3
at Aver~ at Aver at Aver- at Aver-
G95 age G9S age G9S age 69% age
(M) 2y 3) (8) () (6) (ki) (A) 1 (N (10) (1) (2) [RE]) 18y
——————d
ASIA
Soathvest Asia
Iraq ,
TOTAL Iraq -] 96.00 1868 -i 560.0 8068 -1 2%0.0 21708 - - - -
Israel
Entire ¥ation 0 - - - - - - - - - - - -
EOROPE
VYestern Earope
Germany, P.R. of (a)
Danube 72188 1883 23220 3a1é| 17.00 198.6 284.6| 706,0 8986 13216 - - -
Rhine 20616 | 993.0 11848 11817} 198.0 3132 8608 | 367.0 3258 3788 - - -
Sener and Elbe 6336 | 108.0 856.8 1260 - - -1 1R0.0 1987 2923 - - -
TOTAL Gersmaay, P.R. of 119136 2940 35921 $2823| 215.0 3326 2892 1253 13227 20923 - - -
Prance (a,b,c)
Entire Nation 9720091 15600 [ 151201 198802 2800 6830 a6a0 - - - 2600 18160 23760
Netherlands
Entire wWatioa [] [ 0 o L} 0 0 0 o 0 0 0 e
Belgius (a)
Entire Netionm 1922 | 67.00 - 738.0 - - -1 10,00 - 111.6 63.00 - €91.2
Austria (a)
Zntire Wetion 158040 5691 64880 71680 2993 23760 26882 - - - 3616 58000 59958
Switzerland (o)
Entire Fatiom -1 11000 -1 115200 - - - - - - - - -
tuxeebourg
entire Nation x - - - - - - - - - L] L] v
Southern rarope
Italy (a,b) - - 1138960 -1 . 3600 - -« | 158a0 - - - -
Northern Rainland 835201 | 11200 .- 1260200 1800 - 3250 1800 - 16200 - - -
Southern Maialand 382360 ™Iy - 32760 w00.0 - 1080 200.0 - 1800 - - -
sicily « 00 { 300.0 - 1080 - - - N - . - - -
Sardinia 22680 (100.00 - 1800 - - - n - N - - -
TOTAL Italy 1227201 | 15000 | 138960, 158830 2200 3600 2320 2000 158480 18000 - - -
Spain {(a)
Eatire Natiom 557%2| 11358 0| 118524 2326 v 11816 8815 L 6814y 68038 Q 66885
Yaugoslavia .
Entire wation 396008 alxy 59221 78881 910.0 8280 10080 9500 0| 10768t 2300 0 36360
Portugal
Mainlard 63833 1805 1sing 21778 BO2.0 2175 8136 | 898.0 2520 a0 2985 126820 23303
Azores and Madeira 676.8 | 18.00 216.5° 262.8 - - -1 80,00 180.0 238.0 20.00 108.0 180.0
TOTAL Portugal 68109 1823 18900 <8061 | 802.0 4176 8136 S38,0 2700 8252 3028 1252 23523
Forthern Burope
Onited Kingdom (a,d,<)
Entire Mation 27900y 2157 12377 187171 300.0 230.3 3)a.8 - - - - - -
Sueden (a)
Southern 72001 1430 - 20880 [ - (] 0 - [} 600.0 - 15120
Northern 633606 99130 -1 176082 12690 - 13400 1530 - 12200 5389 - 122601
TOTAL Sveden 705606 | 11360 =1 196922 1260 - 18400 1530 - 12200 5980 - 137521
Pinland (a,b.c)
Entire wation 100801 2270 27000 399601 115.0 - 1800{ 30.00 - 360.0 1300 - 22680
Porway (8,b)
entire Wation 1800016 | 14020 [228602) 280882 31570 33380 35280 5700 72721 75961 6300 79201 83521
Ireland (a,by
Eatire ¥ation 3280 | 219.0 g 2689 - - - - - - 80,00 9 550.8
Iceland
entire Natioe 126001 | 376.0 8630 -] 163,06 3600 - - - - 1] 88561 -
Lastern Turope
Poland {a)
Entire Wation 0| 820.8 6908 l - - - - - - - - -
Rosania (a,b)
Entire Wation 252001 2300 18000 27720 1200 5800 8580 - - - - 32760 50400
Germany, D.R. of
Entire Mation 1 1 ] | 1 n N " 1 1 " " ] ] | ]
Bulgaria (a)
Danubian 23652 - - - - - -1 7178.8 - 8163 - - -
Danube 19157 - - - - - - - - - - - -
Black Sea 2170 - - - - - -] 35.30 - Q02,1 - - -
degean 50065 - - - - - - 3385 - 281322 - - -
Other 33,08 - - - - - ~| n.200 - 19.08 - - -
TOTAL Bulgaria %078 - - - - - - 8169 - 36906 - - -
EOROPE-ASIA
Northern
9SSR (a,b)
Northwvest (c) 52920% 3000 - 53000 - - - - - - 17600 - 126001
Central Puropean 0SSR (4)] 532805 11500 <1 147601 - - - - - -1 11000 - 79201
North Caucasas 857208 { 2000 -1 21600 - - - - - - 7800 - 68001
Transcaucasas 810007 3800 - 43200 - - - - - - 10900 - 11801
Okraine-floldavia 169202 8000 - 39600 - - - - - - 5000 - 25200
¥estarn Siberia 9828098 | 400.0 - 7200 - - - - - - 16700 - 270002
Eastern Siberia J6a6832 ] 20800 -] 338303 - - - - - - 50200 - 903608
Par Bast 84352839 2100 - 28800 - - - - - - %R200 - { 1087609
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Hydraulic Energy

Rame of Continent,

Gross

Developaent Status

Region,Country and Theo- Operating TUnder Construction Planned Deher
National Subdivision retical [Cap- Probablie cap- Probable Cap~ Srobable Cap- Probable
Capa- acity aonual acity Annaal acity Annoal acity Annoal
bility (.04} Generation [§:1)] Genaration [§.1)) Generatiocn [{.1)] Generation
(T3} (T N o (T
at Ayer~ at Aver at Aver~ at Aver-
G9S age 695 age G9S age G9S age
m (2) 13) ) (%) (k) [&d] (8) {9) (10} [KA}) (12) (13} (18)
EURQPE=ASIA
Worthern
OSSR
Central Asia-vazakhstan 2710828 7800 -1 111601 - - - - - - 15600 - 511205
TOTAL USSR 18191328 | 56000 =1 792007 - - - - - - { 213000 =~ 3150026
NORTH AMERICA »
Northern Awerica
Onited Stateax (a,b,c)
Wew Paqland 43283 1511 g9 219131 10.00 L] 26378 - - - 3309 o -
middle Atlantic 136501 3252 L] 82135 4] o a8266 - - - 12296 g -
East North Central 35039| 9848.0 L] 15898 o a 1918S - - - 1395 L] -
Vest North Central 101978 2726 L] 36792} 72.00 o 65185 - - - 4257 g -
South Atlantic 12338 5473 b $5a08| €99.0 L £79a7 - - - 8390 [} -
zast Soath Central 102010 §225 o 7723 | 206.0 1] 26687 - - - 3671 L] -
West South Central 803&5 2096 0 2085R{ 160.0 ) 19487 - - - 2969 o -
Mountain 231821 6219 ) 99811] 898.0 T 332396 - - - 25276 o -
racific 882831 28862 o S08750 5725 o] 3780713 - - - 31605 g -
2laska 621798 77.00 g 1185 70.00 o 620642 - - - 32808 o -
Hawail 1210 19,00 [} 3as%.2 0 [} 32a4.0 - - - 35.00 L] -
TOTAL Tanited States 2525663 | 53808 -| 920818 7630 - (1601028 - - | 125629 - -
Ccanada (a,b) N
British Colusmbia 855857 8803 ol 102912 2540 o 60077 6135 g; 185106 99a3 ] 188289
Yukon 273383} 26.00 L] 702.0 0 0 ¢ 30,00 1 709.2 3176 v 60135
¥orthvest Territories 183083} 35.00 0| As2.8 [} 0 9 4] 0 0 2127 g 20277
Alberta 253839 ( 728.0 L] $638 0 0 0 0 0 0 2956 5 559717
Saskatchevan 51372 s67.0 0 11250 [ 0 0 0 0 0 597.0 20859 11308
fnanitoba 181656 1863 0 37372 1760 ) 31627 0 0 0 4221 80980 79928
ontario 57633 7010 o} 1a8213| 87.00 L] 2059 0 ) 0 670.0 18080 12679
Qaebec 970518} 13766 o} 279672 1211 ) 28689 8130 o) 197023 1127% [} 213518
Few Brunswick 78521 670.0 L] 10638 0 0 0 [} 0 0 47.00 91a.8 1682
Wowa Scotia 5785 162.0 L] 28137 0 0 4] [ [} 4] 67.00 673.2 1278
Prince EZdvard Island 28.80 o 0 0 0 0 0 0 0 0 0.800 7.200 7.200
Nevfoundland & Labrador 210829 2875 0 393481 3325 g 786481 0 n 0 31508 L] 66367
TCTAL Canada 3051592 | 32501 -1 631314 2925 -] 211098 | 1839S -1 3321838 38620 117073 731393
Greenland
Eatire Fation g - - - - - - - - - - -
niddle lAmerica
Mexico (a,b)
“Horthvest 16781 192.2 LY} 2808 | 135.0 2699 L] 0 [} 0 42%.0 10568 )
Pacific Central 15208 | 68,40 13488 a [} 0 o| su0.0 6849 n 231.0 6920 0
Balsas River Basin 58579 1215 20313 o| ls0.0 a50a 0| 900.0 13542 1 1117 20119 L]
Isthwuian Zone 11089 { 22.a0 o ) 0 ] 0 0 4] 0 732.0 11089 [
North Jlas§ 73.80 1007 156.0 [+] 0 Q [ 0 [ 142.0 2137 o
Gul f-North 11885 | 873.7 5767 o o L [} [} 0 [} 378.9 5688 4
Papaloapan River Basin 85293 | 218.1 LERD] a 0 ‘0 0| 360.0 4762 g 2807 36220 g
Grijalva river Basin 131052} 727.9 667TH g| 900.0 13543 1 1990 28179 ) 5768 B86ASS 1
¥orth Closed pasin Au2.8 0 0 0 L] 0 0 0 0 0 56,00 882.8 o
Central-lersa 12593 Sa7.1% 10a85 o 0 0 [} 0 0 0 180.0 2108 )
Bexico-Puebla 3a7.8{ 21,00 347.8 g 0 0 0 0 0 0 [+] 0
TOTAL Mexico 306308 1559 539130 3568 1775 20782 - 1790 49125 - 11620 1823013 -
Guatesala {a,b,o)
gntire Nation 56008 | 95,60 1021 1152 - - - 1100 12579 - - - -
costa Rica (a)
entire ¥ation 802307 | 218.0 a 4266 270.0 g 2282 1635 o 36112 aag o 889a1
SQUTH AMERICA
=ropical South lserica
srazil (a)
Worth 223276 0 0 01 100.0 1577 3154 3900 61695 | 122991 L] 9 L
Northeast 337879 1208 18986 28113 | A%1,0 13a3s 17064 8700 73110 98119 6980 110060 139778
Southeast 1071251 A200 | 137058 172649 9000 | 150826 | 189537 13150 | 219791 | 276338 11000 183856 231657
South 697992 916.0 10937 15966 1438 18598 27149 1578 203%1 2971 261113 337893 493328
Central-West 33358 23a.0 3690 6275 | 208.0 1877 6599 | 68a.0 107686 18386 a g
TOTAL Prazil 2368755 | 0888 | 170669 219083 | 11535 | 187910 | 283501| 24008 | 186533 | Sa2108 8113 631809 264753
colosbia fa)
Caribbean 3021003 1680 o o 290.0 L] aga2| 19030 1) L] 10600 n 0
Pacific and Atrato 835201 | 220.0 4 o] 360.0 4 6336 1820 L] [} 4300 g g
orinoco and Asazon 784801 L L} | %00.0 g 12528 2500 - - 2500 - -
TOTAL Coloebia 16233008 1900 - - 1150 - 23706 | 23350 - - 23600 - -
venezuela (a,b)
Laqo de Raracaido 108561 - - - - - - - - - - - -
Costa Noroccidental 2520 - - - - - - - - - - - -
cantro Nccidancal L1 LD - - - - - - - - b - - -
Llanos Centro Nccidentales 199832 - - -1 200.0 - 3356} 692.0 - 10847 - - -
gaor del Apure 86401 - |® - - - - - - - - - - -
Centrgal 3280 - - - - - - - - - - - -
Centro Oriental 1200 - - - - - - - - - - - -
Oriental 10880 - - - - - - - - - - - -
Guayana Oriental 373323 895.0 17781 261338 1580 18540 | a3i6a 8277 | 179872 267929 - - -
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Hydraulic Energy

—_—

%ame of Continent, Gross Devalopsent Status
Region,Country and Theo= Operating fnder Conatruction Planned Other o
National Sohdivision ratical {Cap~ Probable Cap~ Probable Cap= T Probable Cape Probable
Capa- acitvy Annual acity Annual aciry Annual acity Annual
biliey 1.15] Generation ("W Generation [LLH] Generation {nw) Generstion
(T (r3) () (7.1} {13
at Aver=- at Aver at Avap- at Aver~
695 age 69% age G3% age n9s aqe
[R)) (2) (1) () (5} (6) (MY (8) (9 (10) an {12) (13 {14y
Y I
SOUTH AAERICA
Tropical South America
Yenezuela
Guayana Occidental 300963 - - - - - - - - - - - -
Territorio Amazonas 191162 - - - - - - - - - - - -
Guayana Esequiba 408608 - - - - - - - - - - - -
TOTAL Venezuela 1696333 | 895, 0 17781 26338 1780 18580 46620 8969 | 179AT2] 278778 - - -
Tesperate South America
Argentina (a) 8755279 - - - - - - - - - - - -
Patagonia -1 37.00 L] 687.6{ na0.0 o 8e60 1667 o 30028 600.0 n 10800
Comajoe - 1670 [} 12168} $65.0 g 6458 5229 my 8B8932 2360 8 16708
cuyo -1 360.0 ) w90l 175.0 L] 27611 3672 ul 331us| 589.0 ] s9u7
Centro -1 209.0 a 1109| 12,00 a 165.6 2085 g 11167 2720 o 13119
Noroeste -] 88,00 Q 885.61 162.0 g 12461 8€2.0 o avas 8a9.0 0 99%8
noreste - - ) - - 9 -{ 11312 mi 201918 12298 0 258608
TOTAL Argentina 8755279 237 - 19761 1559 - 19091 28826 -] 333378 194612 - 315123¢
Chile (a)
Northern 12600 | 32,00 288.0 468.0] 10.00 1aa.0 184,0{ 30.00 332.0 720.0 182.0 1836 3132
Central 376681 1219 17680 19800 980.0 13500 18360 6500 Ae636 | 123880 2400 ELEEDS 55080
Southera 316080 | 3.000 | 72.00( 108.0 0 o| €s.00 118R 1296 3199 77188 96372
Anctartic Territory 0 [+] ] a n L] a a L] 0
TOTAL Chile 805321 1858 18000 20376 950.0 13508 18508 6595 86256 | 125089% 6781 113800 158584
Uruquay (a,b)
Ric Wegro 58386 | 230,0 [} 3780 - - -] 880.0 0 8320 112,0 0 1988
Rio Urugaay 50858 - - - 1620 3960 23256 - - - 15.00 0 230.»
Rio Santa Lucia 5568.0 - - - - - - - - - 1 9 1]
Laguna %eris Ins - - - - - - - - - 55.00 [} 655.2
TOTAL Oroguay 109117 | 230.0 - 3780 1620 3960 232%6| 180.0 - 4320 182,0 - 2930
OCEANIA
Austrazlia ¢ New Zealand
Australia {a)
Yestern 23.20| 2.000 36.00 36.00 - - - - - - - - -
Central n - - - - - -1 30.00 832.¢ 432.0 16.50 I -
Zastern 192928 1308 39338 aaa3s 2107 1a 188 151924 707.0 59a4,0 1260 1838 21820 26784
TOTAL Australia 192967 a310 398748 aae7 2107 AL AN-1) 151921 737.0 1026 1592 1881 21820 26788
Nev Zealand (a,b,)
Entire Wation 1800016 3200 $1120 S7601! Saa.0 13320 18400 8%50.0 14040 15120 $u00 101521 111601
delanaesia
Papua~Nev Guipea (a)
Entire Mation 707761 | 29.50 o 688.0 [ 72.00 2 1512 2000 a 586a4 15660 0 377208
Polynesia
rijt 1. (a)
Zntire Nation - - - - - - - - - - - - -
festern Samoa
entire Nation 0} 15.00 252.0 21.60 - - - - - - - - -
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Name of Coantinent,
Region and Country

LFRICK
Yestern Africa
wigeria

Portuagese Guinea
Tastern Africa
Echiopia

Malawi

Zaabia

niddle Africa
Zaire

Sao Toee and Principe
Nocthern Africa
c~unisia

southern Africa
soath Africa

ASIA
zant Asia
Japan

xorea, Rep. of

rastectn Asia
Taivan

#iddle South isia
India

‘Sangladesh

¥o te
No.

(a)

(b)

{c)
(a)

(a)

(a)

(=)

(a)

(by

<)
(a)

(a)

(a

-

()

(a)

)

(a

-

(ay

(a)y
)
)
(a)

Notes on Hydraulic Energy

Gross theoretical capability has bean provided for indivilual sites and is based on
calculations by consultants ct energy available wvith risk of failure not greater than oance in
every S0 years for Kainji, Jetba and Shiroro. ©Pstimate for Gongola is subject to revision as
stadies proceed. Published cutout for NESCO Systes vas used.

fData on G(av) annunal generation have been provided by consultants for Kainiji, and by inference
for Jebba, vhich is iasediately downstream and has 2/3 of Kainji head. Data on G(?5) annual
gqeneration are not readily available and are approximate.

G(av) annval generation includes Xainyi 2xtension.

flydraulic resources are saall but not neqligible.

The gross theoretical capacity is defined as the upper lisit of hydropotential available in an
averages year hased apon surface run-off, and assumes tbat the physical resources of the River
tagin are fully available for pover production, i.e, cosplete atilization of seasonal flows
uvith no flow losses and complete utilization of head, generating afficlency at 100%, and
theoreticai plant utilization factor at 100%. The theoretical gross head for esach River basin
i3 deternmined as the difference between the modium elevation of the catchment above sea level
and the elavation of the River at the Ethiopian border (vhen this River leaves Ethiopia} or the

Por developed or Dlanned sites annual generation in Gwh is the product of 0.07 (a(3}/s) (w).
Por river basinm it is gross theoretical capability (G¥h) times the utilization factor. _
falavi reported groass theoretical capacity in terws of capacity as follows: entering Lake
Halawi (Lake Nvassa) -~ 150w and leaving Lske Malawi - 500%v, turbined down to the nation's
lovest elevation, not to sea level,

Gross theoretical capability is based on average rainfall (30 year period) over Zaabezi basin
catchment area vhich is approximately equal to the area of the vhole country, less 25% for
evaporation and 25% for run-off, Calculations vere based on Zambezi exit alevations, not at
sealevel. Development of the Zambezi River along the Zasbia-Rhodesia border are based on S0% of
the flow in this area. Gross theoretical capability vas given a3 60,000 a¥. Prosble annual
generation vas also given as capacity rather than annual energy. Annual capacity of operating
anits ace 556 and 386 AV for G 35 and Gav conditions respactively, Corresponding values for
facilities ander comstruction are 760 and 760 A9, for planned units 768 and 760 AV and for
other possible inatallations 1062 and 1062 AW,

Opper Zaire (Ccongo) lncludes all rivers above 1000 a altitade, 7iddle Zaire is all rivers below
1000 m elevation to Kinshasa ard Lover Zaire is the Zaire (Congo) River betveen Kinshasa and
the sea.

Estimates of gross theoretical capability were based on zn electromechanical yield of R2.5% and
aversge flov., Por rivers whoze flows are not knove estisates wvere nsade frow rainfall data and
assgmed outflov coefficients. Data on annual energy are anavailable, but capacity for the three
reqgions vere given as 4800, 81600 and 81000 8W. The total national capacity of 132,000 n¥ is
exact to plus or minag 20%., Average national on-stream afficiency is #0G0 Xwh/kvw.

Total iastallable capacity om the Zaire river and its tributaries above Kinshasa is not knowa.
Rydraulic casources are small but not negligible.

Gross theoretical capability is based on storage of rainfall in reservoirs aed recovery of all
fotential energy, without losses, down to sesalevel. Annual gsneration is based on actuzl
experisnce over saven years, About 6.8% of electricity generated in Tunisia is fros hydraulic
tesoarces. Pacilities are in cperation at Bl Aroussia, Nebbeur, Kassab, and Perizna, and a
facility is planned at Sidi Saelen.

Tvo methods vere nged for calcunlating probable annual generation: (1) the sisulation sethod
vhich involves compating what tha result would have been over the period of available
hydrological record had the daes and their associated pover stations been in operation during
this period, and (2) the extreme-value analysis, as developed by Gumwber and others, to
Jeternine the available generation vith refarence to various saverities of droughts

The installable capacity in Columa 9 given as range of 300¢ to 5000 nv¥,

Gross theoretical capability of 70,000 Gwh/yr. is based on total pover of 77,340 R¥ x
8760hrs/yr. It is realized that this total energy is too high bat sore accurate data are not
available.

Average anacal generation at G(95) is the sua of firms output of rum-of-river type pover plants
plus firs outpat based on modified flow of plants vith reservoir regulatnry ponds, Average
annaal generation at G{av) 13 actual average annual generation for existing plants and 10-year
average actual potential for plants under constrnction or undeveloped sites based on 10-year
discharge records.

Gross theoretical capability has been calculated using a plant factor of 20 to 60%. Annual
generation is based on historical flows. Gross theoretical capability vas given in teras of
capacity (MW) and i3 the same as installed and imstallable capacity.

Gross Theoretical Capability estimated by Sater Resources Planning Cosaission as 12037 nv,
annual energy equivalent not available. probable annual generation basad on past 15 continuous
hydro years averaqge output in Colusns 5, 8, and 11, and lover flov duratioca curve of 95% in
Colysns 3, 7 and 10

The country has been divided into five major reglons as shown on Mydraulic Pnergy Map IT.
VYalues in coluosn 2 are for 60% load factor and 95% availability only.

bata in coluysns 3 and 6§ are as of Pebruary, 1973, Balance of Potential generation is at sbout
30% load factor for both planned and other projects,

data for colusn 7 are included ln column ¥ data, Data for colusn 13 are incleded in colusn 1C
data. .

®ational subdivision are based on hydcroelectric profjects
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¥awe of Continent,
Region apd Country

ASIA

Middle South Asia
Pangladesh

Iran
Southeast Asia
Philippines

Yietnas, Rep, of

Balaysia

Portugese Timor
Soathvest isia
Turkey

Itaq

ECROPE

¥estern Europe
Germaany, F.R, of

France

Belgius

Austria
Switzerland

Southern Zurope
Italy

Spaia

Torthern Zurope
United Kingdos

Note
No.

(4]

{a)
(a)

{a}
(a)
{b)

(c

(a

(a)
by

©)

)

(e)
(a)

(a)
(z)
(b)
5

(a)
{a)

(a)
(by

{a

{a

-

(b

Notes on Hydraulic Energy

Gross theoretical capability is taken from project reports. Powver capacities have heen
calculated on the basis of optimum utilization of avsilable river flows to seet the
requiranents of irrigation, flsod contrsl and powver.
frobable annual genaration in cocluans 4, 7, 10 and 1) are for GRS

s
Calculation of gross theoretical capability is based on 2ata on avallsable flovs, net hesds and
plant capacities. Annval generation is determined as rated capacity of unita tises 8760 hours
in a year tises a load factor which varies froe J0% to 60%. Najor facilities use reservoirs for
hold~over of water during the 4ry season, Releases are based on adopted "Rule Curves” that
optisize anergy generation as much as passiblae.
In the northern region 18 hydroelectric projects are being planned, in the southern reglon, 21
projects are undar study aad in the ODnag Wai basmin, 20 projects.
Data are for West Ralaysias only. fAydraulic energy rescurces also exist in Saravak and Sabah,
but date are nrot available
Probable annnal generation detersined as average continucas 28B-hour pover times number of hoars
in a yeoar
*ive projects tetaling 410 MW ars planaed in West Nalaysia for operation dy 1982 or later.
vacilities at Tembeling, Pergau and Kuala Trengganan will be 100 m¥ each, one at Bentong Raub 50
A¥, and in Jahore, 60 A¥. The Tezbeling and Kuala Trengganu onits will de sultipurpose
facilities
Rydraul ic Resources are sesall bdbut not negligible.

The tegional divisions of the coantry are based or 26 river basins

Gross Theoratical Capability vas deteruined for 92 natural catchsents, vhich together cover all
territory, by u=ing the following equation: ®=9.,8 (Ab-RAc). Qc vhere N (kXv) = Gross hydro
potential batween the points B and C of the river basin. Hb (a) = Laval at B, Ac (a) = Level at
C, Q¢ (ud/s) = Average flowv at C

B. Renderas, Konya, Seyhan, Ceyhan include planned, cediz, B. Akdeniz, D. Akdaniz, Pirat, Aras
and Dicle include other. Sakarya includes under construction and other. Yesili rwmak,
Kizilirwak, and D. Raradeniz include planned and other. and Antalya includes under
construction, planned and other

The G95 value for total probable annual generation is known only for the entire country and is
listed under ®"other®. The G95 value for tbe entire nation vas calculated by asing econosically
exploitable hydro-electric potential (BZAP) values vhich vere estimated by seans of "sodulas
coef ficient® or "dimensionless rua-off", for each basin flow and includes other, planned and
facilities ander constraction. The derived ratio through the frequency 2nslysis of BEHP for 31
years is 0.627. Probable annual generation figures for historical average flow are based on
feagibility stodies of the potential areas for the hydroelectric power plants, The sethods of
conpating anpual generations are not available

There are essentially no non-electrical units in the country.

Iraq reported gross theoretical capacity in terms of capacity ss follows: Saparra 88f8v, Dokan
800N w, Aaditha J358v, Mosul 500Mv, and Bakhma 6008w

Pusp Storage facilities vith s oosping capacity of 263uRW and a turbine capacity of 3595 RV are
nov in operation. Ada2itional capacity of about 2070 H¥ are under coamstruction.

Gross Theoretical capability obtazined by considering the floving portion of atmospheric
precipitation from average altitude to sealevel.

Probable annual generation at G95 corresponds to a hydraulic coefficient of 0.78, and for the
bistorical average generatiom as 97.5% of production capability

Pusp storage installations are not incladed.

Fuap storege facilities with a capacity of 836 Nv and an annnal output of 2100 TJ (585 GWh) are
nov installed. Plans exist for additional capacity of 571 H¥ with aun annual outpat of 2760

TI (767 GOh)

Data for facilities under constraction include planned facilities

Installed capacity of all units greater than M@ is 9530 M9 and their total amnual generation
is 106,000 1J (29.870 G¥h)

Data on plasned capacity includes other

Gross theoretical capability vas calculated as per the method described in the paper
ST/BCE/PP/39. Annual generation vas calculated using ONIPEDE pablication "Statistical
Terminology eaployed in Electricity Supply Economics”. G95 Generation fros each region are not
shovn because the Italiam system, being strictly interconnected, is operated as a vhole.
Patheraore, regional data are not applicable since their total is lover than the corresponding
national datum, The capacity of pure pusped-storage stations is not included, hovever,' the
capacity of sired puaped-storage stations (that is, the stations for vhich prodacibility from
natarai contribhutions is not negligible) is included. Capacity increases due to the rebuilding
of obsolete plants and use of "other” sites will become economically feasidble in accordance
with the evolution of the energy situation.

Gross thooretica} capacity vas determined by integrating the head-rainfall curve along the full
length of each river. Ancual generatios for installed facilities vere based on atatistical
averages.

Gross theoretical capability was deteruined from the average annusl runoff for each plant based
o8 average annual rainfall (less evaporation) and its catchment ares exrculding auny indirect
catcheent feeding upper cascade plants. The runoff vas assumed to be turbined dova to sea
level, i.e. thbe head vas assused to be equal to the marimam level of the reservoir above sea
level. An average overall efficiency of 100X was assumed.

Annual generation at G95 was based on $9% storage dravdown and on an annual cunoff of 9% of
long term average annual flow, vhichk corresponds to the quantity available 95% of the tinme.
Geaneration at G(Av) was based on tha estimated long term average output of each plant.
Tastalled capacity includes puaped storage, but only natural runoff is included
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Yame of contiment,
Region and Country

“JrO PR
Sorcthacn Europe
Taited Kingdow

Swveden

Pinalana

EoTway

Zreland

TasteTn Europe
Poland
Pomsania
*mlgaria

TTROPE~ASIA

sorthera
TS SR

YORTH AMERICA
sorthern Amerlca
tnitced Statex

Canada

middle Amserica
nexico

Guatesala

costa Rica

Notes on Hydraulic Energy

Fote

(e}
(a)

(a)

tb)
(c)
(a)
(d)

(a)
(b)
(a)
(a})
¥
(a)
[L]]

(c)
(d)

(a)
(L)

)

(a)

(b)

(a)

(b)
(@)

{v)
©

(a)

Mdtional capacity is available only from paaped storage sites having essentially no catural
rumoff. Planned units total 1700 RV capacity and “"other® nnits 1200 AV capacity.

Gross theoretical capability has been calculated on the basis of actual elevations, and
bistorical average flovs at an efficiency of 100% utilization. Probable mean annual generation
is deflned as the available production of stations including loss of production due to power
balance spills.

In detesraining gross theoretical capability the linear emergy potential of the most importanst
rivers in the couatry has not baen calculated by uniform methods for the sost important
vater~courses.

Ronelectrical units ace usad by the Pinnish pulp sills. The total capacity of the five existirng
onits ate 30 BV, the largest is 13 nAw,

Aanual enerqgy genevation has teen deternined by means of the duration curve of 10 hydrological
vears! generation (1931-60j.

Gros=s Theoretical Capability vas deterained as the average vearly precipitation sultiplied by
the actual height above sea level, avaporation vas taken into account

Annuel geperation was deteruined as cer January '973. The value reported for G95 generation
is that obtainsble about 90X of the time for each plant if wvorking separately. The value under
hlgtorical averaqe generation is the mean total system condition.

Gross Theoretical Capability: Based on hatnessing of all sites with a potential of not less
than & AV

Probable annual generation: Based on grecorded, and estimated hourly outputs for esch statiom

Data on probable asnual generation apply to installed capacity and generstion of electricity im
bydropower stations, cosmissionad prior to J1 Deceamber 1972,

Gross theoretical capacity corresponds to the length of the water course vith a specific
potential, is general, of about 100 kw/km.

Includes half the potential of the Danube River betveem Romania and Bulgaria.

Includes 50X of Danube along Bulgarian-Rosanian border

Yalues provided for gross theoratical capability are for total civer flow. ¥atjonal total for
all sarface vater run-off is 6370 Twh (22,932 x 10¢15) JV.

Operating data includes guits under constraction, other includes plannad units, Total
national installed capacity is 31,500 A¥ with am output of 123,000 Gwh/yr. (%43 x 10(15) J/yr).
Pacilitien under construction total 28,500 AV vwith an output of 95,000 GS¥h/yr (382 x 10 {15)
J/7c).

Ia:ludcs Sorthvestern European-0SSR,Baltie Region and Beloruasian SSR.

Includes Central European-USSR, Central-Cheraorzem,¥olga-fiatsky,Povaolzhsky and Ucal Regioms.

Gross theorstical capability is stated as the total of developed and undeveloped sites of not
less thaa $,000 k¥. {19 GJ).

Average annual pover genecvation of 256.8 x 10(9) k¥wh (92% x 10(3) TJ} finclades 253,11 x 10(9
911 ¢ 10(3) TJ) credited to electrical utility plaants and 3.7 x 10(9) k¥h (13 x 10(3} TN to
Tndustrial plants.

Annual generatios data represents receat anhonal average generation as well as that predicted
for ondeveloped sitex, Data to separate probable annual generation into anits ander
Countruction and Other coaponents ate not available,

Gross Theoretical Capability for "other” sites oaly has been estimated on the basis of
harnessing of all such sites and on arithmetical mean asoual flovs assoaing 100 pet cent
efficiency ia the smachinery and driving water works. WNo nonelectrical anits have bees
included. Data listed for "nther® sites vas computed by assuming that the anticipated annual
generation would be developed at an average capacity factor of §0 per cemt.

Antual generation values vere estisated om the same basis as the figures given for gross
theoretical capability, except thet an 8R per cent efficiency vas assumsed. It vas considered
that to add the actual or anticipated values for annual generation ln the operating, cnder
coustruction and planned cateqories to the historical average or G95 figures in the “other®
cateqgory vould not he seaningful. Accordingly the values given undler historical sverage
generatioa are really actual or anticipated annual generation, vhick inclaodes, in the case of
the "0t her” category, the best available current estisate of generation vhich vould eventually
be installed. 1ll data as at Deceaber 31, '972. The vajues for historical average annual
generaticn for the “other” category only are as follows : B.C. 209,208 Swh, Yukon 66,817 Gvh,
¥® Terr. #8,7%3 Gwh, Alberta 62,196 Gwh, Saskatchevan 12.5%8 Geh, Hanitoba 44,308 Gvh, Ountario
18,088 Gwb, Quehec 237,236 Gwh, Kew Brumswick 1,822 Gwh, Nova Scotia 1,318 Gwh, PEX 7 Guh and
Wewfoundland and Labradotr %1,338 Gvh for a total of 785,981 [wh.

Gross Theoretical Capability vas calculated on the basis of harnessing of all sites., The
values listed under “Other” indicates places with 1imited gtilization poasibilities.
Prelininary stodies have shown that utilization of these sitesm vill be very expenaive becasse
of probless of water requlation, geology, topography and capacity,

Baja Calitfornia has no developed or developable hydranlic resources,

Gross thaoretical capability is based on the saxisum average flow expacted during a typical
yearc.

Annual generation i{s based on the average annual flov multiplied by the installed capacity of
each plant.

Three nev facilities are planned., The Atitlan station at Solola nov under construction vill
ha 4 capacity of 430 AW (1007 Gwh/yr), »ill cost $§ 128 sillion and is planned for stactup in
1978, The Aquacapa station at Bscuintla with & capacity of 80 R¥ ({310 Svh/yr) ls set for 1977,
R fessibility study was completed in 1973 for a S50 AW (2077 Gvh/yr) Chizoy mtation in
porthern Guatesala at an az yet undetermined cost, 1ll plarned stations vill use Pelton
turbines.

Major resources are on the Rio Grande de Terraba, and on the Peventazon, Pacuare, and Chirripo
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Name of Continent,
region and Countey

WORTH ANERICA
Aiddle Americs
Costa Rica .

SQUTH ANZRICA

Tropical South America
Brazil

Colombia

fenezuela

Tesperate Soauth Aserice
irgentina

Chile

Urugunay

QCETANIA
Australia & Nev Zealand
Australia

Tev Zealand

felanesia
Papua-Nev Guinea

Polynesia
riji I.

Notes on Hydraulic Energy

Fote
No.

Rivers.

(a) Gross theoremcical capsbility vas dstecsined fros installahla capacity by esploying appropriate
coefficients that Adiffer for each region. These coefficiants vere obtained both from actual
seasurements (vhere available) or estisations of regularized river flows. Annual generation
data are the regulated firw anergy for the critical peariod observed: this period is variable
for the different regions.

(a) Groas Theoretical Capability vas determined fros the average annual atsospheric precipitation
for each of the three drainage basins by applying different runoff percentages according to
data recorded by flov gaging stations. vach drainage basin was sabdivided into subareas
according to hipmomettic distribution, 2nd the mean rate nf Aischarge vas calculated for
different altitudes adbove sea level.

{a) The territorial subdivisions have been made in line vith the Yenezuelan ¥ater Resources
Deveopeent Plan. The information relates to COPLANARH reglons.

{b) The calculation of gross theoretical capability is based on the foramula PAB=9.8x AxQ, in vhich
PHB i3 the gross hydroelectric pover potential, H the difference of elsvation in meters betveen
the extremes of the stretch of river under coansideration, @ the average annual flov in 83/s at
entrance and outlet, 9.9 a correction constant fros Xgm/s to Kv. The resulting valoes, irn A%,
vere them converted to snnual energy capability by using a turbine sfficiency of 92¢ and a
generator efficiency of 97%. No consideration has been given tn wvhether or not the potential
is technically developable and resalting figures are used only as a basis for judgsent at the
planning level. Thelr values are belov the real figures because of the exclusion of rivers
having a relatively lov production. Results are not the outcome of hosogenecus criteria, since
they relate not to the hydroelectric power potential of basins but to the generation of the
sain wvater coarses.

{a)} Gross theoretical capability vas calculated as per UN publication “Rydroelectric Resources of
Latin America, Their Mecasureaent, and Development,® Yol I (Z/CHN/12/630).

(a) Gross theoretical capability has been estimated on the basis of flow along the principal rivers
and tributaries from their source to the lover control section of vater ranoff but not to sea
level. Annual geperation is taken at an 89% use factor. Reservolr operation has been
performed by simsulation,

{a) Gross theoretical capability (GTC) wvas calculated fros GTC = (V) (A) (9.81/3600) (Kvh/yr) vhere
Y is average anaual flov of river or average annual rainfall (s(3)) and H ig average height of
the river basin (m).

{b) The reservoir on the Rio Santa Lucia vill have as its prisary purpose provisios of sunicipal
and isdustrial vater.

(a) The Gross Theoretically Capability vas defined as the total energy available if flovs at the
points of development are turbined dovm to sea level with 100% efficiency. These figures
generally have lisited practical significance since development of the energy is often
iaprobable or impractical becanse of topography, economics or the commital of the vater for
irriqation purposes. Annual generstion vas assessed sainly from historical records of flows.
Instelled capacities are as of June 30, 1972.

{a) Gross Theoretical capability in Worth Island 306,000 T3 (8%.000 G¥h) and in South Tsland
1,898,000 TI (415,000 G®h). Data not provided for oatlying islands

{d)Gross theoretical capability vas derived as the product of the flow of all rivers and streass
in Wev zealand that enter the zaa timesm a weighted mean land elevation using the vork of Beohas
(1959) and Toebes (1972) vith local sodifications. 7Installable capacity of both planned and
Gther facilities are to a large degree speculative being largely dependent on developing
attitodes on conservation, pollution, fossil fuel sxhaustion and overseas earnings. The values
for installed capacity are generally based on 50% plant factor, bat in some stations special
conditions have influenced capacities and in fotare works a tendency to install additional
peaking capacity may cause stations to be built with larger installed capacities than are
implied by this table. Annual generation at .95 values wvere derived fros experience ot
planned ostputs based on 65% to 95X or higher ntilization. Planned figures have usvally been
exceeded as the systes has grovn and diversified. Aboot 10% of the theoretical capability
sight ander present day conditions find econosic develovment. Annual generation at G{Av)are to
a large degres speculative. 1o implesent thes, additiomal water storage, or additional stationm
generating capacity, or a bigger generating systes, or all three vould be ceaded.

(a) Papoa-Nev Guinea is an undeveloped arem vith epormous hydro potential but lack of streas flov
data prevents assessaent of annual generation. Accordingly the values in Colusns 13 and 13 are
not coaparable and are only broad estimates. See Also Australia.

(2) Surveys on the use of hydraulic energy are now being made bat data are not yet cosplete or
available.
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Nase of Continent,
Region and Country

APRICA
Vestern Africa
Nigeria

Eastern Afrcica
Zthiopia

aiddle africa
Zaire

Soathern Africa
Soath Africa

ASIA

Zast Asia
Japan

Zastern isia
Tajiwvan

Niddle Scuth Aisia
India
Sangladesh
Soatheast Asia
Indonesia

Pailippines
Southwest Aisia
Turkey

ZUBOPE
Vestern Zurope
Germsany, PF.R. of

Netherlands
Southern ®urope
Italy

Spain

worthern fEarope
OUnited Kingdos

Sveden

riniand

Sorvay
tastern Zurope
Poland
WORTH ANMERICA
socthecn America
onlited States

Canada

Notes on Hydraulic Energy

Ref.
No.

t.

2.

1.

1.
2.

1.

1.
1.

1.

Niger Pams Project Report, vol. 2, wodified in accordance vith N®DECO repott on "“teview of
Kainii Aydrology* October 1972, (Kainji, Jebba, Shiroro)

Estimated by Shaveont consultaats, from prelisinary analysis of flov data (Songola)
Nigerian Ylectricity Supply Co., (NESCO}, Annual report.

Onited States Department of the Interior, Burean of Reclamation, for the Departmant of State
Algency for International Development., Land 5 Water Rescurces of the 3lue ¥ile Basin. ~ Ethiopia
- Seven Yolumesg - 1958,

rthiopian Plectric Light and Pover Rathority Studies,

R, Bette, Puaissance Aydranlique “xistanle dans le Bassin de Congo, Bulletin des Seances de
1'Institut Royal Colosial Belga, ¥o., 16, 1945, 1.

Electticity Supply Cowaission, P.0. Box 1091, Johanneshurg

Ainistry of International Trade and Industry. Departaent of Public Otilities, Agency of Watural
Rescurces aad PZnergy

Taiwan Pover Cospany, Ministry of Zconomic Affairs, Republic of China

Central %ater & Power Cossissicn, fydro-Ylectric Directorate, Bikaner Rouse, Nev Delhi, India
Bangladesh ®ater Development Board

Direktorat Jenderal Pergairaan (Directorate General of Irrigation, Nimistry of Public ¥orks),
Indonesia

Indonesian Fational Cossittee, Vocrld? Energy Coanference

Hatjosal Pover Corparztionm

Turkiye Genel EnerJi Rapora, 1968

Tubitak - Project Fo.: 206, Assist. Prof. Img. Onal Ozis, 1971

J. frohoholzer, "Systesatization of hydro resouarces of the "ederal Republic of Germany”, Hunich,
1962, gey 1373

J. rrohnholzer, "Characterization of the running of pusped storage planta for the pover supply
of the Pederal Pepublic cf Gersany?, "Znrergie®, Pabruacry 1973, pages 29 to 87

The Central Bureau of Statistics.

Ente Nezionale per l'Energias Tlsctrica
ninisterio de Obras Publicas - Jefaturs de Secviclos Ridrograficos
nipisterio de obras Publicas - Jefatura de¢ Servicios Zlactricos

¥oreth of Scotland Eydro-Flectric Board

Seuth of Scatland Tlectricity Poard

British Alusinue Coampany Lisited

Central Plectricity Genarating Board

Svedish Pover Association, Swedish State Power Board, CDL (Central Operating Managesent).
Energiprognosutredningens lagascapport juli 1973 (Status Revort, July 1973, of the ad hoc
Government Cossittee on EFnergy Porscasting). In Svedish. Revievs Swedish and wvorld energy
resoarces in light of domestic energy forecasts to 199S,

vattenkraft (Aydro pawer). In Swedish. Sooklet published April 1978 by the Swedishk Power
Association and the Svedish State pover Board. Broad assassment of Svedish hydraulic resources
and their use, including discussion of eavironsental probleas.

Otredning os vattenkraftuthyggnader i mellersta Sverige (Investigation of the hydro pover
developaent in middle Sveden)., In Swvedish, To be published {n 1973, Assessment of future
developaent of hydraulic ressurces on five rivers in middle Sveden.

statistisk arsbok for Sverige (Statistical abstracts of Sveden), Stockhola. Pablished ananually
in Svedish {headings also in "nglish) by the Central Buresu of Statistica, Contains general
statistical information cancerning resources of hydroelectric pover, of vood, peat and slate.
tatest edition 1373,

The Statistics of the rinnish Association of Electricity Supply

"Aydro Power Resocarces in Pinland® ZCE Study, 1965, by Imatran Yolma Osakeyhtic

Norveqian Water Rasources and Plectricity Board

Statistical yeatbook 1972

0.S. Pedaral Pover Cosmission, 1972, "Hydroelectric power resources of the United States,
developed and undeveloged, January 1, 1972%, 0.S. Government Printing Office, 126 p.
Department of fnergy, fAines and Resources, Pnergy factor

Alaska Pover Adsinistration

Sritish Coluabia Vater Resouces Service

British Colushis Aydro and Power Authority

Department of Indian Affairs and Nogthern Developmeat

»gpper Yukon River Pover Market Potential, Working Papecs and Sumsary Report®™ (Jaly 1970)
Statistics Cansda, "flectric Power Statistics, Yoluse IT (Annual) ™ 1971, Statistics Canads,
wplactric Pover Statistics, %anthly"™, Pedbruary 1972

tepactaant of Envircnment, Ialand Vaters Directorate

pDepartaent of Worthern affairs and National Resources, Vater Resources Bdramch, "(nov part ot
tnvironsent Canada), “Position Paper « povar Davelopsent on the Tukon River® {(October 1965)
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Yaae of Continent,
feginn and Coontry

NQRTH ARERICA
Hocthern America
Canade

fAiddie Aserica
Rerxico

Guatemala
Costa Rica
SOQTR ARYRICH
Tropical South America
Brazil
Coloabia

Yenezuela

Temparate Sonth America
Arqgentina
Chile

Oruguay

CCEZANIA

Australia & Nev Zealand
Australia

Nev Zealand
Melanesia
Papua-New Guinea

Notes on Hydraulic Energy

Ref,
na.

10. Department of Northern Affalgs and Wational lesQurcea, Vater Resources Brangh, “Report on

Rydro-Electrim Pover Resouteas of the Porcupine, Peel and Rat River Reqgion, Yuken and ¥orthwest
Tervitories™ (April 196%)

11. British Columbia Energy Roard, “Provincial Povepr S%udy® {April 1972)
12, Pnerqy Resauroes Conservation Board of Alherts = ®The Hydro and Hydre-Pleetrdc Znergy Potential

af Alteres, A Preliminacy Appraiszal®™ fApei} 197

13, Bevfoync.and and Lebrader Paver Coamission
14, 7. Ingledov 6 Associates Limiced, Consulting Zngineers, "Rydro-Plectyig Resqurcea Syrvey af the

15.

Central Yukon Territory, Yolumes ) and 2% (Jqnuapy 1968), P2ower Survey af the Liard River

Basin, Yukan and Worthwest Territorjes, Pinal Repart™ tPehvuagy 1970), "Fover %qrvey of the
Central Mackenzie District, Wocthveat Tercitaries, VToluses 1 and 2% {January 19¢9), "Pover

Survey of the Kazan, Dubawnt, Thelon and Aanbuey River Basims, Northvest Tefritqries, Pinal
Report® (March 1970)

Gepag Congultants Ltd., "Yukoa and Kocthvest Territariex Pover Supvey = Pre lecconnaissance
Study, "inal Repoxt® {Saptesher 1971}

flexlcan Kational Coseittes, Rarld “necqgy Confsrence

. Comizsion Pederal De Ilectricidaed

Institota Nacional de Plectrificacien { INBE )
Bereau af Generstion Programs, Cosva Rican Iastitute of Plectgicity

Eletrobraa ~ Centrais Pletricas Brasileiras S.A,

bepartazento de Hidrologia, Ingetec

Servicio Colombianc de Neteorolagia e Hidrologia (sScuA)

Institato Colombiano de Znergia Zlectrics (ICEZL)}, La Plectrificacion en Colesbia, (Informe 1971
- 1972y

ICrL, Isa, RE%E, EZPPM, CYC, CORELCA, Inforse del Sector %lectrico,
Ano ¥IT, Aggust, 137))

G. Jaranillo, Pnergia e Aidroelectricidad en Colosbia, ¥ Congreso Panamericano de Ingenieria
Recanica, flectrica y Ramas Afines (Agosto, 1973

J. Tejada Saenz, Potenclal Hidroelectrico del Rio Cauca. ¥ Congreso Panasericano de Ingenieria
Mecanica, Plectrica y Ramas Afines (Agosto, 1973 .

Gibbs & #ill and Zlectricite de *rance, Potencial Midroelectrico Pconomico de Colosbia (1955).
“potencial Bidroelectrico Bruto Yacional®™, Poblicatfon Number 10 of the Venezuelan Water
Besources Develcpsent Planning Coamission (COPLAWARH).

{Revista EZTA Ro. 25 Vol. IV

*Inventory of Aydroelectric Rescarces of the Republic of Argentina,* Publication 108, July, 1967
0ficina de Evaloacian de Proyectos Aldroelectricos de la Pspresa NWacional de Zlectricidad S.a.
®EINDESA™

Depto. de Generacion y Transmission de U.T.Z,. (Usinas y Telefonos del EBstado.)

Department of HAinerals and fnergy, Australie

Department cf the Worthern Territory, Australia

State Electricity Coessissions of X.S.V¥., Victoris, Queensland, ¥.A., S.A., Australija
fivdro-electric Cowmission of Tasmania, Australia

Ainistry of Rorks, Rew Zealand Plectricity Department

Department of External Territories, Australfa
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